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LOF = limits of transition zone & GWT = Pre-flooding water
table & MSL = Moderate sea level

Main motivation: Need for systematic research on coupling these processes to achieve a fully coupled model for
the assessment of the safety of natural coastal barriers and possible implications for groundwater contamination.

36TH INTERNATIONAL CONFERENCE
ON COASTAL ENGINEERING 2018

A\ Baltimore, Maryland | July 30 — August 3, 2018

2010



Objectives and Methodologies

NILg

3;3'1&‘% Technische
< A |
%

4 0f 17
oA

'Q“‘?

7, v
Yxscw

Overall objective: Improve the knowledge of the processes associated with the breaching of dune systems,
including the coupling of the breaching, inundation and saltwater intrusion models so that an integral model
can be developed that accounts for the mutual interaction among them.
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Specific objectives:

i) Assess XBeach performance based on reproduction
of 17 GWK-tests (Wangerooge dune erosion).

ii) Improve/extend and validate XBeach to simulate
both breaching and induced inundation.

iii) Couple XBeach with an infiltration model to
simulate saltwater intrusion (SWI).

iv) Examine suitability of subsurface drainage as a
counter-measure to shorten remediation time after
contamination.

v) Apply the overall modelling approach to a pilot site.
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Phase 1: Selection of a breaching model Al Braunschweig

Main Purpose: Identify the hydro-geo-morphodynamic processes associated with breach initiation and development, so
that the most appropriate breaching model can be selected.

(a) Barrier (dune) crest (Dpign)

. The hinterland
Barrier (dune) base (Dyqy)

High run-up level (Rp;g,)

Storm-tide level

(b)

Barrier crest Barrier crest

Storm-tide level

Storm-tide level

Rhigh< Diow
Swash regime

Diow < Rhigh< Dhigh
Collision/Impact regime

Storm-tide level

Storm-tide level

Barrier crest

Ruigh > Dhign & Riow < Dpign
Overwash regime

Barrier crest

Riow > Dhign
Inundation regime

-
oo o -
‘l_ o S i)

o
‘ . iy
TN e p,’,,...',- -
- = - -

;M 1“w

36TH INTERNATIONAL CONFERENCE
ON COASTAL ENGINEERING 2018

Baltimore, Maryland | July 30 — August 3, 2018




WILE
6 0f 17 g%é "é% Technische
g A2 %E Universitit

Phase 2: Assessment of XBeach performance ‘%%;;ﬁ Braunschweig

Reproduction by XBeach of 17 laboratory large-scale tests (GWK) with a wide range of overtopping rates for Wangerooge Island
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Result: XBeach overestimates beach/dune erosion: Overestimation increases
with higher overtopping rates and with less dune offset .
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First Improvement: Nonlinearity effect on sediment transport in the surf-beat mode of XBeach

The surf-beat mode implicitly included using a virtual flow velocity u,
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Onshore sediment transport depends on the average beach steepness Ss.
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Phase 3: Improvemnt of XBeach 728 Braunschweig
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Sediment stabilisation increases the critical shear stress
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Validation of Improvements : 3 validation cases. Here only two of them

GWK tests Erosion of Santa Rosa Island under Hurricane Ivan
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Result: Improved XBeach model can adequately predict erosion rates, breaching dimensions and thereby inland discharges.
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Phase 4: Combined modelling of breaching and induced inundation o a  Braunschweig

What occurs when breaching and induced inundation are simulated separately?
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Separate modelling leads to incorrect results of flood propagation in the hinterland.
| = L 36TH INTERNATIONAL CONFERENCE
T S — ON COASTAL ENGINEERING.2018

Baltimore, Maryland | July 30 — August 3, 2618

«
2010



110f 17 [
7%

Z&"s_-, Technische
v 2z . TR
G %@j Universitit

Phase 4: Combined modelling of breaching and induced inundation 3’3 Braunschweig

Is XBeach able to simulate both breaching & subsequent inundation?
Yes, the study has demonstrated the applicability of the Generalized Lagrangian Mean (GLM) for both
nearshore hydrodynamics and flood propagation in the hinterland
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XBeach can be applied for both breaching & subsequent inundation in coastal and fluvial environments.
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In the previous research phases, infiltration of saltwater into freshwater aquifers was omitted
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Besides direct/indirect damages induced by coastal floods, infiltrating seawater contaminates the
originally freshwater aquifers
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Case study near Bremerhaven
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Phase 5: Implications of coastal floods for aquifers contamination ‘%i;ﬁ Braunschweig
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Conclusions (Take Home Messages) 3¢ Braunschweig

1. Onshore sediment transport depends on skewness and asymmetry of nearshore waves.
Moreover, it depends on beach slope steepness as demonstrated in this study.

3. Sediment transport depends also on the degree of sediment stabilization

4. Critical shear stresses calculated using the common Shields criterion are often underestimated for highly stabilized
soils, leading to overestimation of erosion.

5. Breaching of coastal barriers results in widely extended marine floods that lead to direct and indirect damages.

6. Coastal floods might lead to significant environmental damages due to infiltration of seawater into groundwater aquifers.

7. A coastal flood for a few hours might contaminate coastal aquifers for decades.

8. Costs of SDSWI as an environmental damage should be considered in future flood risk assessments as SDSWI might hinder the
sustainable development in coastal zones.
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