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1. Einfihrung zur Modellierung der Klistenmorphologie

Modellierung der Kiistenmorphologie

Models are never exact but obviously often useful.
| never expected our physical models to recreate all of
physical reality

In Feynman's "The Character of Physical law"
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Modellierung der Kiistenmorphologie

Ziele

Bewertung der morphologischen Veranderungen an der
Klste unter Einfluss von Wellen und Stromungen

Anwendungen

e Vorhersage der Erosion von Stranden, Didnen und
Nehrungen

o Verstandnis der Erosionsprozesse an Bauwerken

» Einfluss auf die Kiistenmorphologie durch Hafen,
Lahnungen, etc.

Modellierungsansatz
In Abhangigkeit der Prozesse und des Skalenproblems
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Raumliche und zeitliche Skalen der Klistenmorphologie

Zeitskala . Langen- und Zeitskalen
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Aufbau der kiistenmorphologischen Modelle

Interaktion zwischen hydraulischen Einwirkungen und Umlagerungsprozessen

Bathymetrie } ;

|
v

Sedimenttransport [ Stromung J-—b

1 |

Profilanderung ] a

— A =
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Nach Roelvink & Reniers (2012)
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2. Wave-induced Salt Marsh Edge Erosion
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Wave-induced Salt Marsh Edge Erosion

M. Bendoni
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Problem Statement: Knowledge Gaps

Vertical Evolution (widely studied)

* Hydrodynamics, morphodynamics f
* Vegetation NNNNNAN| |
« Stable/unstable state analyses W, » Rsci

_/' ’’’’’ :

Lateral retreat (poorly studied)

¢ Ry =f(W) ‘ ~ Lack of yearly and monthly relations

* Numerical models (decades) ‘ No detailed models for smaller scale

e Cantilever mass failure model ‘ Effect on bank retreat: not yet investigated

* Description of toppling failure ‘ " No mathematical model available
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Objectives

Overall objective: improvement of the knowledge of the processes associated with
salt marsh lateral erosion (including mass failures) by wind-induced waves

Specific objectives:

1) Analysis and interpretation of laboratory experiments:
- modelling of mass failure of toppling type.
i) Field measurement campaign in the Lagoon of Venice:
- relation Rg, = f(W,) at monthly time scale;
- cantilever failure mechanism on cumulative bank
retreat (incl. vegetation).
i) 1D hydro-morphodynamic numerical model:
- relevant processes involved in bank lateral retreat;
- sensitivity analysis of bank erosion to main
parameters (soil composition, vegetation).
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Overview of XBeach with Extensions/Modifications

Short waves propagation alt marsh vegetation
3= (Wave action balance) [Vegetaﬁon_modu[e]
Effect of wave reflection \
(based on Xie, 1981) Mean flow field| <
[reflection_module] (NSWE)

Soil reinforcement due to roots
(based on Tuan and Oumeraci, 2012)
[soil _veg module]

Erosion processes <
> + <
advection-diffusion equation
carp erosion due to wave impact
N and-mud interaction
induced lateral retreat [sandmud_module]
[wave_impact_module] Y

Bed level update (Exner equation) -
+

bed composition update

Original XBeach ——> Modifications —> New parts
(This study)

Roelvink et al. (2009) (This study)
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Results of Extended XBeach: Effect of Vegetation and Soill

I | T | T T T ah = 0-28 m
) 0.5H \N/bg“ig'd = Muddy bank [- N 0 =1cm |
% or vzg: hzd:g+soil = Mean water level f//’/ ] N = 500 unit/m?2
N 05 F B —5 pm=0.8
— c=02 7 _
4 E . | | | | | | p | H s =0.28 m
75 80 85 90 95 100 105 110 115 | =25s
xtm] Tige = 12 hours

Ah;,e =1.1m

| | ' ' ' ' ' ] d = 0.06 mm
0.5H 2w Sandy bank \INAIALA 50,mud

No veg. - =
= of Vg hydro  |-Z [ / dso,sand 0.2 mm
i Veg. hydro + soil |~ Mean water Ievel‘—/,/ | pm or = 03
NT 05 ) pm=10.2 ’

: ps=08 MOy, =10
- 1 1 | 1 1 ! 1 Trun = 5 dayS

75 80 85 20 95 100 105 110 115
x[m]

Effect of vegetation is stronger for lower mud fractions

Decreasing mud fraction the bank results in a more dissipative profile
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Effect of Structure Porosity and Submergence
on Coastal Morphology

S.M. Mojabi
Submerged Porous ':
e 578 i Incident Wave Field —
o
4
.~~~ Transmitted Wave Field —
aadl: = (BT -'

. Wave-induced Flow

Wave-induced Sediment Transport

Shoreline Changes
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Problem Statement — Knowledge Gaps

Overview of the knowledge gaps

Effect on Shoreline Current Knowledge
1 Distance x to shoreline investigated
|| 5 X
Ls < > Breakwater Length Lg investigated
J Breakwater Width B investigated
<>
B
- Breakwater . :
Plan View
Submergence Rc poorly investigated
S A Breakwater Porosity n not yet investigated
/AN yd
NS 0 Rc .
o Beach Profile ) -
‘ X: Distance from Shoreline
Lg: Length of Breakwater
B: Breakwater Width
Cross Section Rc: Breakwater Submergence
n: ## Breakwater Porosity
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Objectives

Overall objective: improve the understanding of the hydrodynamic and
morphodynamic processes governing the effects of submerged porous breakwaters

(SPB) on coastal morphology.

Specific objectives:

1) Developing a formula for wave transmission coeff. Kt as a
function of submergence Rc and porosity n, Parameter
study using OpenFOAM: Kt =f (Rc, n).

i) Implementing the new formula Kt = f (Rc, n) in SWAN-
DELFT3D

lii) Validating modified SWAN-DELFT3D to calculate coastal
morphological changes induced by SPB

Iv) Perform numerical parameter study using validated
modified SWAN-DELFT3D

v) Develop simple design formulae based on the analysis of
the data obtained from the numerical study

Numerical Simulation in Open FOAM

[N\ i e
\/ Rc \/
[ SPB
kt kt
_%Rc _% n

y

Kt=F(Rc,n) ™8 SWAN-DELFT3D

Kt = Ht / Hi Ht: Transmitted wave Height
Hi: Incident wave Height

g

NANANNY \
:’SPB Effects of SPB \’/ -
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Extension of SWAN-DELFT3D Application

v

Submergence Effect Porosity Effects [€

|

K. (n)=K,

x PEF

[VDM 2003]

\ 4

DELFT3D- Wave
(SWAN)

Porosity Effects on Wave Field

4

DELFT3D- Flow

Behind the SPB

S Porosity Effects on Wave-induced

¥

Morphological
Changes

Flow Field Behind the SPB

Porosity Effects on Morphological

Changes Behind the SPB

E— Original SWAN-DELFT3D

— Contribution of this study

—_— Extended SWAN-DELFT3D
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Transmission Coefficient of
Submerged Porous Breakwaters

K - f (H,B,Rc,&)

t[VDM2003]
Van der Meer et al (2003)

_______________________________________________________

———————————————————————————————————————————————————————

Rc: submergence  B: Crest Width n: Porosity
k: wave Number H:wave Height

& Surf Similarity Parameter

Kt(n): Transmission Coefficient of SPB

PEF: Porosity Effect Factor
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Preliminary Results - A Sample Simulation

H=0.12m " .
T=111m Offshore Boundary —Initial Profile __ MWL
---n=04 ----n=0.0
T 0 2 a4 6 8 10 12 14
0
c 12m - 12m 0.1
S Rc =0.02 m g 02
E 0.3
AY 7.8m @ -0.4
X Shoreline 0
- 06 )>( Cross shore distance
30m Zy
Plan View of the Breakwater Accretion in the lee of the breakwater
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4.

Breaching of Coastal Barriers under
Extreme Storm Surges and Implications
for Groundwater Contamination

ex|ceed DAAD

Deutscher Akademischer Austausch Dienst
German Academic Exchange Service
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Breaching of Coastal Barriers under Extreme Storm Surges
and Implications for Groundwater Contamination

S.M. Elsayed
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Problem Statement — Knowledge Gaps

Problem: Current breaching models (e.g. XBeach) overestimate erosion volume

1 Effects of Particles Interaction on
Critical Shields Parameter:

Critical shear stress calculated based on
Shields curve is underestimated

= particles interlocking
» biological stabilization
» no mathematical model available

O Effect of Wave Skewness and
Asymmetry on Sediment Transport
» need to improve the exiting model

Storm surge

 Sea (storm surge)

Barier
breaching\™

” Flooding

Estuary (storm surge + river discharge) ‘i

U Coupling Breaching, Flood and
Infiltration Models
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Oumeraci et al. (2015)
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Objectives

Overall objective: improvement of the knowledge of the processes associated with
breaching and inundation of dune systems including saltwater intrusion

Revetment crest
Revetment toe

Specific objectives:

1) Assess XBeach performance based on
reanalysis of GWK-tests (Wangerooge
dune erosion) and further available data

i) Improve/extend and validate XBeach to
simulate both breaching and inundation

i) Coupling Breaching/inundation model
with infiltration model to simulate
saltwater intrusion

Iv) Validation of overall model and

=1
L 1
.

Increase of overtopping rate

Calculated dune regression (m)

=
. . . 5 . 2
application for selected site = Gt i e
0 T T T T 0
0 5 10 15 20 25
o,qm?,% Observed dune regression (m)
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Original XBeach and Extensions/ Modifications (Overview)

Original XBeach —> Modifications —> New parts
Roelvink et al. (2009) (This study) (This study)
Wave < |
Particle Interaction Propagation Nonlinearity Effect
(Shields Approach) Van Thiel de Vries (2009)
Flow Field
> . <
: »| Erosion Process | |
Formula for Formula for Onshore
Particle Interaction Bed Profile Sediment Transport

The extensions are:

» Implementing/Validating XBeach for coastal inundation

= Coupling XBeach as a breaching/ inundation model coupled with an infiltration
model to describe salt water intrusion in groundwater induced by flooding.
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Results of Extended XBeach Model: (GWK Tests)

Portion to be reproduced by X]?ﬂ
W AVE INAKE]
. Profiler (2D)

WP5 - WP WPY —WP12
L WX )

3 Stereo Cameras
e TR e

2D Laser 3D, Laser

Ultrasound sensors 1—§ _

Foreshore model Dunes model I

—_—
1 Stereo Camera and 1 Video camera

—— X -direction
x=0m

6.5 T
—Intial profile
7 —Final GWK profile
[T {I AT ” 4 —Run by de'fapult XB
6| =-—activating dilatancy effect
===gsabeta=4.41+facpi=1
------- asabeta=4.41+facpi=1+dilatancy|
------- asabeta=4.41+facpi=1.1
asabeta=4.41+facpi=1.2
——asabeta=4.41+facpi=1.5
—asabeta=4.41+facpi=2.0

5.5f-mee

Bed and water levels(m)

Experimental Profile

1
3 '?0 75 80 85
Cross-shore distance(m)

| Beach slope steepness affects sediment transport I
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Results of Extended XBeach Model: (Santa Rosa Island)

Post-storm LIDAR data

Pre-storm LIDAR data
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No Data
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Q

DD 1000 2000

Alongshore distance (m)

00 1000 2000

Alongshore distance (m)

H
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Bed Level (m+ MSL)

Measured Data
McCall et al (2010)

Numerical Data
Current study

58 ar\ e T
f" -\O‘ﬁ} ‘Al __ Do

_evqr HurrlcanM
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)Before Hurricane I\:}u :

Soil compaction has a significant influence on particle interaction and therefore

sediment transport and coastal erosion
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5. Application of XBeach
for the Flood Directive in Denmark

{(: Kystdirektoratet

Danish Coastal Authority
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Application of XBeach for the Flood Directive in Denmark

D. Schirenkamp

Hazard and Risk Maps for the 2"d Step
of the European Flood Directive in
Denmark

Application and adaptation of existing |/
tools (from XtremRisk, Oumeracietal. | s
2015) to flood prone areas in Denmark ||
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Objectives

Overall objective: preparation of risk maps for the coastal region Kgge, Denmark

Specific objectives:

1) Assessment of coastal protection structures

i) Design of wave and sea level scenarios

i) Modelling of beach and dune erosion/failure

Iv) Determination of wave overtopping rates

v) Coupling breaching and inundation models

vi) Determination of water level/velocity in flood
area
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Methodology

OVERWASH <«— XBeach 1D Model

—

water level >
YES NO dune crest height

4

OVERTOPPING | EurOtop (2007)
|

v v wave runup >
VES NO dune crest height
v — 2 v
Profile series Ovlertoppmg No failure
discharge

2 ¥ L

MIKE 21 Hydrodynamic Model
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Results

Numerical Modelling with XBeach and MIKE21

= Dune profiles
= Wave runup and wave overtopping rates A
* |[nundation area including water level and |
velocity e e
» Hazard and risk maps ,,./ |
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6. Zusammenfassung und Ausblick

Modellierung der Morphodynamik
» Vielseitigkeit durch Modellkopplung
= Vorsicht bei der Auswahl des geeigneten Modells

Erfahrungen aus der Modellierung (XBeach, Delft3D)

» Grol3e Unsicherheiten der Ergebnisse durch
Vereinfachungen und Vernachlassigung einiger
Prozesse

= Trotzdem sehr hilfreich flr Vergleichsanalysen und
Parameterstudien

= Schneller Transfer neuer Forschungsergebnisse in die
Praxis durch Implementierung in Open Source
Modellen
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