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A morphological modelling concept for long term nearshore morphology is proposed and examples dt#scapate

presented and discussed. The model concept combines parameterised representations estibecamumphology, with a

2DH area model for waves, currents and sediment transport in the surfaanparaméerization schemearetested for

two different morphological phenomena: 1) Shoreline changes due to the presence of coastal structures and 2) alongshore
migration of a nearshore nourishment and a bgpdssing a harbour. In the case of the shoreline evolution calculations, a
concept often sed inoneline modelling of crosshore shifting of an otherwise constant shape eshese profileis

applied for the case of a groyne and a detached breakwater. In the case of alongshore bar/nourishment migration an
alternative paranterizationis adgted. All examples are presented, analysed and discussed with respect to the question of
realistic representation, time scale and general applicability of the model concept.
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INTRODUCTION

Shoreline morphology is the result of nearshore waves and currents acting on the coastline. Due to
breaking of the waves and the currents generated closigetshore, longshore sediment transport is
generated, and redistribution of theabk material will occur along the shorelindrom updrift areas,
where the beach is eroded and the shoreline retreats, to downdrift areas, where the eroded beach material is
accreted. Erosion corresponds to increasing longshore transport, whereas racooetgsponds to
decreasing longshore transporg. ithe shoreline evolution is connected to gradients in the longshore
transport rates. In order to assess the long term evolution of the shoreline models for these phenomena must
be formulated.

In order toformulate useful shoreline evolution models several issues have to be dealt with. Firstly a
guantitative model for describing the longshore transport is needed. This includes the issue of incorporating
the main physical mechanisms most important for timgshore transport and the alongshore gradient in
the transport. Secondly a way of coupling the sediment transport and the changing shoreline morphology
must be formulated. Thirdly the issue of computational Simeuld be dealt with i.e. the model should be
able to producelausible results within eeasonable (CPU) time horizon
Furthermore, it is important tassess thsituation to be modkdd, in order to make sure that the model
resolves the physics governing the specific case (different impostarnples could be: Long term
predictions of the effect of coastal structures, assessment of effects of changes in wave climate or the effect
of beach nourishments on the coast).

The problem of formulating a plausible shoreline evolution model can beambha in different ways.

In the following a short summary of the most common model types for calculating shoreline response is
given, to give the relevant background for describing the shoreline model concept which is the subject of
the present paper.

Simple one-line models

The oneline model assumes that the shape of the coastal profile is maintained, and that continuity is
obtained by shifting the entire creskore profilei shift in the onshore direction corresponds to erosion
and shift in the offshordirection corresponds to accretion. This parameterization of the morphology yields
the following version of the sediment continuity equation:
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where Y, ... is the shoreline position relative to some predefinedgshore axisp is the porosityQ is

the solid volume sediment transport in the alongshore directiom.grid the active height of the profile.
This simple relation was first proposed by Pelr@mhsiderg1956).

The sediment transport adels typicdly implemented in ondine models determine the longshore
transport rate at a given point on the shoreline adopting the local wave climate and the local shoreline
orientation, and dodbereforetypically not incorporate memomsffects from updrift locatios.

Some tansport formulations used for ofine modeling are empirical formulas (e.g. the CERC
formula) while other are more complex models based osmsudels of the physicglrocesses, Deigaard et
al. (1986. In the latter case the sediment transj@italculated on the basis of an actual coastal profile,
which - combined with the assumption of alongshore uniformity in all flow qtiesti transform waves
from offshore to the shoreline (refraction, shoaling and breaking), calculate a longshore ariveanby
gradients in radiation stresses and model the concentration of suspended sediment in combined waves and
current, to finally obtain the croshore distribution of longshore sediment transport. Integration across the
profile of the longshore tresport then gives a longshore transport rate that can be ssegu to the
shoreline model.

Common for all of the longshore sediment transport models (being it empirical or process based ones)
typically used in ondine modeling, is that effects of la norruniform wave fields (e.g. causéy coastal
structures or offshore reefs), current inertia and refraction, streamline contraction and flow recirculation
are not inherent in the models. These effects must be included through explicit schemess eitimgie
reduction factors on the transport or by modifying the wave climate locally due to refraction and/or
diffraction (Hanson 1989, Alkyon Hydraulic Consultancy & Research 2003).

N-line models

An interesting extension of the shoreline model is thiee model or multiayer model, in which the
coastal profile is schematised by a series of lines/layers. The layers are mutually coupled through a cross
shore transport formulation, which will force them towards an equilibrium configuration. The longshore
transport is determined for each point along the shoreline and for each layer based on the angle between the
incident waves and the local orientation of the shoreline normal. T2 rmodel concept has been
developed in order to handle credsore trangort in the simplified shoreline models, and examples of this
are the model of Bakkéd 969 and the PonTemodel by Steetzel & Wang.

2D area models

A second class of morphological models is the 2DH/Q3D area models. In these model types the
determination bwave and flow fields are typically based on phase averaged formulations, which allow
larger time step increments compared to phase resolved models.

The 2DH area models typically calculate the transformation of wave energy, wave angle and wave
period fran an offshore boundary to the shoreline (wave refraction, shoaling, diffraction and breaking),
and use this information to drive a flow moddloth over a given bathymetiyto give the depth averaged
current field in two horizontal dimensions. Basedthe areal distribution of wave characteristics and
current field, the areal distribution of the sediment transport field is evaluated. The divergence of the
sediment transport field over each computational cell gigtle rate of change of the local beuddg which
is used to update the morphology for the next time step.

Different approaches to calculate the sediment transport in these model types are reported in the
literature, ranging from empirical formulas (see e.g. Soulsby 1997, Roelvink et al.t@08&)histicated
intrawave, quasBD models for the local hydrodynamics (undertow, streaming, wakent boundary
layers, wave generated turbulence, etc.) and sediment suspension, to get the total sedimen{$smsport
e.g. Fredsge and Deigaard 1R92

Common to these model types is that they are astis the case in the ctire model- bound to the
assumption of alongshore uniformityut includeeffects of noruniformity in the bathyretry andthey may
also incorporate the presence of coastal 8iras sheltering/reflecting the waves and block the currents.

In principle such a model type would yield a very good basis for simulations of the detailed
morphological evolution around say a breakwater, and has proven in many cases to give goodeesults ov
shorter time scalee(g.Brgker et al. 2007Drgnen and Deigaard 2007There are however some inherent
issues that have to be solved before the model type will be feasible for long term simulations. First, the
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CPU time is still a limiting factor wherunning such a model for many years and decades. Furthermore,
the crossshore profile may degenerate when run over a long period of time, and will in all cases need a
large degree of calibration to produce reasonable results. Also discussions on thieahutiflrsion,
numerical instability (Johnson & Zyserman 2002, Callaghan et al. 2006) and numerical stiffness add some
guestion marks to the applicability of this model type for long term morphological runs.

INTRODUCTION OF THE MODEL CONCEPT

In the presenpaper a model concept is formulated as a hybrid of the detailed 2DH area model (for
waves, currents and sediment transport) and a geometric simplification and hence parameterization of the
morphology the oneline model is an example of this).

The mainidea is to use a 2DH area model to represent the hydrodynamics and the sediment transport
over a generally neaniform bathymetry including effects of blockage of waves/current by coastal
structures- and to couple this information with a morphological afdg scheme based on a simplified
parameterization of the morphology.

The oneline model concept is one exalmpof a parameterized morphologicetheme used for
shoreline evolution, but the basic idea can be used to construct other morphological paetiness
either when approaching different morphological phenomena or if sophisticatiortke obneline
parameterization argought Generally, the main challenge for the méeiein the present model context is
to choose a parameterization of the nmipgy that resembles the real morphology the best.

In order to connect the two motialy approaches, the morphological evolution is determined on the
basis of the crosshore integrated longshore sediment transport, and the update of the morphology from
one time step to the next is carried out by updatingingle or fewmorphological parametenshich
characteris¢he coastal profileather than the bed level in individual mesh elements.

Figure 1. The 2DH sediment transport field determined by a 2DH model is converted into a 1D longshore drift by
integration of the transport along coastal profiles.

The same ideas were in principle used by Hansen et al. 2005 to studydithemsional bar
morphology, and the present study candensas a continuation of investigating the principles used in that
study.

In the present paper two different morphological parameterization schemes for two different situations
have been testedShoreline response is calculated usiagsheme similar to the oneline model
Alongshore migration of bars and nourishmests calculated usingn alternative scheme, where the
morphology is parameterized differently to resolve that specific situation

Given the simplifications introduced by the parameterizatichemorphology, the model concept has
several advantages seen in the context of long term hragel) The 2DH models give a more realistic
description of the horizontal spatial effects on the flow and sediment transport compared to thergmple
line models, 2) long term degeneration in the crglssre profile is avoided and 3) CPU time is
significantly lower compared to a full 2DH/Q3D morphological model.
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Implementation of the model concept

The model concept is in principle not bound to any specd@stal modekystem The numerical
implementation presented here is based on a combination of scripts and functions interacting with the
coastal model system MIKE21 FM from DHI. The coupled model system of DHI consists of a spectral
wave module MIKE21 SWiwhich solves a transport equation for the wave action density, a 2DH depth
integrated flow model MIKE21 HD/FM that solves the Horear shallow water equations and a sediment
transport module MIKE21 STP, which calculates the sediment transport baseé walubs of local
hydrodynamic quantities.

A

Create computational domai
v

Run 2D numerical model
e.g. MIKE 21 FM

v

Extract 2D ST field

v

Convert 2D ST field to 1D
ST field

v

Update coastal parameters i
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Figure 2. Flowchart of the morphological model

The model systenis used to determine the 2DH sediment transport field, and the morphological
feedback is performed by creskBore integration of the longshore transport, updatimg t¢oastal
parameters and writing the updated bathymetry to a new mesh file. The morphological loop is closed by
callingthe modelsystemonce again

APPLICATION OF THE MODELi SHORELINE EVOLUTION

The model concept is applied to the case of shoreline émolatound coastal structures. Two cases
are considered where an idealized coastline is interrupted by a coastal structure: In the first example a
groynefield is considered and in the second example the caseaffshorebreakwater is considered.

Coastline evolution around a groyne field

A groyne field is used in the first example. It is assumed that the form of the coastal profile is
maintained throughout the domain. The morphological feedback is thus introduced by shifting the shoreline
in the on/offshore direction depending on whether there is erosion or deposition, as indicktgdras.
The rate of ofloffshore migration of the shoreline is determined from the 1D continuity equation given in
eqn. 1.

Figure 3.The form of the coastal profile may be maintained, while satisfying sediment continuity by shifting the
profile in the on-/offshore direction.
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The result of applying the morphological model to a groyne field, where an infinite number négroy
are represented by periodic boundary conditions on the lateral boundaries, is shégured. A wave
climate consisting of 2 waves approaching the shoreline #tbndeg and-25 deg from the initial shore
normal is useda positive angle means that the wave direction is rotated anticlockwise compared to a
shorenormal approach The significant wave heightis in both wave conditiond.5 m at the offshore
boundary, and thpeakwave period is 7 s. The groyne is long compdeethe surf zone width. The 2DH
transport field is indicated in the two bottom panels as black vectors, while the longshore variation of the
integrated longshore drift is shown in the top panels. Both figures show that the groyne decreases the

transport l@ally i becoming zero at the groyne locatioand that the transport recovers downditiii
groyne.
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Figure 4. Morphological evolution around a groyne in a groyne field (periodic BC on West and East boundaries).
Left panel: Initial bathymetry, Right panel: Equilibrium bathymetry. Colours indicate the bed level in metres. The
top panels show the instantaneous long shore transport.

The morphological evolution of the shoreline in the groyne field seems reasonable, because it features
upstream accretion and downstream erosion as would be expected for this prbidemquilibrium
conditions are according teigure 5 obtained after approximately 4 monthelfact that the model is
capable of determining an dtjorium solution for a given forcing is interesting because the method may
be used to quantify the effect of the groyne field on the shoreline for different gcoyfigurationsin
different wave climates.
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Figure 5. Temporal evolution of the shoreline (rms-value). Equilibrium conditions are obtained after

approximately 4 months.



It should be noted thatas is the case in alineline modelling- the form of the crosshore profile is
maintained throughout the domain and simedatime, and the model will quantify the morphological
change only within the restrictions imposed by the modefessible further development could involve
changes to the coastal profile, such as steepening on the upstream side and flattening onstheadow
side or development of local erosion at the groyne head.

Coastline evolution behind a breakwater

The next example illustrates the shoreline evolution behind a detached coastal breakwater. The
breakwater is constructed on an idealized uniform doastnd subject to a varying wave climate
consisting of three waves with the wave directions +10 deg, +5 de® aed). The significarwave height
is 1 m, and the peak wave period is 7 s. The breakwater is positioned in the middle of the activéagart of t
coastal profile, which means that using the same method for updating the shoreline as was done in the case
of the groyne, will effectively result in the profile penetrating the structure as the profile movdsf
i.e. introducing a flux of sedimérthrough the structure. The sediment flux through the structure is avoided
by preventingthe modelfrom changng the bathymetry on the farshore side of the structure in profiles
where the breakwater is present Begure®6.

Figure 6. Sketch of a coastal profile where all morphological change is inhibited on the farshore side of a coastal
breakwater. The active height of the coastal profile decreases when the shoreline advances. Continuity is
therefore obtained through numerical solution.
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Figure 7. Shoreline evolution behind a breakwater subject to waves from three different directions. The net
transport is to the right. A zero sediment flux is imposed through the break water. Colours indicate bathymetry in
metres.

The result of using this simple method is shownFigure 7. The bottom panel shows the 2D
bathymetry after equilibrium has been reached. The result shows a formation of a tombolo planfadm behin
the breakwater. The planform is asymmetric due to the asymmetric forcing from the waves, and
downstream erosion is predicted, up to a distance of 300 m from the structure. The top panels compare this
solution with a solution obtained where the sedimknt through the structure is allowed. The comparison
shows that that model predicts a decrease in timescale of the morphological development due to the
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reduction in active height of the coastal profilehich is expected. Furthermore, the maximum acanetio
of the shoreline behind the breakwater increases because the bed leted tarshore side of the
breakvater is maintained.

The example shown iRigure 7 represents a case where an increase in-stum® complexity of the
morphological evolution improves the result significantBromising tests have also been performed with
an additional increase in model complexity, where it was made possible for sediment to bypass in front of
the structure. The profile offshore of the stuuet could also evolve, and if the depth was small enough
sediment transport would happen offshore of the breakwater.

SIMULATIONS WITH PROFILE EVOLUTION

In order to apply the model concept to a wider rangeroblems, a simple extensias proposed,
where the longshe transport is integrated over paftthe coastal profile. The morphological evolution is
similarly restricted to this locgbart of the profile The extension is visualized irigure 8, where the
amplitude of a bais updated.

Q bar

Figure 8. The model concept is used to update local features on the coastal profile. This allows the model to be
used on a broader range of problems.

Morphological evolution of a shoreline nourishment

The model isapplied to a case where beach nourishment is performed on an otherwise straight coast.
The crossshore extent of the nourishment is assumed to be limited to the area around the shoreline, as
indicated inFigure 9. Furthermore itg assumed that the nourishment consists of sand which is similar to

the existing sand, and that the nourished sediment is only redistributed in the longshore direction.
Nourished coastal profiles
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Figure 9. Sketch of the variability of the beach nourishment. The blue line indicates the initial profile in the
nourishment area.

The nourishment is subject to a constant wave climate with a significant wave height of 1.5 m, a peak
wave period of 7 s, and waves approachtimg shoreline from+10 deg.In a classiconeline model he
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solution to this type of problem is a diffusive redistribution of §Hent formed by the nourishmenthis
is because the 1D model will predict thansport to be only a function of the coastline orientation and
predict thesame trasportrateon a nornourished profile as it would on a profile arcentrakection of the
nourishmentFigure 10 shows the model predictiormmediatelyafter constructionthe model predicts a
rapid diffusive redistribution ofe nourishment at thisvo ends othe nourisked area in the same manner
as would be expected from a classic 1D modéth time the variation irthe longshore transpdoecomes
distributed over the entire length of the nourishmant the whole nourishmemigrates in the dowlrift
directionwhile it is still being smoothed ouThe movement of the centroidf the nourishment showss
constanmigration rate of 0.9 m/dafpr this configuration
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Figure 10. Time stack of the simulated longshore transport and the nourishment volume. Black curve: Initial
condition, Blue curve: Final condition.
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It is importan to describethe life time of a nourishment This may bedone in terms of the remaining
relative volume of nourished sedimenttlwin the original nourishment areBeanet al. (1992 show that
thelife time of a nourishment is dependent on the length of the nourishment. A long nourishment will have
a substantially longer lifégime than ashorter butotherwise similar nourishmenEigure 11 shows a
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comparison between different nourishments. The only difference between the nourishments is the length.
The volume of the nourishment per unit length is constant, and the total volume is therefore proportional to
the lengthThe model clearly predicts an increase in life time for the nourishment as the length is increased
T which is expected.

Alongshore migration of a bar

The model concept may be applied to a namplexproblemlike the alongshore migration of a bar.
In the case consided an alongshore unifornbar is present at the upstream end of the donfdia bar
extends into part of the domain and there willldrge gradients in the lgshore transport along the bar
which will grow into the domain Constant wave conditions are given at the offshore boundary with
significant wave height & m,a peak wave period & s andhe angle between the approaching waves and
the shoreline normal i849 deg

Due to thesteady supplyf sediment into the domainom updrift the bar will growin the dowmrift
direction. The model addresses thaestiors of the migration rate and the shape of the growing Dlae.
sediment transportear the tip of the bar described fronmhe pattern bthe depth integrated waxdriven
currents As a first approaclthe crossshore location of the bar inside the domiaitherefore determined
from the flow field,which in turn to a large degree is determinedhslocation of the baatthe upstream
bowndary of the modedomain. The crosshore migration of the bar is therefore determinedthsy
streamlineextending from each sid# the bar on the upstream boundasyindicated ifFigure12.
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Figure 12. 2D plot of the initial bathymetry with an alongshore migrating bar. Colours show bed level in metres,
and the three black curves indicate streamlines which define cross-shore forcing of the bar.

The crossshore position of the bdollows a simple response function which resembles that was used
by Plantet al. (999 and Hansen et aRQ®b).
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wheres,, represents the croshiore location of the bas;eamis the crosshore dcation of the streamline

and Tg,eiS atimescalewhich remains to be spdieid. Plantet al. 1999 suggests thal/Tg4e Should be a
growing function of the incident wave height, because larger wave heights will lead to a larger intensity of
the crossshore transport. The immsity of the longshore transport may also be used as proxy for the time
scale of crosshore movement. In this simple example where the wave climate is constant the time scale
for the crossshore movement is taken to be a function of the bar volumhe T, is therefore selected

such that it spans the range from zero (in practice one time step in the morphological model) to a user

(Sstream' Snar) (2)
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specified maximum valu&* .. In this simulation a value of 15 hours has been used*gqr. The bar
will thus reactinstantly to the streamlines for profiles where the bar height is zero, and it will react
according tor* s, for profiles with a volume corresponding to the updrift bar.

Initial bathymetry Bathymetry after 45 days
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Figure 13. Comparison between the initial bathymetry and the bathymetry after 45 days of simulated time.
Colours indicate bed level in metres. The blue scale defines an r-axis which runs parallel to the shoreline.

The simulation result is illustrated Figure13. The left panel shows the iratibathymetry while the right

panel shows the bathymetry after 45 days. The figure shows that the model predicts an alongshore
migration of the bar, and that the bed level along the bar crest is maintaindelg(sexl4). The cross
sectional form of the bar is maintained because it is prescribed in the same manner as it was for the
nourishment shown ifrigure 9. This increases effectively the stability of the model and makes it more
robustand applicable for long term simulation. The alongshore migration of the bar is approximately 16
m/day.

E a
|
N |
26k | .’{\\ i
J/ \’\
28 / ]
/ \/
a2l g i
o 2 --------- L I 1 1 1 L
-400 -200 0 200 400 600 800

r(m)

Figure 14. Longshore configuration of the bed level after 45 days of simulation. The bed levels are shown along
the bar crest (red curve) and the corresponding bed level for the original unbarred coastal profile (black curve).
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The smooth variation of the creskore position of the bar is a direct result of using streamlines to
determine the crosshore forcing. Over the head of the bar ttieasnlines are deflected towards the shore
because the onshore forcing by radiation stresses cannot be balanced by the wavalsee. A
circulation current is rather generated, which drives a net onshore current over the head ofThe bar.
morphologcal model forces the head of the bar to migrate rapidly onshore during the first couple of days,
after which the distance from the shoreline to the head of the bar reabaiostconstantas shownn
Figure15 where thebar positon is schematised at differetithe steps

320
300 ———
e
2801 - TN Ty
_. 260 :
E 0.0
= 6.1
? 240l 12.4 ‘
18.6
24.9
i 31.1 ]
220 374
436
200 ———
e |
e
180 : : :
-400 -200 0 200 400 600

r(m)
Figure 15. Schematic representation of the bar position at different time steps. The numbers in the plot indicate
the number of days simulated. The r-axis is the longshore axis, and the s-axis is the cross-shore axis.

The lack in crosshore forcing from undertow means that the trunk section of the bar does not return
to the same crosshore position as its on the upstream boundaryhe position of the bar can be
maintained by introduog af or ci ng of the bar t eswhaorrdes ptohsei tfi eeqnuwi |fiobi
profiles away from the head of the bar resulting in the solution shovaigure 16. The added forcing
towards the equilibrium position is of the form:

MSoar 1
— _T_(Xmea Seq1Sstream)+(l_ X)Sstream_ SJar) ©)
Ht scale
3 represents an blending function which reduces the ¢
SeqiS the equilibrium position of the bawhich is determined by therossshoretransport The functions- i s

set tovary linearly between 0 aridin the first200 mupstream of the bar front
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Figure 16. Schematic representation of the bar position at different time steps. The numbers in the plot indicate

the number of days simulated. Blue dashed curve: Bar position when following streamlines (result from Figure

15). Red solid curve: Bar position with an added forcing towards the upstream cross-shore position.

The result of the added cresBore forcing is that the bar now migrates into theaa with a constant
planform as indicated ifrigure 17. The result is obtained throughrale-basedforcing based on the
assumption that fathe given wave conditions an equilibrium position exists for a longshoreabdthat
tends to return to this position.
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Figure 17. The form of the migrating bars. The effect of the added cross-shore forcing is that the bar now
migrates into the domain with a fixed planform. The origin of the horizontal axis is at the instantaneous position
of the bar front. Blue dashed curve: Bar position when following streamlines. Red solid curve: Bar position with
an added forcing towards the upstream cross-shore position.

Bypass of bar at a harbour

A simulation of the morpHogical development of a bar that bypasses the harbour Hvide Satie
Danish Noth Sea coasis performed in order to determine whether the streamline appestribed
previouslygivesreasonableesults This particularproblem has been examined Gyunnetet al.(2009 in
a study to investigata revisedharbour layoutwith improved conditions fobypass of sedimentn the
original work of Grunnet et 2009 the 20H/Q3D model was validated against field measurements from
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several storm events. Oé these events is selected, where a single bar bypassed Hvide Sande harbour
during 5 daysn 2003

In this case the morphological evolution on a real coast with a complex bathymetry is simulated. The
coast is not easily parameterised due to the marked variation in coastal profiles at the open coast and those
at the harbour. Té» morphological development of particular interest for this problem is however the
migration of the longshore bar. The coastal parameters being updated are Hsh@regosition of the bar
and the bar height. These parameters may be used to desceleltiin of the bar over the domain. The
bar is therefore added onto a baseline bathymetry which essentially is the initial 2D bathymetry where the
bar feature is removed in the active part of the domain,Fsgere 18. The barparameters are then
reconstructed corresponding to the initial bathymetry before the storm. The reconstructed bathymetry is
very close to the initial surveyed bathymetry, and contains the same volume of sediment in the bar.
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Figure 18. A baseline bathymetry is constructed where the bar features on the active part of the profile are
removed. Colours indicate bed level in metres.

The motivation for using thbasline bathymetry is that the complexity of the coastal configurason
easilymaintained while the bais allowedto migrate freely over the bathymetfijhe simulation with the
model describesnly the dynamics of the bypass bar and does not reflect otfenges in the coastal
profile.

Figure19 showsthe surveyed conditions after the storm together with the relstalined from Grunnet
et al.(2009 and that obtained with the present model concept. The hebd bét is initially located at the
100 m mark on the fsoordinate systm shown in the figure. During tleday storm with wave heights up
to 4.5 mthe bar migrated approximately 400 m

The features of the baimulated by the present modeksemble thosseen inthe survey (and in the
more detailed morphological simulationyhere the bar tends to turn towards the shoreline, and the cross
sectional form of the bar seems to be maintaifiéére is a tendency for thgbrid model to move the bar
too far onbkore possibly because theffect of crossshore sediment transponprocessesas not been
consideredThe bathymetryis quite complexand almost continuous dredging is carried out. It is therefore
not possible to prescribe an equilibrium location forlifipass bar and only the streamlines have been used
to detemine the evolution of the pl&rm of the bar.

DISCUSSION AND CONCLUSIONS

A morphological modelling concept has been developed, which uses detailetimemsional area
models to describe the wayecurrent and sediment transport fields. héh making the morphological
update the evolution of the coastal profile is restrained by allowingamihgleor few degrees of freedom,
such as the coastline position or the volume/position of a bar. The morphological evolution is therefore
based on integtad sediment transport rates and +#odsed descriptions of the profile evolutiorhe
concept trieghusto bridge the gap between existidgtailed twedimensional morphological modedsd
simple oneline modelsfor the coastline evolutioThe primary notivation of the concept is t{d) improve
the calculated longshore transport compared to that determinedrniwemional 1D transport models and
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(2) dllow simulations over longer time spans by restrainthmy distortion of the coastal profile whiclften
occurs intwo-dimensionamodels.

Figure 19. Comparison between surveyed and modelled post storm bar configuration. The pre storm bathymetry
is also shown in the top left panel. All colours indicate bed level in metres.

In the calculation of the longshore transpbe thodel includes more physical procesbas oneline
models for coastline evolutiorin the littoral drift models used with o#fi@e models the longshore
transport dependsnly on the orientation of the coastline relative to the incoming waves. In the two
dimensional models effects includate e.g.inertia effectdn the longshore currenborizontal circulation
currents effects of wn-parallel bed contoursn the wave #ld and thedeside effect of structures on the
longshore transport

In detailed morphological models the description of the esbsse transport is still not accurate
enough to make realistic simulations of the evolution of a coastal profile over ldngeTypically the
bars in a profile will be smoothed out or they will be too peakéd. bars will als@ftentend to migrate in
the offshoredirection only.For longer term modellingt ican thereforebe worthto abandonthe profile
modelling and usa schematized profile in the simulations and still maintain a realistic shape of the profile
during an extensive simulation period.

In addition the limitations put on the evolution of the coastal profile allows for much longer
morphological time steps compea to the refined twadimensional models. This will allow for longer



