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“Why do we love the sea?

Because it makes us think of things we like to think™.

Jean Berlamont,
Hydraulics Laboratory, dept. civil engineering, KU Leuven

*After Robert Henri (1865 — 1929)
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Integrated coastal (zone) management (ICZM)
« Safety
 Accessibllity
* Nature development
* (economic development: fisheries, tourism, wind
and wave energy production, natural gas, ...)
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Coastal erosion {Suriname)
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ntegr ted master plan for the coast

T =1000%y 1953: T=250y

T TAW + 7.m 1976:T= 50y

Significant wave height 5’ m

Paradigm shift”
e "Zacht\waar het'kanjhard waar het moet”
 Avoid flooding at any time anywhere <>
Reduce risk/ damage to acceptable level
(T = 1000 y), while avoiding large scale flooding



Overview of the planned coastal protection works

COASTAL ZONE COASTAL PROTECTION MEASURE

De Panne dune nourishment + beach nourishment
St. Idesbald - Koksijde beach nourishment

Koksijde dune nourishment + reconstruction of road
Harbour of Nieuwpoort storm surge barrier

Middelkerke — Westende beach nourishment + storm return wall around casino
Raversijde — Mariakerke beach nourishment + storm return wall
Oostende center beach nourishment + stilling wave basin
Harbour of Oostende storm return wall

East Bank of Oostende beach nourishment

De Haan-Wenduine beach nourishment + storm return wall
Harbour of Blankenberge storm return wall + erosion resistant slopes
Blankenberge beach nourishment

Harbour of Zeebrugge storm return wall + erosion resistant slopes
Knokke-Heist beach nourishment

Zwin International dyke

AN INTEGRATED MASTER PLAN FOR FLANDERS FUTURE COASTAL SAFETY

TINA MERTENS1, KOEN TROUW1, JONAS VERMANDER1, TOON VERWAEST2, ANNELIES BOLLE3, JULIEN
DE ROUCK

VLIZ Young Marine Scientists Day 2012
(February, 24 , Brugge)
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Shore face nourishment

low nourishment
high nourishmenl
reference profile
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“artist |mpreSS|on van de

stormvloedkering te Oosterweel Storm surge barrier
(Antwerpen) ... + 80 + 80 + 80 + ... Lunaplattte Weser
(1981)
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el
“Just as the Flemings between Bruges and
Wissant make their dykes to hold back the sea,
fearing the flood that beats against them; ...”

Dante Alighieri (1265 — 1321)
Divina Comedia Inferno canto XV, verse 4
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AN INTEGRATED MASTER PLAN FOR FLANDERS FUTURE COASTAL SAFETY

TINA MERTENS1, KOEN TROUW]1, JONAS VERMANDER1, TOON VERWAEST2,

ANNELIES BOLLE3, JULIEN DE ROUCk
VLIZ Young Marine Scientists Day 2012

(February, 24 , Brugge)




Integrated coastal and maritime plan for Ostend, Design of Soft and Hard Coastal Protection
Measures, S. Gysens, J. De Rouck, K. Trouw, A. Bolle, M. Willems
Coastal Engineering, 2010

Existing sea wall Stilling wave bassin Exisiting beach

!




Challenge: sea level rise

Effect of climate change on mean sea level/

wave climate

Temperat

WMO IPCC

Temperature change (°C)

1 1990 - 2100
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4000 m * 3.5 10-4(1/°C)*0.5 (°C) = 0.7 m!

IPCC |
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Average Monthly Arctic Sea Ice Extent
December 1979 to 2011
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The National Snow and Ice Data Center,
University of Colorado, Bboulder, USA
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Knowledge gaps / Research challenges

Effect of climate change on mes
wave climate
Overtopping discharges? 1 I/m,s
Forces/ damage due to overtoppr

Current & wave prediction outside calibration
range

Adaptive designs

VLIZ Young Marine Scientists Day 2012
(February, 24 , Brugge)
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Innovative technologiesfor safer

___lii—_ Europeancoastsin a changingclimate
COOPERATION
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Period: 2011-2014
31 EU partners from 18 countries

Aims:
Provide a sound warldwide applicable approach to
mitigate coastal risk
Develop real solutions for improving and preserving
the safety of people, economies and habitats

CLIMATE CHANGE

ENVIRONMENT !0.':'%
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2. Accessibility of harbours




Aim: _
. ' innovatingsef in-situ survey technlques to determine the navigation
' 3.5 ving over‘;;‘\j‘ﬁwd mud bottom by mé&ns of CFD modelllrgl&
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Reducing Maintenance dredgln
Mud pumping station?
Air bubble screen?
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Environmental impact assessment (MER):
Flyland project (NL)

slib (mg/1) SPM (mg/1)
tijds— en diepte gemiddeld bottom layer, time averaged




Knowledge gaps / Research challenges

Behaviour and fate of cohesive sediments (COSINUS)
Distributed data (satellite or airborne remote sensing)
Morphological models (long term)

Physical scale models

Numerical models

Composite modelling
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Knowledge gaps/ research challenges

(Distributed) data collection
(satellite or airborne remote sensing)
Physical scale models

Numerical models

Composite modelling

Morphological models (long term)

VLIZ Young Marine Scientists Day 2012
(February, 24 , Brugge)



Remote sensing, intertidal flat

e

Sedlment propertles e : ,fl’g Numerical modelling hydro- and
- riverlJzer® = sediment dynamics:

(sand, mud, water content,

biological activity) >

~ MRA® g RISING TIDE

(3‘.,. ’ >
d NieuWpoort-aan-Zee

] sandy, vegetated sediments : g e S
’ : 3 B | March 19 11:30:00

Bl vegetated sediments D il 3.10 m/s
.muddy, high chl a, sat sediments % A i =z.ss /s

2.44 mfs

mixed, interm chl a, wet sediments 2.21 m/s
1.77 mfs

.sandy, interm chl a, wet sediments L =06
sandy, interm chl a, dry sediments 1.33 mfs

~0.89 m/s
0.67 m/s

S5
DAIS 2001 451000 4532000
i 0 AHS 2005

4-8 1 0ag

AHS 2007

S6F /000

4831000 4852000

431000 432000



Ground measurements
(Molenplaat, Schelde)




SEDIMENT TYPE UNSUPERVISED CLASSIF CATION OF
MOLENPLAAT, WESTERSCHELE TUA !Y 'HE NETHE’RL N D
Stefanie Adam?, \?""\ | | ‘hdgdeaék Monbalit
1. Katholieke Univg o1, C (, ydrapﬁcs, De partmri \
Engineering, 30 d el
2. Purdue Uni

USA
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C3 junctl mg mg&’ost effective manner.

d evaluate unsupervised classification.mrethodsfer]sedimpent tygoes on




Ground measurements
Mud banks, coast Surinam

VLIZ Young Marine Scientists Day 2012
(February, 24 , Brugge)



“If you are happy,

and you want to remain happy,
don't try to measure sediment
transport”

Prof. J.J. Peters, 2002

Sediment transport
measurements in the
River Scheldt
(Temse)

materiaal in suspensie

0.0 10.0

daggemiddelde debiet op datum van monstername (ms/s



Knowledge gaps/ research challenges

(Distributed) data collection

(satellite or airborne remote sensing)
Physical scale models

Numerical models

Composite modelling

Morphological models (long term)

VLIZ Young Marine Scientists Day 2012
(February, 24 , Brugge)
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Knowledge gaps/ research challenges

(Distributed) data collection (satellite or airborne
remote sensing)

Physical scale models
Numerical models
Composite modelling
Morphological models (Ig




It Is Impossible to measure the effect of one
Individual parameter on the results, without
the effect of all other, known or unknown
Influencing parameters.

That's why we use models which describe the
different processes.

VLIZ Young Marine Scientists Day 2012
(February, 24 , Brugge)



Knowledge gaps/ research challenges

(Distributed) data collection (satellite or airborne
remote sensing)

Physical scale models

Numerical models

Composite modelling
Morphological models (long term)

VLIZ Young Marine Scientists Day 2012
(February, 24 , Brugge)
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Knowledge gaps/ research challenges

(Distributed) data collection
(satellite or airborne remote sensing)
Physical scale models

Numerical models

Composite modelling
Morphological models (long term)

VLIZ Young Marine Scientists Day 2012
(February, 24 , Brugge)



{Need for morphological modelling for the prediction
of long term natural and antropogenic changes

* estuaries navigable channels,
wetlands, shores, tidal flats, ...
* harbours siltation, accumulation of
pollutants

 coastal morphology beaches, sea defences, ...
 dredge spoll deposits under water, on land




The feasibility of Morphological Dredging as a tool for Managing the Westerschelde
Report by the Port of Antwerp Expert Team (PAET report, 2003)
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Overview of float tracks

(ebb phase)

Overview of float tracks

(flood phase)



Isovel lines in the scale/ numerical model during flood

DELFT 3D

<03 <0.6
O<04  @<07
<05 <08

81.0 85.0

V&;ﬁ(¥u&°{ﬁ:‘liﬂl‘c¥ - fload phasc

11h - 12h - 13h
14h - 15h - 16h



The TELEMAC system:

long-term simulations for morphological changes studies

MATTSSE
Mesh generator (bathymetry, boundary conditions)

~N_ "
TOMAWAC TELEMAC2D
Wave field Current field

SISYPHE

Sediment transport/ bottom evolution

telemac

RUBENS
Graphical post-processor
AR




Bathymetry My course .is fet for an uncharted sea
Dante Alighieri, Paradise

» Coherent data sets, sufficiently detailed
 historical data for validation?

« Data for sand banks? Mud flats? Wetlands?
Data have never been collected for this purpose,
put for navigation, dredging purpose...

The NOWESP database
L4 Universitdit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG


http://www.uni-hamburg.de/

NOWESP | .
North-west European Shelf Programme@g% 1996)

Historical data from the north-west European shelf werétomplled and evaluated (Van
Leussen et al., 1996, NOWESP, 1994, 1995, 1996). . ¢ #140slo

- the acquisition “of the relevant data sets, \ " ' | J
- the organization of the data sets in the NOWESP Research Data Base, o/
- the mergmg ofgthe specific data sets for ten main state variables used in NOWESP
- an,g.the prOV|5|on ofdata products for the analysis within NOWESP.,

‘Northern lreland

NOWESP provided; data sets for ten state variables ‘Denmark
~ tgmetet’ui@” salmlty, phosphate, nitrate, nitrite, ammonlum &hcatcemdmhwg)smhyll

.....
Sy 1 g

oy

- Merged data seLts tog t(he Crjnr'ne state variables for the wholearea
n 4]
- Gridded datazsets' or the ggme nine state vanables;,enfa grfd\of 29 km by 20 km

- Time serues at etgﬁt %ltes on the shelf.

.
/}-?i,"

i ) ’;"
London {}Amsterdam

The data setscan be obtalned from the MO&?%FTEEI{@%@@% far Meereskuﬁ?t%l%“'n

- R £/2009 GeoBasis: DEIBKG !
Hamburg : I~ ""—-'[1 RREL FOpE Technolog esi 5 (.

R TuS ) Ao 20l
f* ‘-""\.'. T ’_ o
J Bez::" 129 1370 NI 6753104 4 1ESeeva - 24m

f'\‘.....,.A....

(1 1r ™ & S\ 14



The TELEMAC system:

long-term simulations for morphological changes studies

MATISSE

Mesh generator (bathymetr,, boundary conditions) )

TOMAWAC TELEMAC2D
Wave field Current field

SISYPHE
Sediment transport
RUBENS
Graphical post-processor

/\/V\/
W\/
NN\

telemac




Boundary conditions

« at the horizontal boundaries of the flow field
not (only) water level but velocity field/ fluxes

« at the bottom boundary of the flow field

need for more spatially distributed data on the bed
properties and (initial) sediment availability

 at the free surface of the flow field

traditional free surface b.c. may result in
unrealistic high Ri values at the free surface( too
much buoyancy damping)
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Knowledge gaps/ research challenges
MATISSE

Mesh generator (bathymetry, boundary conditions)

TOMAWAC TELEMAC2D
Wave field ‘ Current field ’
SISYPHE
Sediment transport
RUBENS
Graphical post-processor
N NN
A

telemac
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Current field

« direction of current velocity Is very important
(sediment transport)

« “fairly good agreement” of flow field can lead to
large errors in sediment transport

* near-bed flow field and turbulence
 turbulence damping due to suspended sediments
(Toorman, 2004)



The TELEMAC system:

long-term simulations for morphological changes studies

MATISSE

Mesh generator (bathymetry, boundary conditions)

TELEMAC2D
Current field

==/ R &2 A AaIA I~

1 \JIYIAVVAC

q Wavefield
o —

SISYPHE
Sediment transport

Wind fields, drag coefficient

2/3 variability between different models due to forcing
meteo (NOMADS)

N



MATISSE

Mesh generator (bathymetry, boundary conditions)

TOMAWAC TELEMAC2D
Wave field Current field

cTOo\V/NLILC

- dat? I 1 010 B

( Sediment transport P
T TE—

telemac

RUBENS
Graphical post-processor
AR




SISYPHE

@om evolu@equation

0L M Div 0 Z. = bottom depth

ot Qs = solid volume transport

Current induced transport:

Meyer - Peter formula (bed load)

e Einstein — Brown_formiila (hed Inad)
e Engelund -+ , . .
Transport of sediment is one of the most
Current anc  important and difficult classes of processes
encountered by the hydraulic engineer”
* Bijker formul A. Papanicolaou et al.,
e The Soulsby Jnl Hydraulic Engineering, ASCE, January, 2008



non cohesive
sediment transport predictor

Unsteady flow?

formulas give transport capacity < > actual
transport rates

1D approach vs. interaction with morphology
(2D and 3D)

measurements? (Heisenberg?)



Morphological calculations

 direction of transport in some cases sensitive
e Sed. tspt. Is a process with an important memory

« Small errors in predicted morphological changes
(caused by wrong (inaccurate) modelling of
hydrodynamics or sed. tspt), influence (local)
currents, (direction of) sediment transport,
morphology,... can grow rapidly.

Even If all processes are modelled well, errors can be
Introduced and grow rapidly due to limited knowledge
or necessary simplifications of B.C.... (K. Trouw,
2004)

long term| prediction >> divergence? Chaotic behaviour?



“fairly good agreement” maybe, is not good enough

Wc-i200 @e-1000 @07 [Je-ada  [Jeoino 0O =asw [ <asa | =130
<3O [@<-03m [-aam [Oe-aim [g<om Oo-rm @<m @ <1=x
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Conclusions

Integrated approach is needed.

Need for estimating side effects of measures or
collateral damage

(morphological ) effects can take years to
materialize

Side effects can happen on other places and times
than where and when intervention was done

Models are usefull, but “models are only models”

Long term morphological modelling Is yet
Impossble



Conclusions

The interpretation of model results is equally
Important as the production of modelling results. It
takes time, care and expert knowledge.

It is equally important to know what we don’'t know
than to know what we do know, but often, we do not
know what we do not know (D. Rumsfeld, 2002).

Need for research

Need for good and well managed (distributed) data
(Vliz)



Velvet, 2008




