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ABSTRACT

Coastal structures such as breakwaters cause a disruption of longshore sediment transport along
coastlines. The result of this disruption creates sand accumulation up-drift and beach erosion down-
drift of these structures. Therefore, sediment bypass schemes are implemented by dredging the sand
out of the sand trap up-drift of the structures and nourishing the beach down-drift of them. The beach
north of the Richards Bay harbour entrance in KZN, South Africa was used as a case study to model
and compare alternative nourishment schemes to alleviate chronic beach erosion due to disruption

of the longshore sediment supply.

This study used the Delft3D 2DH sediment transport models to investigate the nourishment schemes
and a calibration study was done to test the capability of the models to maintain a theoretical
equilibrium profile over a long term simulation. Subsequently the model was used to investigate and
compare three nourishment schemes at a case study site over a period of a year to determine the
beach response to the nourishment. The sediment budget for the nourishment schemes was limited
to 1 000 000 m?3 per year. The first scheme comprised of a continuous steady nourishment throughout
the year and the second scheme was a bulk nourishment where the sediment is dumped onto the
beach at the maximum dredging capacity, in this case 10 000 m3/day. The last was a bimonthly

sediment nourishment scheme.

The model calibration results revealed that a single wave related transport factor governs the cross-
shore movement direction. A single set of parameters does not produce offshore sediment movement
during large wave events and onshore movement during smaller wave events as observed in reality.
Therefore, the model was unable to reproduce a quasi-equilibrium behaviour unless the cross-shore
transport factors are allowed to vary as a function of wave height. It was possible to define a cross-
shore factor within the Van Rijn transport model that limited the cross-shore movement over a long
term morphological simulation resulting in only the longshore transport affecting the morphology
within the model. This model setup was used for the case study since a lack of sediment supply was
the main focus of this study. The continuous steady nourishment results showed a natural longshore
shore movement of sediment down-drift of the harbour entrance and a uniform beach width increase
along the entire beach. The bimonthly nourishment closely emulated the continuous nourishment
resulting in a net increase of beach width along the modelled coastline. The bulk nourishment revealed
significant differences to the previous cases. The sheltering effect of the northern breakwater kept
the main recreational beach in a nourished state while the northern beach outside of the breakwater’s

shadow-zone returned to its initial sand starved state.
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CHAPTER 1

Introduction

1.1 Motivation

Coastal structures such as breakwaters are a common engineering practice that protect the harbour
bays from energetic wave climates. However, these structures cause a disruption of the longshore
sediment transport along the coastline. This disruption traps sand which causes sediment
accumulation up-drift and beach erosion down-drift of the structure. Therefore sediment bypass
schemes are implemented by dredging the sand out of the sand trap and nourishing the beach down-
drift of the harbour entrance. Ineffective bypass schemes have many negative impacts including too
much sediment accumulating in the sand trap and spilling into the harbour entrance. It can also cause
significant loss of beach down-draft of the breakwater due to longshore sediment transport and a lack

of sediment supply from the sand trap (Dean, 2002).

The energetic wave climate along the east coast of South Africa (Corbella & Stretch, 2012) results in a
dynamic coastline experiencing morphological changes and longshore sediment movement up to
1 000 000 m? per year (Schoonees, 2000). The beaches north of Richards Bay in KwaZulu-Natal, South
Africa are a typical example of how anthropogenic coastal activities such as harbour entrances have
an impact on the morphological evolution of coastlines down-drift of hard engineering coastal

structures (Figure 1.1)

Figure 1.1: a) Aerial photograph of post nourished beach Alkantstrand (Google Earth, 2011). b) Aerial photograph of sand
starved beach Alkantstrand (Google Earth, 2015) .



This shoreline retreat and the influence of sea level rise, estimated at 3mm per year (Mather & Stretch,
2012), increases the vulnerability of both coastal structures in lowlands and coastal wetlands due to
storm surges and wave action. This has both environmental and economic impacts resulting from
damage to the coastal structures and salt water advancing landward. This can inundate agriculture,
estuaries and water supplies. It also causes a reduction in beach width resulting in a negative impact

on tourism and recreational benefits of the beach (IPCC, 1990).

Due to environmental concerns, coastal engineering is shifting away from hard structures such as
breakwaters and groynes and moving towards soft engineering solutions. Bypass schemes that involve
beach sand nourishment is a soft engineering solution used to reduce coastal vulnerability as well as
reduce the negative impacts down-drift of hard engineering structures along coastlines. Implemented
correctly, sand nourishment schemes can be a cost effective solution to coastal vulnerability with
environmental and economic benefits while reducing storm damage. Increased beach widths enhance
recreational activities along the beach and it has been observed that the value of properties upland of
beach nourishment schemes can increase up to 20%. It also provides a constructive use for sediment

dredged out of harbour breakwater sand traps. (Dean, 2002).

This thesis investigates alternative sediment bypass schemes and compares the beach response of
three different sand nourishment techniques along the coast down-drift of the Richards Bay harbour.
The cross-shore sediment movement is expected to have a seasonal effect of erosive conditions during
storms and accretion conditions during calm periods effectively maintaining an equilibrium cross-
shore profile. Therefore, the beach loss north of the Richards Bay harbour is a result of longshore

sediment transport and a lack of sediment supply was the main focus of this study.

Delft3D is a coastal process based modelling software which has the ability to model spectral waves,
hydrodynamics and sediment transport making it an ideal tool to investigate beach nourishment
through use of a case study. Previous research into the capabilities of the Deflt3D sediment transport
models revealed that these models are capable of being calibrated to accurately represent the
longshore sediment transport along the eastern coast of South Africa as well as simulating specific
cross-shore erosion or accretion events. However, there is limited research on long term cross-shore
morphology modelling along the South African coastline. Along most coastlines, beaches exhibit a
seasonal cross-shore movement of sediment experiencing erosion during larger waves and accretion

during smaller waves that typically act over a longer period (Figure 1.2) (Dean & Dalrymple, 2004).



Figure 1.2: Cross-section showing the seasonal changes in beach profile (Ataei, et al., 2014).

The Deflt3D sediment transport models utilised in this study are coupled with the 2 Dimensional
Horizontal (2DH) hydrodynamic model which does not directly model the 3D (Three Dimensional)
effects that occur in the surf-zone. These 3D effects, such as undertow, are the main drivers of the
cross-shore sediment transport that occur in the surf-zone and are therefore parameterized by user-
defined parameters within the depth averaged Deflt3D sediment transport models. In reality, beach
profiles tend to erode away from and accrete towards a quasi-equilibrium profile dependent on the
energy within the coastal system. Therefore, it is important to determine whether the Delft3D coastal
sediment models are capable of reproducing this quasi-equilibrium cross-shore behaviour over a long
term simulation with the calibration of the parameters influencing the cross-shore sediment
transport. The calibration of the cross-shore sediment transport parameters will aid in a better
understanding of how the models analyse the cross-shore sediment movement and how the models
can be improved to more accurately represent the morphological changes experienced along the

South African coastline.

1.2 Research Questions

This research poses two questions. The first question concerns the capability of Delft3D and relates to

the methodology for addressing the second question.

Can the Delft3D depth averaged coastal sediment transport models be calibrated to predict beach
erosion during storm wave events and beach recovery during smaller wave events resulting in an

equilibrium cross-shore profile over time?



How does a beach down-drift of a harbour entrance respond to beach nourishment due to alternative

sand bypass schemes over a period of a year?

1.3 Aim

To investigate whether the Delft3D depth averaged sediment transport models are capable of
reproducing an equilibrium cross-shore profile with the calibration of the wave related factors

influencing the cross-shore sediment transport.

Evaluate and compare alternative sand nourishment schemes along a sand depleted beach as a result

of alternative sediment bypass schemes.

1.4 Objectives

To determine the capabilities of the Delft3D sediment transport models with respect to the cross-

shore movement of sand, the following objectives need to be achieved:

1. To become proficient in Delft3D coastal process modelling software including curvilinear grid
generation and spectral wave modelling coupled with the 2 DH and sediment transport model.

2. Understand and determine how waves influence the cross-shore movement of sediment
along a coastline in reality.

3. Understand the physics involved in the Deflt3D coastal sediment transport models and how
the calibration of the models affects the cross-shore movement of sediment.

4. Test whether the sediment transport models used are capable of maintaining an equilibrium
profile by predicting offshore movement of sediment during large wave events and onshore
movement during smaller wave events.

5. Provide recommendations on how to improve the realism of the cross-shore movement

prediction within the Delft3D sediment transport models over a long term period.

In order to evaluate and compare alternative beach nourishment schemes the following objectives
focus on setting up a case study at Richards Bay with the aim of simulating alternative sediment
pumping rates onto Alkantstrand and comparing the predicted beach response to the different

schemes using Delft3D:



1. Collecting relevant morphological and wave data for Richards Bay in order to set up a model
in Delft3D for the case study.

2. Calibrate the model to predict realistic sediment transport rates for a period of one year.

3. Implement alternative beach nourishment schemes along the area of interest as a result of
the sediment bypass using the sediment nourishment function within Delft3D.

4. Analyse and compare the beach response to the alternative nourishment schemes.

5. Make recommendations with regards to the most effective bypass scheme for beaches along
the east coast of South Africa taking both economic and environmental impacts into

consideration.

1.5 Dissertation Outline

This dissertation contains the following chapters:

Chapter 2 is a literature review pertaining to the theory of coastal processes and previous research
done on coastal morphology and beach nourishment. Ocean waves and how they relate to surf-zone
hydrodynamics are discussed as well as the drivers of sediment transport in a coastal system. The
review includes an analysis of the coastal process models used and empirical research done on

sediment transport.

Chapter 3 outlines and describes the Richards Bay case study beach. It includes a description of the
location, relevant wave, tide and morphological data available, current dredging infrastructure and

why it is a suitable location for a beach nourishment case study.

Chapter 4 discusses the methods used to test the cross-shore sediment transport capability of the
Delft3D depth averaged models. It also discusses the model setup for the sediment bypass case study

and the analysis to be undertaken.

Chapter 5 presents the results of the cross-shore transport model capability study. It discusses how
the calibration coefficients for the sediment transport models affect the predicted morphology.
Recommendations are then presented on how to improve the realism of the cross-shore sediment
transport predicted by the Delft3D depth averaged models. This chapter also provides a

recommendation for the choice of sediment transport model used in the case study.



Chapter 6 discusses the results of the Richards Bay sediment bypass case study. It presents modelled
results of the beach response and sediment distribution for alternative nourishment schemes and
morphological changes over the period of a year. It also discusses the economic considerations and

environmental impacts associated with the different schemes.

Chapter 7 presents the conclusions drawn by both the Delft3D cross-shore sediment transport
capability study and the sediment bypass case study. It offers recommendations on improving
morphological modelling using Delft3D and the implementation of beach nourishment schemes.

Recommendations are made regarding further research.



CHAPTER 2

Literature Review

2.1 Wind-Generated Waves

Ocean waves are considered to be the oscillations of the water which propagate along the ocean’s
surface away from the area of wave generation (Bosboom & Stive, 2012). Airy (1845) developed a
simple linear wave theory (Figure 2.1) used to describe the displacement of the water surface n (x, t)

due to these oscillations:

n(x,t) = gcos k(x — Ct) (2-1)

Figure 2.1: Schematic of a wind generated wave (Dean & Dalrymple, 2004)

In which:
H = Wave Height

k=2
cT
L = Wave Length

C = Wave Celerity

The height of the wave can be interpreted as indicative of the energy per unit surface area.

The wave energy per unit area can be defined as:

E = pgH? (2-2)



where p is the water density, g is the acceleration of gravity and H is the wave height (Dean &

Dalrymple, 2004).

Wind blowing over the ocean creates a frictional stress on the water surface. This frictional stress
causes a transfer of momentum and energy resulting in the disturbance of water particles from their
original position in the water column. Gravity then acts as the restoring force which dampens the wave
motion by restoring the water particles to their natural position in the water column. The principle
restoring force is gravity, therefore the waves generated are known as gravity waves (Wright, et al.,
1999). According to Jeffreys (1925), wind waves gain energy through the sheltering effect of wave
crests from the wind. The rear face of the wave will experience a higher pressure due to the force of
the wind against it and air eddies at the front face of the wave will cause a low pressure in front of the
wave (Figure 2.2). This difference in pressure will push the wave and result in the wave gaining energy

(Jefferys, 1925).

Figure 2.2: Jefferys’ sheltering wave generation theory. (High pressure indicated with a positive sign and low pressure
indicated with a negative sign)

For Jefferys’ theory to hold true, wind speeds must exceed one meter per second as well as the wave

speed and the waves had to be steep enough to create a sheltering effect (Thomson, 1981).

A local wind field or storm over the ocean create short, random and irregular waves called sea. The
wave size in deep water is dependent on wind speed, length of time the wind blows and fetch, which

is the distance of unobstructed sea over which the wind blows. Due to variations in wind over the



ocean, a fully developed sea is made up of varying wave heights and lengths which is known as a wave

field (Wright, et al., 1999).

Waves can travel away from the point of generation over long distances before reaching the coastline.
In doing so, they become longer, faster and more regular and are referred to as swell. This
transformation is caused by shorter waves filtering out through dissipation processes such as white-
capping and currents which have a larger effect on shorter waves (Bosboom & Stive, 2012). According
to Bosboom and Stive (2012), the spectrum of swell is narrow in both direction and frequency as it
approaches a coastline. Both sea and swell are primary suppliers of energy to a coastal system
(Bosboom & Stive, 2012). Therefore an accurate analysis and schematisation of the wave climate along

the coastline of interest is required in order to accurately determine the sediment transport.
2.2 Wave Transformations

1. Shoaling
As waves propagate into shallower water, the waves will be influenced by the seabed when the depth
of water becomes approximately less than half the wave length. As the depth decreases, so will the

wavelength as stated by the dispersion relationship of waves (Dean & Dalrymple, 2004):
L= Z‘inTZtanh(kh) (2-3)

In which:

T = Wave Period

Due to the wave period being constant, this will result in a decrease of wave length and velocity and
an increase in wave height as shoaling occurs. This causes non-linearity of waves in shallow water
(Bosboom and Stive, 2012). Shoaling will result in wave asymmetry which is an important factor

influencing the onshore movement of sediment.

This transformation would occur along the majority of Southern Africa’s coastal systems as the waves
propagate into shallower water and interact with the sea bed. The increase in wave height along with
the decrease in depth will lead to the breaking of the waves which is the predominant cause of

sediment transport along the South African coastline.



2. Refraction

As a wave approaches the shore at an angle to the rising seabed contours, the crest of the wave in
deeper water moves faster than the crest of the wave in shallower water. The faster part of the wave
in deeper water will try catch up with the shallower section and will result in the crest of the wave
turning towards the depth contours as seen in Figure 2.3. This change in wave propagation angle is

called refraction (Bosboom and Stive, 2012).

Figure 2.3: Obliquely Incident Waves Propagating on Uniform Depth Contours (Dean & Dalrymple, 2004).

The change in wave direction proportional to the wave speed can be expressed by Snell’s Law:

where @ is the deep water wave direction, @, is the nearshore refracted wave direction, c: is the deep
water wave celerity and c; is the nearshore refracted wave celerity.

Refraction has a significant effect on the angle at which waves approach the shoreline. Therefore, the
effect of refraction has to be carefully considered in this research due to sediment transport. The
sediment transport formulas are sensitive to the angle at which the waves approach the shore. A
decrease in the angle between the incoming wave direction and the normal of the beach results in a
decrease in the longshore sediment transport. This means that wave refraction can cause a decrease

in longshore sediment transport dependent on the deep water wave approach direction.

3. Diffraction
Diffraction occurs due to the transfer of energy along the wave crests when a propagating wave

encounters an obstruction, such as a breakwater (Bosboom and Stive, 2012). When a propagating
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wave encounters an obstruction or sudden change in bottom contours, there is an abrupt change in
the wave energy along the wave crest resulting in wave height and direction changes. This causes the
waves to turn and propagate into a shadow zone created by the obstruction (Figure 2.4) (Dean and

Dalrymple, 2004).

Figure 2.4: Diffraction of waves around a breakwater (Dean & Dalrymple, 2004)

Due to the lateral energy transfer of the wave as it bends into the shadow zone, the wave heights in

the shadow zone will be lower than the incident wave (Bosboom and Stive, 2012).

4. Wave Breaking

Shoaling describes the increase in wave heights as depth decreases. However, there is a limit to this
due to instability caused by wave steepness when the particle velocity becomes greater than the wave
celerity. This results in the wave breaking. This limiting of wave steepness was expressed by Miche
(1944) using a breaker index based on Stoke’s wave theory (Bosboom & Stive, 2012). It states that in

shallow water using a non-linear wave theory:

H 2mh h
[Tlmax = 0.142== ~ 0.787 (2-5)
which is equivalent to:
v=2 ~0.78 (2-6)
hp

where y is the breaker index, Hj, is the wave height when it breaks, hy, is the depth at which the wave

breaks, h is water depth and L is the wave length. When % becomes greater than the breaker index,
b
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the wave will break. The breaker index value of 0.78 is an approximate value that may vary dependent
on the specific beach or coastline considered. However, 0.78 is a realistic value for most generic

coastlines based on monochromatic waves (Bosboom & Stive, 2012).

Battjies (1974) showed that the type of wave breaking occurring along a coast can be expressed as a
non-dimensional number; the Iribarren number. This is given by the ratio of the beach slope to the

square root of the wave steepness:

6:tan‘8/ﬂH0/L0 (2_7)

Where § is the Iribarren number, tan 8 is the beach slope, Hy, is the deep water wave height and L is
the deep water wave length. The Iribarren number categorises the type of wave breaking into the

following wave categories as shown in figure 2.5:

0.5<£<33
plunging

surging

33<E<S

£<05
collapsing spilling

Figure 2.5: Four types of breaking waves based on the Irribaren number (Bosboom & Stive, 2012).

2.3 Wave Induced Hydrodynamics

2.3.1 Radiation Stresses

There is a mean transport of water particles in the direction of wave propagation that is not defined
in linear wave theories. This mass transport of water results in a momentum flux in the water column

(Figure 2.6) which is known as radiation stress and can be defined as (Dean & Dalrymple, 2004):

12
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Figure 2.6: Horizontal transport of wave-induced momentum through a vertical plan of unit width perpendicular to the wave
propagation direction (Bosbhoom & Stive, 2012).

Waves approaching the coastline obliquely result in three different radiation stresses.

Sxx - Normal stress acting in the x direction.
Syy - Normal stress acting in the y direction.

Sxy - Transport of x momentum in the y direction which acts as a shear stress on the plane.

Syx = f_nho(pux)ux dz + f_nho Pwavedz (2-8)
Syy = f_nho(puy)uy dz + f_nho Pwavedz (2-9)
Sxy = f_nho(pux)uy dz (2-10)

Where n is the water level, h is the water depth, p is water density, u, is velocity and py, 4. is the
pressure caused by the wave. When waves break, there is a change in the wave-induced momentum
flux and this gradient in the radiation stress has a significant effect on the nearshore hydrodynamics.
This change in the radiation stress results in set-down, which is the lowering of the mean water level
where shoaling occurs. It also causes set-up, which is an increase in mean water level in the surf zone
and the generation of an alongshore current due to waves approaching the shore at an oblique angle

(Bosboom & Stive, 2012).

Using linear wave theory, these radiation stresses can be generalised and represented by the following

formulae (Bosboom & Stive, 2012):

Sex = E[n(cos?0 + 1) — %] (2-11)
Syy = E[n(sin®6 + 1) — %] (2-12)
Sxy = E[nC cosf (*22)] (2-13)
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where E is the wave energy per unit area, n is the water level at a point along the wave, Cis the wave
celerity and 0 is the wave direction. The gradient of the radiation stresses, that can drive flows, are

related to the wave energy gradient due to shoaling and dissipation.

It is also possible to use the wave energy dissipation terms to drive the currents in the hydrodynamic
model. Battjies and Janssen (1978) proposed the following model to describe energy dissipation due

to wave breaking:

1
Dy, = Qp Zpgaprrznax (2-14)

where D, is the energy dissipation rate per area, p is density, g is acceleration due to gravity, f, is the
peak wave frequency, Hy,4, is the maximum wave height, a is a calibration coefficient generally in

the order of 1 and Q;, describes the fraction of breaking waves given by the implicit relation:

HZ

Qp = exp(— <Hr;zax 1- Qb))) (2-15)
rms

where H,,,,, is the root mean square wave height. In this study the hydrodynamic driving forces were

based on the dissipation rates as radiation stresses can often be numerically unstable and result in

unrealistic spurious flow patterns (Roelvink & Reniers, 2012).
2.3.2 Cross-shore Hydrodynamics

The cross-shore momentum balance states that when waves break, the momentum flux decreases
rapidly creating a force in the onshore direction. For equilibrium purposes this force therefore has to
be balanced by a hydrostatic force resulting in the water column at the landward side being higher
than at the seaward side. This phenomenon is known as wave setup (Bosboom & Stive, 2012). There
is also a slight reduction of the water level behind the breaker zone to maintain equilibrium when

wave energy increases due to shoaling known as wave set-down.

Figure 2.7: Cross section of surf zone showing set-up and set-down (Bosboom & Stive, 2012).
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The second important cross-shore process that has a significant impact on sediment transport is
undertow. Undertow is an offshore flow near the bottom of the water column in the surf zone to
maintain the equilibrium of mass transport. This occurs because there can be no net onshore flow of
water particles due to the presence of a sloped beach (Dean & Dalrymple, 2004). A 2DH model has
difficulty reproducing this cross-shore flow in the surf zone due to the hydrodynamics being based on
depth-averaged shallow water equations (Trouw, et al., 2012). Three-dimensional hydrodynamic
models can more accurately represent the effect of breaking waves on the cross-shore flow but the
computation time of these models increases significantly and therefore is not always a viable option.
Generally, the 2DH models do account for a mean return flow that acts in the direction of the
decreasing bathymetry contours resulting in a net offshore flow in the surf zone. Therefore careful
calibration of the 2DH morphological models are required when analysing the cross-shore movement

of sediment in the surf zone (Roelvink & Reniers, 2012)

Near bed orbital velocities generated by waves have a significant influence on the flow in a water
column which in turn has a significant influence in the sediment transport in the direction of the
incoming waves. These near bed orbital velocities act in an onshore direction under the wave crest
and in an offshore direction under the wave trough and can be determined using a parameterization
of the fifth-order Stokes wave theory.

This states that:

TH

Uy, = ————
W " Tsinh(2kh)

(2-16)

where H is the wave height, T is wave period, h is the water depth and k = ZTn Both the onshore and

offshore near bed velocities can be computed from U,,,.

Upp = U, (2-17)
h
Uosr = Upll =y exp (- T;—O)] (2-18)
In which:
ry =3 2(’2—;’)0-65 (2-19)
rs = 27 log (’Z—z) 17 (2-20)
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where U,, represents the near bead orbital velocity in the direction of wave propagation which is
onshore and U,s represents the near bed orbital velocity in the offshore direction. Hj is the deep
water wave height and L is the deep water wave length. This means that U, can be up to 1.5 times
smaller than U,, resulting in a net onshore near bed orbital velocity in the direction of wave
propagation. Therefore these near bed orbital velocities are important for analysing the onshore
movement of sediment and are incorporated within the Delft3D Van Rijn sediment transport model

(Soulsby, 1987).

2.3.3 Longshore Currents

The change in the Sy, radiation stress in the surf zone results in a transfer of momentum in the
alongshore direction of wave propagation creating currents in the longshore direction. Unlike in the
cross-shore direction, a pressure gradient cannot be developed in the longshore direction to balance
the gradients in radiation stress in the surf zone. Therefore currents in the longshore direction will
develop bed shear stress that act as the equilibrium restoring force (Dean & Dalrymple, 2004).

Bowen (1969), Thronton (1970) and Longuet-Higgins (1970) describe the following balance of

momentum in the longshore direction using the following equation:

ASyr
Fyp=—2=1, (2-21)

where F, is the force in the y direction, Sy, is the radiation stress and Tj ,, is the bed shear stress in
the y direction. This means that for a longshore current to develop along an uninterrupted stretch of

coastline, the driving force F, must be greater than the bed shear stress created by friction.

X

edge surf zone

surf zone —_
Toy

S

water line

Y
T T T T

Figure 2.8: Forces acting on a water column that induce a longshore current (Bosboom & Stive, 2012).
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2.4  Sediment Transport

Sediment transport along the coast can be described as the movement of sediment particles due to
coastal processes such as currents and waves. This occurs when the water exerts a velocity or shear
stress on the sediment particles that exceeds the sediment’s critical velocity or shear strength. This
causes the sediment to move either as bed load along the bottom or suspended load in the water

column (Wright, et al., 1999).

2.4.1 Sediment Properties

The most critical sediment properties affecting sediment transport according to Wright, et al (1999)
are the sediment grain size and cohesiveness. This study investigates the movement of sediment along
the eastern coastline of South Africa which mainly comprises of medium to fine non-cohesive sand.
Therefore, the sediment grain size is one of the most important sediment parameters with respect to
sediment transport. Erosion or initial sediment movement is affected due to the grain size being
directly proportional to the critical bed shear stress required for incipient sediment motion (Dean &
Dalrymple, 2004). Once sediment is being transported in suspension, the deposition of that sediment
is dependent on the fall velocity of the sediment. This fall velocity is also directly proportional to the

sediment grain size resulting in large particles having a greater fall velocity (Ponce, 1989).

2.4.2 Cross-shore Transport

Cross-shore transport of sediment along the coastline is the movement of sand towards and away
from the shore predominantly cause by wave actions. During large wave or storm events, the wave
action is considered a destructive force. Due to high turbulence in the surf zone and strong undertow
currents generated by large waves, sediment will be eroded from the beach and deposited offshore
in the form of a sand bar. Gravity and beach slope also have an effect on destructive forces of waves
and the offshore movement of sand due to beaches with shallow slopes distributing the breaking wave
energy over a greater cross-shore distance (Dean & Dalrymple, 2004). Corbella and Stretch (2012)

define an erosion event as a storm period that produces significant wave heights greater than 3,5m.
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Constructive forces occur as a result of smaller waves which move sand towards the shore and aid in
beach recover after storm events. According to Corbella and Stretch (2012), this beach recovery due
to smaller waves is a slow process and can take up to two years on average to reach its pre-storm
profile after an erosive storm event. These constructive forces occur as a result of net onshore shear
stresses created by near bed orbital velocities and asymmetry of shallow-water waves.

Studies have been conducted both in wave flumes as well as case studies to predict the wave
parameters that determine erosion and accretion events. Dean (1973) proposed a simple heuristic

model that states if:

B < 3.2 (accretion) (2-22)

wT

Hy .

— > 3.2 (erosion) (2-23)

wT
where H; is the significant deep water wave height, w is the sediment fall velocity and T is the wave
period. Kraus (1992) then expanded on this model through use of empirical field data (Figure 2.9) and
developed a non-dimensional plot to determine whether a wave condition would cause erosion or

accretion:

Field Data, Significant Wave Height
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Figure 2.9: Erosion and accretion predictor by field data reproduced from (Kraus, 1992).

Hyong (2008) tested this in a wave flume with an artificial beach with a uniform slope. A series of
expected accretion and erosion wave conditions were simulated in the wave flume and the cross-
shore sediment movement in this study was in agreement with prior literature. However an

equilibrium profile was not reached which may have been caused by a large decay of wave height over
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the surf zone caused by the bar forming a great distance from the shore. This on and off shore
movement of sediment is an important factor in the evolution of nearshore morphology, therefore it
is important to test the Delft3D sediment transport models’ capability of reproducing these erosion
and accretion events as a function of wave height.

Previous studies have been done analysing Delft3D’s sediment transport models capability to hindcast
specific storm events and offshore bar migration. van Son (2009) compared the van Rijn sediment
transport model’s capability to reproduce the flattening of an offshore bar that was monitored during
a storm event in 2008 along the Dutch coast. The results revealed that the van Rijn model showed a
similar offshore migration as physically monitored however the model predicted a greater flattening
of the bar than actually occurred in reality. A major limitation of this study was that the simulation
was done over the period of a few days only investigating erosion. The study did not test whether the

model could reproduce onshore migration of the bar if the investigation covered a longer time period.

2.4.3 Equilibrium Beach Profiles

The theory of equilibrium beach profiles was introduced by Keulegan and Krumbein (1919). The theory
states that over time the erosive and accretive wave forces along most beaches will be balanced and

the beach will erode away from and accrete towards a quasi-equilibrium profile.

Bruun (1954) empirically determined a formula to quantitatively calculate the shape of a specific
beach’s equilibrium profile. The field study monitored beach profiles along the coast of Montery Bay
in California, USA and observed that many natural beaches are concave in shape and the depth varies
as a function of the two thirds power law. It was also found that the steepness of the equilibrium
profile was related to the size of the sediment along the coast. The following generalized power law

was proposed:
h = Ax2/3 (2.24)
where h is the depth calculated, A is a profile shape parameter based on sediment grain size and x is

the distance from the shore. Further studies by Dean, et al. (2001) compiled a summary of profile

shape parameters relating to specific sediment grain diameters as shown in Table 2.1.
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Table 2.1: Summary of recommended profile shape parameter values relative to median grain size (Dean, et al.
2001).
d(mm) 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0.1 0.063 0.0672 0.0714 0.0756 0.0798 0.084  0.0872 0.0904 0.0936 0.0968
0.2 0.100 0.103 2106 0109 0112 0115 0117 0119 0121 0123
0.3 0.125  0.127 ).129 0131 0133 0135 0137 0.139  0.141  0.143
04 0.145 0.1466  0.1482 0.1498 0.1514 0.153  0.1546 0.1562 0.1578 0.1594

( (
( (
( (
( (
0.5 0.161 0.1622 0.1634 0.1646 0.1658 0.167 0.1682 0.1694 0.1706 0.1718
0.6 0.173  0.1742  0.1754 0.1766 0.1778 0.179  0.1802 0.1814 0.1826 0.1838
0.7 0.185 0.1859 0.1868 0.1877 0.1886 0.1895 0.1904 0.1913 0.1922 0.1931
0.8 0.194 0.1948 0.1956 0.1964 0.1972 0.198  0.1988 0.1996 02004 0.2012
0.9 0202 0.2028 02036 0.2044 02052 0206 02068 0.2076 02084 0.2092
1.0 0210 0.2108 02116 0.2124 02132 02140 02148 0.2156 02164 0.2172

Corbella and Stretch (2012) analyse 37 years of beach profile data along the east coast of South Africa.
Their study revealed that after severe erosive storm events, beach recovery did occur and took an
average of two years for the beach to return to its pre-storm state. This indicates that the beaches
along the east coast of South Africa do experience cyclic offshore and onshore sediment movement
and oscillate around a quasi-equilibrium profile. Therefore it is important to determine whether the
process based morphological models available are capable of reproducing this cyclic onshore and
offshore movement in order to accurately capture the cross-shore evolution over time which will

maintain this equilibrium profile observed in reality.
2.4.4 Longshore Transport

Longshore sediment transport occurs when the shear stress of the longshore current generated by
obliquely incident waves in the surf zone is greater than the critical shear stress of the sediment. This
will cause sediment to either move along the bottom as bed load or lifted into the water column and
transported as suspended load in the longshore direction of the incoming wave. An empirical study of
the effects shear velocity has on the transport of non-cohesive sediment showed that the amount of
suspended sediment in the water column will increase with the increase of shear velocity and will

result in coarser grains being lifted into suspension (Wright, et al., 1999).

Figure 2.10 shows that uniform coastlines with a constant supply of sediment will experience a zero
gradient in the longshore transport and the coast will remain stable. Coastal structures such as
breakwaters disrupt the longshore sediment transport creating a positive gradient down-drift and a
negative gradient up-drift of the structure. This causes accumulation of sand up-drift of the structure
and erosion down-drift. Figure 2.11 shows this along sandy coastlines where ports have been

constructed using breakwaters that extended seaward past the surf zone (Bosboom & Stive, 2012).
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Left unattended, this can cause negative impacts which include the accumulated sand reaching the
end of the breakwater and spilling into the port entrance channel and significant loss of beach down-
drift of the port due to a lack of sediment supply. This is an important component of this study because
a firm understanding of the longshore transport along a coastline is needed to implement a successful
bypass scheme, involving dredging and beach nourishment, to mitigate this effect that occurs around

coastal structures.
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Figure 2.10: Plan view of longshore sediment transport along a uniform coastline (Bosboom & Stive, 2012).

7

Figure 2.11: Plan view of longshore disruption caused by port breakwaters (note updrift accretion and down-drift erosion
(Bosboom & Stive, 2012).

Schoonees (1992) analysed the net longshore transport rates along the coast of South Africa using
Durban and Richards Bay as case study locations. Sediment transport data was inferred from surveyed
beach profiles, bathymetry volumetric differences and sand accumulation in the harbour sand traps
between 1979 and 1993. His results revealed that the mean net longshore sediment transport along
the coast of Richards Bay was in the order of 850000 m3/year while Durban experienced a lower mean
transport rate of 500000 m3/year. This study was important for longshore calibration purposes of the

sediment transport model used in this investigation.
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2.5 Sediment Transport Models

In order to understand and predict the movement of sediment within a coastal system, a number of
semi empirical models have been developed. A large amount of research has been done testing the
capability of these models and either proving or disproving their validity against field data. The models
discussed in this review will be limited to the bulk longshore transport models used for calibration

purposes and the appropriate process based coastal sediment transport models within Delft3D.
2.5.1 Bulk Transport Models

The bulk sediment transport models considered in this study use wave conditions such as height and
incoming direction to estimate the longshore transport rate. These models could utilize the wave data
gathered from the Richards Bay wave rider buoy to estimate the annual longshore transpo