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ABSTRACT

NUMERICAL MODELING OF
WIND WAVE INDUCED LONGSHORE SEDIMENT TRANSPORT

SAFAK, llgar
M.S., Department of Civil Engineering
Supervisor: Prof.Dr. Aysen Ergin
Co-Supervisor: Dr. Isikhan Giiler

July 2006, 88 Pages

In this study, a numerical model is developed to determine shoreline changes due to
wind wave induced longshore sediment transport, by solving sediment continuity
equation and taking one line theory as a base, in existence of seawalls, groins, T-
groins, offshore breakwaters and beach nourishment projects, whose dimensions and
locations may be given arbitrarily. The model computes the transformation of deep
water wave characteristics up to the surf zone and eventually gives the result of
shoreline changes with user-friendly visual outputs. A method of representative wave
input as annual average wave characteristics is presented. Compatibility of the
currently developed tool is tested by a case study and it is shown that the results,
obtained from the model, are in good agreement qualitatively with field measurements.
In the scope of this study, input manner of long term annual wave data into model in

miscellaneous ways is also discussed.

Keywords: Longshore sediment transport, Shoreline change, One-Line theory,

Numerical modeling, Wave hindcasting
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RUZGAR DALGALARI SONUCU OLUSAN
KIYI BOYU KATI MADDE TASINIMININ SAYISAL MODELLEMESI

SAFAK, Ilgar
Yiiksek Lisans, Insaat Miihendisligi Boliimii
Tez Yoneticisi: Prof.Dr. Aysen Ergin

Ortak Tez Yoneticisi: Dr. Isikhan Giiler

Temmuz 2006, 88 Sayfa

Bu calismada, boyut ve yerleri rasgele verilebilen kiyr duvarlari, mahmuzlar, T-
mahmuzlar, agik deniz dalgakiranlar1 ve kumsal beslemeleri varliginda, riizgar dalgalar
sonucu olusan kiy1 boyu kati madde tasintminin neden oldugu kiy1 ¢izgisi degisimlerini
kati madde siireklilik denklemini ¢ozerek ve tek ¢izgi teorisini esas alarak belirleyen bir
sayisal model gelistirilmistir. Model, derin deniz dalga O6zelliklerini dalga kirilma
bolgesine kadar tagimakta ve sonucta kiy1 ¢izgisinde meydana gelen degisimleri, gorsel
olarak kullanigh c¢iktilar halinde vermektedir. Yillik ortalama dalga &zelliklerinin
verilisinde, temsili dalga girdisi metodu sunulmustur. Gelistirilen modelin tutarliligi,
uygulamali bir caligmayla test edilmis ve modelden elde edilen sonuglarin saha
Olctimleriyle nitel olarak uyum icinde oldugu goriilmiistiir. Bu ¢alisma kapsaminda,

uzun donem yillik dalga verilerinin modele ¢esitli sekillerde girilmesi de tartisilmustir.

Anahtar Kelimeler: Kiyiboyu kat1 madde taginimi, K1y ¢izgisi degisimi, Tek ¢izgi

teorisi , Sayisal modelleme, Dalga tahmini
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PREFACE

Within the scope of this study, a numerical model is developed, based on one-line
theory, to calculate shoreline changes due to wind wave induced longshore sediment
transport, in existence of coastal structures such as seawalls, groins, T-groins and
offshore breakwaters. Main objective of this study is to acquire basic concepts of
coastal sedimentation, longshore sediment transport and numerical modeling of
resulting shoreline changes under wind waves. Numerical model is applied to an

existing case at Bafra in Black Sea coasts of Turkey.

Studies in recent years pay attention on environmentally more friendly methods of
shore protection. Therefore, beach nourishment is also discussed by using the

numerical model.

To comprehend wave-sediment interaction, an introduction to nature of coastal
sedimentation problems is presented in Chapter 1. In Chapter 2, a review of coastal
sedimentation studies and history of beach evolution models are given. Fundamentals
of one-line theory are discussed in Chapter 3, in details. Introduction of structures and
beach nourishment projects into the numerical model as constraints, are explained in
Chapter 4, together with basic assumptions and resulting limitations of the model. In
Chapter 5, effect of wave data input manner to a shoreline change model is discussed,
together with an application in a case study at Bafra. Recommendations for further

studies and conclusions are given in Chapter 6.

Xvi



CHAPTER 1

INTRODUCTION

We will end as sand grains
Equal all in size,

There must be an earth brain
Handling us quite wise.

Angela Kunz

Coasts are projected to be home to at least 3 billion people by 2025 ( Finkl, 1996 ) .
Not only by means of their aesthetical beauty in natural life, are coastal zones
indispensable also because of their economical potential with eternal resources and

expensive investments such as marinas, harbors, quays, etc.

Nearshore processes include several parameters such as waves, currents, tides and
also movement of sediments, which affect dynamics of coastal zones significantly.
Coastal sedimentation is one of the main concerns of coastal engineering profession
since sediment transport cause the movement of shoreline and change in the
nearshore bathymetry of coastal zones. Wind wave induced sediment transport
takes place in longshore (littoral drift) and cross-shore directions, first of which is
taken as the governing pattern in long term shoreline changes and related one-line
numerical models. Longshore sediment transport is transport of sediment in parallel
to the shoreline, which is assumed to be caused by waves breaking at an angle to the
shore and wave induced nearshore current circulation in one-line theory

(Figure 1.1) .
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Figure 1.1 Longshore sediment transport

1.1 Wave — Sediment Interaction

Sediment transport may cause erosion, accretion or stability in the shoreline. Erosion
is draw-back of the shoreline where opposite, the seaward movement of shoreline, is
called accretion. It is estimated that 70 % of the world’s sandy shorelines are eroding
(Davison et al., 1992), which shows the necessity of considering erosion as an
inevitable case and taking measures accordingly. First, causes of erosion need to be

summarized as follows (Hanson and Kraus, 1986a):

- Rise in sea level

- Increase in severity of incident waves

- Change in local magnitude and direction of incident waves, which is usually due
to construction of a structure in coastal system

- Interruption of drift by structures

- Loss of sediment supply from rivers

Kamphuis (2000) adds comminution as a major cause of coastal erosion since coastal
zones suffer from uncontrolled decrease in size of beach material as a result of

climate changes. In fact, excessive changes in shoreline, no matter it is erosion or



accretion, may cause damage of coastal structures and affect use of coastal zones and
resources negatively. Excessive erosion in a coastal system may even damage
nearby buildings, highways and other structures. There is a wide but blunder
impression that accretion is a less serious problem than erosion. However,
construction of an improperly planned groin at kilometers away from a harbour may
cause excessive accretion at the updrift side of the breakwater of this harbor, which
has several undesired consequences. Similarly, shoaling in inlet channels may

prevent safe navigation (Giiler, 1997; Giiler et al., 1998).

Understanding reasons of coastal sedimentation problems must guide a designer to
react by taking proper and optimized measures. Since these problems are inevitable
in majority of beaches worldwide, and relocating the buildings and infrastructure is
terribly wasteful, proper measures are obligatory to minimize their negative
outcomes. Any kind of structure on a coastal system may well be defined as a hard
measure, which provides no protection on adjacent beaches. On the other hand, using
sand for shore protection artificially is a soft measure. In case shore protection is
certainly required, the optimum solution alternative should be selected which is well
integrated with local processes and cause minimum interruption on natural life and
scenery. Accordingly, the coastal system must be well defined with sources, sinks in
the system without undermining the coastal scenery, natural life, flora and fauna.
Therefore, the first step in a coastal sedimentation study should be that, all structural

and soft measures are being assessed well and integrated properly with nature.

Yet, in spite of various efforts, prediction of shoreline changes due to wind wave
induced longshore sediment transport and therefore solution of coastal sedimentation
problems still contain some uncertainties. Long term morphodynamic response of
coastal systems is strongly non-linear with possible limitations on predictability
through chaotic behaviour (Southgate, 1995). Dean (1991) considers coastal
sedimentation studies on shoreline evolution and beach profile to be a challenge

since even only a partial listing of forces on sediments are complicated and difficult



to express with simple examples. Simplifications and basic assumptions are
welcome, though they cause some instabilities and errors in results. In order to be
able to make comparison among several alternatives and to select the best and most
practical solution for sedimentation problems, a consistent numerical model, with
relatively lower operating costs, is required as well as physical modeling studies and
site investigations. Such a numerical model 4as fo provide qualitatively accurate
results in the highlight of current studies, must be user-friendly and applicable to

various boundaries and constraints.

Numerical model, which is developed in this study, transforms (shoaling, refraction,
diffraction and breaking) deep water wave characteristics up to the surf zone and
calculates shoreline changes due to wind wave induced longshore sediment transport
under wide range of inputs and distribution of seawalls, groins, T-groins, offshore
breakwaters and beach nourishment projects whose dimensions and locations may be
given arbitrarily. The model, eventually, gives the result of shoreline changes with
user-friendly visual outputs. Wave data sets are prepared in a separate module, by
conducting long term wave statistics. Numerical model is applicable to either a
single data set or several data sets. Resulting shoreline, calculated from a data set, is
set as the initial shoreline of next data set. Discussion of how to introduce wave data

sets into the numerical model is also a major concern.

1.2 Wave Motion

Interaction between waves and sediments is complicated and reveals the necessity to
comprehend fundamentals of wave motion initially. Linear Wave Theory is widely
accepted in coastal engineering applications in order to predict the nearshore
characteristics of waves, depending basically on deep water significant wave height
(Ho), significant wave period (T) and approach angle (o) of incoming waves with

respect to shoreline in deep water. Nearshore wave characteristics are determined



making wave transformation computations, i.e. shoaling, refraction, diffraction and

breaking, by using these parameters.

Sea bottom starts to affect the wave profile due to the conservation of energy flux at
depths shallower than half of the deep water wave length, which is called wave
shoaling. In a line with shoaling, crest of incoming waves have a tendency to
become parallel to bottom contours of the shore as they propagates to shallower
depths from deep water which is called wave refraction, where incoming waves

converge or diverge.

If waves face with a barrier before reaching the shore, characteristics of those waves
change within the sheltered zone of this barrier depending on initial wave conditions
and properties of this interrupting structure. This process is known as wave

diffraction and will be thoroughly discussed in Chapter 4.

Separation of water particles from “wave form” under the influence of gravity is
called wave breaking. Breaking is controlled by wave steepness, i.e. by deep water
wave height and wave period in deep water medium and by wave height, wave
period, sea bottom slope and depth at shallower depths. For a constant wave period,
crest particle velocity is proportional to wave height. Thus, crest particle velocity
becomes equal to wave celerity with increasing wave heights. At this moment, when
this velocity becomes equal to wave celerity, wave becomes unstable and breaks.
When a wave breaks, its height decreases and consequently, some of its energy is
dissipated due to turbulence and bottom friction and some is reflected back to deep
water. However, rest of the energy of breaking wave generates other waves, heat and
currents. These currents in the breaker zone are essential for morphological changes

in the shoreline.

Longshore sediment transport and resulting shoreline changes under wave motion

depend on wave breaking height (Hp) and wave breaking angle (o). Therefore, deep



water significant wave characteristics should be transformed into breaking locations
including the effects of refraction, shoaling and diffraction. In breaking case, though,
Linear Wave Theory is no more applicable. Related calculations should be based on
several assumptions and different methods are available (Artagan, 2006). In the
numerical model, the following method, demonstrated in CEM(2003), is used to
compute the breaking parameters since it includes each deep water wave parameter,

Ho, T (Cg =1.56T) and a, :

(1.1)

Vs 7:Cs

H 2 .2 -1/5
H, = (H,)"* x(C,y cos(ao))w{ﬁ _M}

where
Hy : wave breaking height
Hy : deep water significant wave height
Cgo: deep water wave group velocity
oo: deep water wave approach angle
g : gravitational acceleration

Yo : breaker index

Breaker index ( vy ), ratio of wave breaking height (Hy) to wave breaking depth(dy)

in the surf zone, is assumed as Munk (1949) :

H
7 _ b _ 0,78 (1.2)

dy



CHAPTER 2

LITERATURE REVIEW

2.1 History of Beach Evolution Models

Modeling studies of sedimentation effects in shoreline and nearshore bathymetry of
coastal systems are discussed in 3 main titles as shoreline change models, beach
profile models and 3-D models. One or more of these models and related theories

should be used, depending on the current problem and desired results of the study.

Pelnard-Considere (1956) makes the first one-line based mathematical analysis of
shoreline change with a given value of sediment transport, assuming that beach
profile moves parallel to itself up to a certain depth, beyond which no sediment
movement takes place and beach profile remains unchanged in long-term scale.
Despite the fact that Pelnard-Considere’s solution is derived in existence of a simple
boundary, a single impermeable groin, this study provides an inspiration and basic
formulae for numerical models of shoreline change and is still a favourable tool to
evaluate compatibility of shoreline change numerical models. Hanson (1987) makes
a gathering of previous studies and develops GENESIS, which is based on one-line
theory and applicable under several boundaries and constraints. Dabees (2000)
studies on ONELINE and contributes to this model with new features on how to deal

with structures in a shoreline change model.

On the other hand, beach profile models deal with short term changes in beach
profile, which is caused by cross-shore sediment transport. These models can be
regarded as the complementary of shoreline change models. Bakker (1968)

introduces one more /ine to examine cross-shore sediment transport between two



lines and concludes that rate of cross-shore transport and motion of depth contours is
proportional to the deviation of profile slope and equilibrium slope. Despite the fact
that beach profile changes are usually associated with monthly or seasonal periods
and negligible in long term evaluation, severe storms transport sediment so distant
in offshore direction in some extreme cases that, beach profile may not return into its
initial form even on yearly basis, which disturbs the validity of the basic assumption
of one-line theory. Therefore, including cross-shore transport mechanism into
shoreline change modeling of regions where cross-shore transport requires attention,
guarantees to give more precise results. Furthermore, beach profile studies should
accompany one-line models to evaluate short-term response of beach nourishment
projects. Basic theories, related studies and operational cross-shore models are

discussed by Roelvink and Broker (1993), in details.

3-D (three-dimensional) models include complex and detailed computations of 3-D
hydrodynamic equations and calculation of morphological changes in a 3-D domain.
However, these models still fail to give definite results. Besides, one of the main
difficulties about 3-D beach change models is the requirement of detailed data for

their calibration and verification.

Dabees (2000) develops NLINE, a contour line change model which computes 3-D
morphological changes by a series of contour lines, in existence of complex

beach / structure configurations.

Some recent studies in 2000’s argue evaluation of numerical models and drive
attention on elimination of errors in those computational tools instead of advancing
to more complex levels. Thieler et al.(2000) makes a review of available models,
their assumptions and recommend re-examination of beach behavior models without
making the models more complex by including more variables. Cooper and Pilkey
(2004) criticize deterministic mathematical models to be considered as the one and

only method available and questionable ability of those models to predict beach

8



behavior with sufficient accuracy. The need of conceptual approach, based on
engineering experiences at both site specific and global scale, is stressed to improve
design and assessment of projects. Another important remark made by Cooper and
Pilkey is recommending to “go slow and soft” in coastal engineering problems. For
instance, an on-site experiment to observe beach behaviour by putting sandbags on

shore before constructing a groin may eliminate errors in preliminary design stage.

Eventually, in spite of not being so sophisticated, shoreline change models based on
one-line theory, are quite promising, if qualitative predictions of wave induced
longshore sediment transport and resulting shoreline changes are required
particularly. One-line models still come out to be one of the most practical methods
which accomplish to optimize accuracy of results, effort and input data required.
Developments of one-line model should be emphasized in coastal sedimentation
profession, which may even lead to improvements for more sophisticated models in

its own constitution.

2.2 Effect of Inputs in Beach Evolution Models

Since coastal sedimentation studies and numerical modeling approaches contain
various uncertainties and assumptions, a probabilistic approach would be much
worthy than a deterministic approach. To obtain precise results reflecting cases in
nature, discussion of effect of inputs does never promise to give exact results but
surprises would be less unpleasant in short and long term evaluation of design
projects, compared to a deterministic study. Vrijling and Meijer (1992) discuss
sensitivity of shoreline change computations depending on variation of sediment and
wave parameters. Southgate (1995) makes randomization of available wave data sets
to get a band of beach profiles, rather than a single number. In this study,
accordingly, effect of sequence and input methods of representative average wave

data sets into developed shoreline change numerical model are discussed.



CHAPTER 3

ONE-LINE THEORY

3.1 Introduction to One-Line Theory

Pelnard-Considere (1956) provides analytical solutions of shoreline changes under
various cases, in one of which longshore sediment transport trap at updrift side of a
single impermeable groin under constant unidirectional wave data, is examined. This
analytical solution constitutes the milestone of one-line theory. Major assumption of
Pelnard-Considere’s analytical solutions with a given value of sediment transport
rate is that, beach profile is in equilibrium and remains unchanged but only moves
parallel to itself (either seaward or shoreward) up to a limiting offshore depth called

depth of closure, beyond which sediment motion is negligible.

One-line theory implies that all contour lines have similar shapes up to depth of
closure, as if there were only one contour line (Kamphuis, 2000). Beach profile
changes are usually associated with monthly or seasonal periods and variations of
rate of longshore sediment transport, caused only by waves and wave induced
currents, is deemed as the major agent in a long-term study of the shoreline change
assessment (Hanson, 1987). Therefore, one line theory guarantees to provide precise

results for periods in the order of years.

Based on the assumptions that 1) beach profile moves parallel to itself and is stable in
long term evaluation and ii) sediment transport takes place up to a limiting depth of
closure, differential equation defining shoreline movement, called sediment
continuity equation, is derived as follows, using (X,y) coordinate system in Figure

3.1:
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where
y : offshore distance perpendicular to shoreline
t :time
D, : depth of closure
B : beach berm height above still water level
Q: longshore sediment transport rate
x : distance along the shoreline
qy : sources/sinks along the coast
Ay A0
Ax . —_— 1h0te
e *Y % B
i
Q+(@Q/éx)Ax
X Dc
------ 2

Figure 3.1 Sketch of sediment continuity equation

g, term indicates constant sources or sinks of sediment in a system. For instance;
sediment volume brought by rivers is called a source in a coastal system, where sand
dredging is simply defined as a sink along the coast. Sources or sinks can be defined

at arbitrary locations and magnitudes in the developed numerical model.

11



As being mentioned above, depth of closure (D,) is a limiting depth, beyond which
sediment motion is negligible. Hallermeier (1978) presents a wave-climate based

computation method, as follows:

68.5(H, ,, )

D =228H_, —
c 5,12 gT2

(3.2)

where Hy ;1 is the height of wave, which is expected to occur for 12 hours in 1 year.

This approach makes accurate estimations of /imiting depth of sediment motion but
since longshore sediment transport is taken as the major agent of shoreline changes
in the developed numerical model based on one-line theory, it gives overestimated
results for limiting depth of longshore sediment transport. Accordingly, Hanson
(1987) replaces the Hg 1o term in Egn.3.2 with deep water significant wave height
(Hso) and uses this modified expression to designate limiting depth of longshore
sediment transport as Dit , in the one-line model GENESIS. Furthermore,
considering that wave breaking is the governing pattern in longshore sediment
transport, limiting depth of longshore sediment transport (Dr1) is calculated as a
function of wave breaking height (H) in the developed numerical model, by

modifying the expression presented by Hallermeier (1978) in Egn.3.2 as follows:

68.5(H, )

DLT = 228Hb -
gr?

(3.3)

3.2 Longshore Sediment Transport

Longshore sediment transport is assumed to be caused by waves breaking at an angle
to the shore and wave induced nearshore current circulation. Longshore sediment
transport takes place in following two manners which are not, in fact, measured

separately as easy as they are examined conceptually (CEM, 2003):
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- Above the bottom by turbulent eddies of water, which is known as suspended
sediment transport
- Rolling and saltating close to the sea bed within a layer whose width is function

of bed roughness (Bijker, 1971), which is known as bed load transport

In comparison, bed load dominates the amount of sediment, transported in longshore
direction. Global approach, which is based on principle of equilibrium profile, is
used to calculate longshore sediment transport rate in one-line theory. In this
approach, overall magnitude and direction of longshore sediment transport is
calculated, without distinction between suspended load and bed load

(Briand and Kamphuis, 1993).

On the other hand, majority of longshore sediment transport takes place in surf zone
in offshore distribution. Considering its vertical distribution related to water depth,
longshore sediment transport decreases rapidly from sea bottom to still water level

( Kraus et al., 1989) .

A sign convention to direction of longshore sediment transport in a particular region
at any time should be designated in numerical modeling of shoreline changes. In the
developed numerical model, longshore sediment transport is taken as positive in
right direction (Qr) and negative in left direction (Qr) looking at the seaward.
Therefore, net and gross (total) sediment transport rates for a particular region are

calculated respectively as:

Qner=Qr +Qr (3.4)

Qcross= Qr + | QL | (3.5)

Longshore sediment transport rate is expressed either as volume transport rate (Q)) in

m’/sec or immersed weight transport rate (I} ) in N/sec. Longshore sediment transport
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rate can be calculated by various methods such as using tracers or by trapping the
moving sediments in coastal zones. In numerical models, the main objective is to
obtain an expression, which accounts for the basic necessary parameters and gives

accurate results comparing to field data and physical model studies.

Kamphuis (1991) conducts three-dimensional physical model study with regular and
irregular waves to obtain a longshore sediment transport rate expression, which
includes wide range of effective parameters. In these experiments, beach profile and
bottom contours are set to be constant, which is perfectly coherent with the main
assumptions of one-line theory. Consequently, non-dimensionalization of parameters
is made together with the discussion of experimental results and the following

formula is derived:
0=73Hy" T mb"” D50°% sin”2as)  (m’/hr) (3.6)

where
Hg, : significant wave breaking height (in m.)
T :significant wave period (in sec.)
my, : beach slope at breaker location
Dso : median grain size diameter (in m.)

aps - effective wave breaking angle

Compared to previous approaches such as CERC formula (Shore Protection Manual,
1984) derived by energy flux method (Komar,1977), Kamphuis’ approach
( Eqn . 3.6 ) considers influence of each parameter more accurately, especially
influence of wave breaking height, since the formula does not overestimate the
effect of wave breaking height for severe storms. Formula, derived by Kamphuis, is
preferable in low-wave energy conditions since it gives more consistent predictions
for both spilling and plunging breaking wave conditions due to inclusion of wave

period in the expression, which has significant influence on the breaker type (Wang
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et al., 2002). Therefore, longshore sediment transport rate, Q, is calculated by
Kamphuis formula in the developed numerical model. In fact, actual longshore
sediment transport rate, valid for long-term evaluation, may be different considering
the sources and sinks in a coastal system and therefore, should be computed as a
fraction of this potential rate by multiplying with a calibration coefficient, Cq (0< Cq

<1). Besides, the constant of this expression is valid for sand with porosity of 0.32.

3.2.1 Effective wave breaking angle

In one-line model, interaction between incident waves and gradually changing
shoreline is taken into account (Hanson and Kraus, 1993). Wave breaking angle (o)

is modified according to the slope of shoreline at each location as (Figure 3.2):
a, =a, Ttan” (a—yj 3.7
ox

where oy 1s effective wave breaking angle for small values of Z—y
X

(a) (b)

Figure 3.2 Sketch of effective wave breaking angle
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3.2.2 Beach profile and beach slope

Beach profile of a coastal system can simply be defined as distribution of depths; d
with respect to offshore distance, y. Dean (1991) expresses the shape of the bottom

profile as:

dy) =4,.y" (3.8)

where
d : water depth at a distance y from shoreline

A, : sediment dependent scale parameter

offshore distance
P —

daw)

Figure 3.3 Dean Profile

A, is given as a function of median grain size diameter (Dsg) as follows

(Kamphuis, 2000) :

A, = (1.04 + 0.086( In Dsp))° for 0.1x10”m. < Dsp <I1x10” m. (3.9)
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Accordingly, beach slope at breaker location (my) is calculated in the developed

numerical model as follows (Kamphuis, 2000):

m, = %Apl'sd,,“)'s (3.10)

where

dy : wave breaking depth
3.3 Explicit Solution of Sediment Continuity Equation

In the structure of one-line numerical model, instead of analytical solution, sediment
continuity equation (Egn. 3.1) is converted to an explicit finite difference scheme
depending on longshore distance, y(x,t) and longshore sediment transport rate, Q(x,t)
(Figure 3.4). In this scheme, gradual change of longshore sediment transport rate in

alongshore direction is calculated by the following expression:

aQi — Qi+1 B Qi
ox Ax

(3.11)

Offshore distance

Figure 3.4 Finite difference scheme
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Consequently, the expression given below is derived to solve sediment continuity

equation explicitly:

At
=y (0, ~ O, +q,Ax 3.12
yl yl+(DC+B)AX( i l+1+Qy ) ( )

where
At : time increment

Ax: longshore distance increment

Subscript “i+1” indicates the next increment in alongshore direction and prime ()
indicates values at next time step. Explicit solution of sediment continuity equation
using finite difference scheme is described as fixing the shoreline displacements to
compute sediment transport rates at the same time step, and fixing sediment transport

rates to compute shoreline displacements at the next time step (Dean and Yoo, 1992).
3.3.1 Boundary conditions

Shoreline change numerical models have a control volume and boundaries. In spite
of not being mentioned in most of the previous studies, the very first boundary and
input of a shoreline change model is the initial coordinates of shoreline. Secondly,
observing Egn.3.12 and Figure 3.4 reveals that, number of longshore sediment
transport rate expressions is one more than number of shoreline coordinate
expressions. Therefore, conditions at ends of control volume must be defined. As
initial boundary conditions in the numerical model, longshore sediment transport
rates at the boundaries are set as Q;=Q,; Qn+1=Qn. Other boundaries originate from
the existence of coastal structures, which are actually called constraints.
Fundamentals of modeling of coastal structures as constraints in the numerical model

are discussed in Chapter 4, in details. Besides, beach nourishment, which is kept as
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the shift of shoreline at certain locations within the applicability of developed

numerical model, is also discussed in Chapter 4.

3.3.2 Stability

In the explicit scheme, since shoreline coordinates (y) at t=t;+At depend on shoreline
coordinates and longshore sediment transport rates at t=t;, stability comes out to be
an important parameter. At every time step and longshore distance increment,

stability is checked by the following expression:

R=_—2 a1 (3.13)
a,(D, +B) Ax? 2

In the model, Ax and At values are assigned by the user. Taking greater time
increments and / or smaller longshore distance increments to solve sediment
continuity equation decrease stability of the solution and may cause oscillations in

resulting shoreline (Hanson, 1987).
3.4 Implicit Solution

Despite using explicit scheme to solve sediment continuity equation in the developed
numerical model, a brief discussion of implicit solution of sediment continuity
equation is also introduced. In implicit scheme, different from the explicit scheme
basically, gradual change of longshore sediment transport rate in alongshore

direction is calculated as follows:

aQi — l(Q'HI _Q'i + QHI - sz (3 14)
ox 2 Ax Ax '
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In the implicit scheme, shoreline coordinates at a certain time are not only dependent
on variables of previous time step, but also on those of current time step. Stability is
an advantage within implicit solution, whereas the boundaries and constraints in the
model become more complex than explicit scheme (Hanson, 1987). In the developed
numerical model, explicit solution is chosen to solve sediment continuity equation
due to the simplicity of introduction of boundaries and constraints, without turning a

blind eye to stability of results.
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CHAPTER 4

NUMERICAL MODEL

The developed numerical model is applicable to most widely used four coastal
defense structures and their complex distributions which are seawalls, groins, T-
groins and offshore breakwaters, the first of which have no diffracting but armoring
effect on shoreline. In this chapter, introduction of these coastal structures into the
numerical model as constraints are presented, together with their basic definitions
and design considerations. Beach nourishment, which is simply defined as the
advance of shoreline within the applicability of developed numerical model, is also
discussed herein. In addition, assumptions and resulting limitations of the numerical

model are demonstrated.

4.1 Wave — Structure Interaction and Sediment Motion

Major cause of longshore sediment transport gradients, which result with shoreline
changes, is reduction of wave energy reaching the shore due to diffraction,
dissipation and reflection effect of coastal stabilization structures in their sheltered
zones. Numerical models, based on one-line theory, neglect dissipation and
reflection effect of these structures. On the other hand, individual and combined
wave diffraction effects of structures and computation of resulting wave breaking
heights and wave breaking angles in their sheltered zones require significant
attention. Kraus (1984) discusses variation of wave breaking height, Hy,, behind an
obstacle as a function of diffraction, refraction and shoaling. Behind an infinitely
long breakwater on (X,y) plane, where x-axis is placed along the shoreline and y-axis
placed perpendicular to the shoreline, wave breaking height at point P (Figure 4.1),

is computed as:
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Hb = Kd (QD, db) . Kr (9@, db) Ks(db) . Htp

where

H i, : wave height at the tip of breakwater, T’

4.1)

K4, Ki, K¢ coefficients of diffraction, refraction and shoaling, respectively

dy : water depth at P, wave breaking depth.

»

Incident wave

orthogonal \
' Breakwater

e
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Figure 4.1 Variation of wave breaking height behind an obstacle (Kraus,1984)

According to Kraus, a wave should start with an angle Or (greater than 6¢) to arrive

and break at point P. This assumption aims to ease the modeling of wave

transformation although wave breaking angle is noted to be underestimated. Hanson

(1987) uses this approach in GENESIS.

In the numerical model, wave breaking parameters such as wave breaking height

(Hp), wave breaking depth (dy) and wave breaking angle (o) are initially calculated

within the modeled region. Afterwards, these parameters are modified to account for

changes in wave patterns from each diffraction source at the breaking depth d, as

demonstrated by Dabees (2000):
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H, =K, -H, 4.2)

where
Hyq : modified wave breaking height
K4 : diffraction coefficient

4.2 Groins

Groin (groyne) is the most common, long and narrow coastal stabilization structure,
built usually perpendicular to shore (Figure 4.2) in series (Kamphuis, 2000). A groin
is constructed to interrupt longshore sediment transport - partially or completely — in
order to retard erosion at a certain location, to prevent the alongshore transported

sediment from entering a harbor or an inlet or to retain fill within a project area.

—_— X

armor layer
core layer - @

Section A-A

Section B-B

Figure 4.2 Sectional views of a groin

On the other hand, groins have almost no effect to reduce offshore sediment
transport and may even enhance this movement due to rip currents. Therefore, if
cross-shore transport is dominant in a region, offshore breakwaters should be
considered first. In general, groins must be preferred in coastal zones where net

longshore sediment transport is relatively low in order to achieve the balance
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between the sides of groin. In fact, a groin must block littoral transport only to the
extent necessary