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Abstract

Worldwide, coastal regions are threatened by sea-level rise and an increasing number of extreme storm events
as a result of climate change. Traditionally, hard engineering techniques were used for shoreline protection.
However, due to the negative side effects at adjacent beaches, current strategies tend to focus more on sus-
tainable, so-called soft solutions, such as nearshore berm nourishments. Although several manuals are avail-
able describing the preliminary design of nearshore berm nourishments, most of them are based on expert
judgment and not on quantitative predictions. This can lead to design flaws and, therefore, to unnecessary
costs. To overcome this problem, this research aims to increase the understanding of the development of
nearshore berm nourishments in relation with the corresponding shoreline evolution. The shallow concen-
trated nearshore berm nourishment placed in 2018 at New Smyrna beach was used as a case study.

New Smyrna Beach, a city located in Volusia County, Florida, suffers from shoreline erosion and accretion to
the local inlet. As a countermeasure, the inlet is regularly dredged and the obtained sediments are placed
in the nearshore zone of New Smyrna Beach. The most recent maintenance operation included a sand
placement of 350,000 m3 and was monitored by a mini Argus-system, providing hourly imagery data of the
nearshore zone. The data consisted of Snapshot, Timex, Variance, Brightest, and Darkest imagery data from
August 2018 to September 2019. The dredging and nourishing activities started in the first week of August
2018 and continued until the last week of February 2019.

In three steps, the coordinates of the placement locations and position time-series of the berm/bar and shore-
line were extracted from the Argus imagery data. In this thesis, the terminology berm/bar was used to de-
scribe both the nearshore berm and sandbar, as no separation between both features could be made using
the Argus imagery data. First, the placement locations were obtained by a manual determination of the pipe
outflow using georectified and merged Timex imagery, leading to a time-series of 87 daily position locations.
Second, the berm/bar positions were found using the Bar Line Intensity Model (BLIM) in combination with
georectified merged Timex imagery, resulting in 359 daily nearshore berm/bar position locations. The BLIM
model extracts locations of persistent wave breaking from the imagery data by finding maxima in the image
intensity profiles. Subsequently, the locations of persistent wave breaking are assumed to correspond with
the crest of the berm/bar. Third, the shoreline positions were extracted via a manual determination approach
using georectified merged Timex imagery, generating 165 daily positions. Before the extraction of the shore-
line positions, the input images were adjusted to higher contrast and blue-tone levels. This led to increased
visibility of the separation line between water and sand.

Behind the nourishment area, an offshore bar/berm movement and shoreline increase in the first six months
was found via time-series analysis. After completion of the nourishment operation, an opposite berm/bar
migration was found, and onshore movement occurred during the remaining seven months. Additionally,
the shoreline positioning was stable for five months, after which it started eroding. Downdrift of the nourish-
ment area, alternating erosion patterns up to 20 meters were found. Considering all alongshore sections, the
maximum shoreline increase was nearly 80 meters and were observed one month after nourishment comple-
tion. The final shoreline increase was approximately 50 meters. In total, the beach gained more than 3,000m?
of surface area, spread over an alongshore section of 1.2 kilometers.

The influence of the hydraulic forcing on the nearshore berm and shoreline migration was analyzed at the
alongshore center of gravity of the nourishment, and two locations at the side of the nourishment. From
time-series analysis, it was found that alongshore wave energy events corresponded with downdrift shore-
line erosion. 72 % and 62 % of the total alongshore wave energy was related to erosive migration rates at
respectively the south and the north side of the nourishment. At the alongshore center of gravity, the berm
and shoreline migrations were related to the cross-shore wave energy events. It was found that during the
nourishment activities, cross-shore wave energy was related to offshore berm migration, while after comple-
tion, the wave energy was related to onshore berm migration. Furthermore, during 34 % of the time, onshore
berm migration corresponded with shoreline advance. In total, 33 % of the cross-shore wave energy could be
related to this migration behavior.



vi 0. Abstract

By reflecting on the results, it is suggested that the theoretical Feeder and Leeside effects played an important
role in shoreline dynamics. The Feeding effect is characterized by shoreward propagating accretionary waves
(SPAWSs) while the Leeside effect is depicted by shoreline erosion patters downdrift of the nourishment in-
duced shadow zone. Contrary to most nearshore berm nourishments, the placement at New Smyrna Beach
resulted in a significant increase of 45,000 m? of the sub-aerial beach. Although not validated in this study, it
is hypothesized to be a result of the high cross-shore density of the nourishment, = 875 m3/m, and shallow
placement location of 4-5 meters.



Contents

Abstract v
Acronyms and Abbreviations ix
1 Introduction 1
1.1 Thesismotivation. . . . . . . . . . . . o o e e e e e e e e e e e e e e 1

1.2 Problemanalysis . . . . . . . . ... 1
1.3 Researchobjective . . . . . . . . . . . . . L 2
1.4 Scope. . . . o e e e e e e e e e e e e 2

1.5 Researchquestions . . . . . . . . . . . . . e e e e e e 2
1.6 Outline and Methodology. . . . . . . . . . . . . . . e e e e 3

2 Theoretical background 5
2.1 Definition nearshore berm nourishment . . . . . . . . . ... ... ... ... . ..., 5

2.2 Nearshore berm nourishmentbehavior. . . . . . . . . .. ... ... ... .. 0L .. 5
2.2.1 Bermdiffusion. . . . . . .. L 5

2.2.2 Alongshore berm migration . . . . . . . . . ... ..o 6

2.2.3 Cross-shoreberm migration. . . . . . . . . .. .. ..o 6

2.3 Shorelineresponse . . . . . . . . . . i e e e e e e e e e e e 7
24 Coastalmonitoring . . . . . . . . . L. e 8

3 Data acquisition and site description 11
3.1 Introduction . . . . . . . . . L e e e e e e e e e 11
3.2 Hydrodynamics. . . . . . . . . . . L. e e e e e 12
3.3 Topographyandbathymetry . . . . . . . . . . . . . . 13

3.4 Nourishmentinformation . . . . . . . . . .. . .. e 14
3.5 Siteimagerycollection . . . . . . . ... L 14

4 Converting images to berm and shoreline positions 17
4.1 Introduction . . . . . . . . . L e e e e e e e e e e e 17
4.2 Sedimentoutflow positions. . . . . . . . . L Lo e 18
4.2.1 Appliedmethod . . . . . . . . . ... 18

4.2.2 Imagerytypeselection. . . . . . . . . . .. 18

4.2.3 Constructing time-series. . . . . . . . . . . . . ..t 19

4.3 Nearshore berm/bar positions . . . . . . . . . . .. L e 19
43.1 Appliedmethod . . . . . . . . . . . e e e 19

4.3.2 Imagerytypeselection. . . . . . . . . . L e 20

4.3.3 Constructing time-series. . . . . . . . . . . . . . i e e e e e e e e 25

4.4 Shorelinepositions . . . . . . . .. L. L e 25
4.4.1 Descriptions methodsusedinliterature . . . . . . . . . . ... ... .. L. 26

4.4.2 Methodselection . . . . . . . . . . . e e e 26

4.4.3 Constructing time-series. . . . . . . . . . . ... Lo e e 32

45 Concludingremarks . . . . . . . . . L. L e e e 33

5 Description of nearshore berm and shoreline migration 35
5.1 Introduction . . . . . . . . . . . . e e e e e e e e e e e e 35
5.2 Theoretical migration. . . . . . . . . . . ... Lo e e 35
5.2.1 Nearshoreberm . . . . . . . . . . . . e e 35

5.2.2 Shoreline. . . . . . . . . . e e e e e 36

5.3 Imagerytime-seriesanalysis . . . . . . . . . . ... L L e 37
5.3.1 Sedimentoutflow . . . . . . . . . . . e e e e e 37

5.3.2 Nearshore berm/bar migration . . . . . . . . ... . ... L0 0oL 37

vii



viii Contents

5.3.3 Shorelinemigration . . . . . . . . . . ..o e 39

54 Concludingremarks . . . . . . . . ... L Lo e 43

6 The influence of the hydraulic forcing on the nearshore berm and shoreline migration 45
6.1 Introduction . . . . . . . . . . L e 45

6.2 Influencebasedontheory . . . . . . . . . . . .. L L L 45

6.3 Influenced based on imagery time-series . . . . . . . . . .. ... ..o oo 46
6.3.1 Hydraulicforcing . . . . . . . . . . . e 46

6.3.2 Position time-seriesanalysis. . . . . . . ... Lo Lo oL 47

6.4 Comparison theoryand time-series. . . . . . . . . . . . . ... Lo e 50

6.5 Concludingremarks . . . . . . . . . . . L L e 52

7 Discussion 55
7.1 Reflectionofresults. . . . . . . . . . . L e 55
7.1.1 Potential benefits of Argus monitoring. . . . . . . . ... ..o 0oL 55

7.1.2 TheFeedereffect. . . . . . . . . . . . ... . e 56

7.1.3 ThelLeesideeffect . . . . . . . . . .. ... . L o 58

7.1.4 Efficiency of nearshore berm nourishments . . . . . . . . ... ... ... 0L 59

7.2 Assumptions and inaccuracies . . . . . . ... ool Lo e e s e e e e e 61
7.2.1 Sedimentoutflow positions . . . . . . . ... Lo 61

7.2.2 Nearshore berm/barpositions. . . . . . . . . . . . . ... e 61

7.2.3 Shoreline positions . . . . . . . . . ... e e e e e e e e 61

8 Conclusions 63
8.1 Converting images to berm and shoreline positions . . . . . .. ... ... ... ... ... 63

8.2 Description of the nearshore berm and shoreline migration . . . . . . . . ... ... .. ... 64

8.3 Influence of the hydraulic forcing on the nearshore berm and shoreline migration. . . . . . . . 64

8.4 Answertoresearchquestion . . . . . . . . . . . . ..o 66

8.5 Recommendations . . . . . . . . . .. Lo 66
References 69
A History of nearshore berm nourishments 73
B Tidal harmonic constituents NSB 75
C Linear wave transformation 77
Cl Input . . . . . o e e e e e e e e e 77
C.2 Methodology . . . . . . . . . . e e 77

C.3 Results . . . . . . e e e e e e 78



Acronyms and Abbreviations

Acronym / Abbreviation = Description

ANN Artificial neural network

BLIM Bar line intensity mapper

CCD Color channel divergence

CG Center of Gravity

CIRN Coastal imaging research network

DOC Depth of Closure

FRF Field Research Facility

MHHW Mean Higher High Water

MHW Mean High Water

MLILW Mean Lower Low Water

MIW Mean Low Water

MSL Mean Sea Level

NAD83 North American Datum of 1983
NADV88 North American Vertical Datum of 1988
NDBC National Data Buoy Center

NOAA National Oceanic and Atmospheric Administration
NSB New Smyrna Beach

PIC Pixel intensity clustering

RGB Red Green Blue

ROI Region of interest

SLIM Shore line intensity maximum

SPAW Shoreward propagating accretionary wave
Timex Time exposure

USACE United States Army Corps of Engineers







Introduction

1.1. Thesis motivation

Coastal regions are threatened by sea-level rise and an increasing number of extreme storm events as a result
of climate change. Nearly 20 % of the world population, which accounts for 1.4 billion people, lives within a 25
kilometer radius of the coastline (Williams et al., 2018). Furthermore, 4.7 trillion in assets is exposed to coastal
flooding. Both these numbers are likely to increase in the future due to socio-economic and demographic
development. This makes coastal protection, to protect these people and assets, more relevant than ever.

One of the places that suffer from the effects of climate change is New Smyrna, which is located on Florida’s
Central Atlantic Coast. The local beach is prone to hurricanes (Bruder et al., 2019a) and suffers from erosion,
which threatens private development, recreational interests, and sea turtle nesting habitats (Clark, 2019). To
counteract shoreline retreat, the beach is replenished regularly. According to the American Shore and Beach
Preservation Association, several beach fill and nearshore nourishment projects have been executed over the
years (ASBPA et al., 2018). However, the most effective nourishment strategy for beach restoration is not yet
found, causing unnecessary costs, recreational hinders, and environmental damage (Figure 1.1).

Figure 1.1: Beach erosion and property damage due to Hurricane Jeanne (2004) at New Smyrna
Beach (left). The filling of sandbags which act as a temporary seawall (right).
Retrieved from: www.city-data.com/disaster-photos/11864.html

1.2. Problem analysis

Until the nineties, hard engineering techniques (e.g., breakwaters, sea walls, groynes, revetments) were tra-
ditionally used for shoreline protection. These man-made structures locally protect the coast by absorbing
wave energy, limiting erosion rates, and reducing the risk of floods. The lifetime of these structures is mostly
in the order of decades. However, the construction of these structures can be costly. The main disadvantage
of hard engineering techniques are the potential negative side effects; in many cases, the interventions lead
to significant erosion on adjacent shorelines. Furthermore, hard solutions are not preferred for recreational
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issues, as it brings discontinuities in the natural look of the beach. Therefore, current strategies tend to focus
more on sustainable, so-called soft solutions(Hamm et al., 2002).

Soft engineering focuses on the use of ecological principles. This means that the main goal is to reduce ero-
sion, but at the same time achieves stabilization and safety of shorelines while enhancing habitat, improving
aesthetics, and saving money (Caulk et al., 2000). Illustrations of soft engineering are nourishments, dune
regeneration using vegetation, creating marshland, and beach re-profiling. One of the most used techniques
is shore nourishment. Opposite to hard engineering techniques, the shoreline retreat is combated with a
supplement of sediments. The nourishment fills the shortage in the sediment budget, leading to a temporal
reduction of the original shoreline erosion rates. However, because the origin of erosion is not eliminated,
nourishments have to be executed periodically for efficient coastal protection.

Maintaining or increasing the shoreline is the primary goal of most nourishment projects, which can be
achieved by creating a nearshore berm or performing beach nourishment. The efficiency of nearshore berm
nourishments, defined by the volume of sand reaching the coast within five years, is estimated between 20
and 30 percent (Van Rijn, 2011). Furthermore, it is difficult to predict as it depends on site-specific conditions
(Brutsché et al., 2019). Beach nourishments are known to be more effective in reinforcing the shore. However,
these kinds of nourishments also cause significant hinder to beach activities and are more expensive. For this
reason, nearshore berm nourishments are increasingly proposed nowadays.

Although several manuals are available describing the preliminary design of the nearshore berm nourish-
ment, most of them are based on expert judgment and not on quantitative predictions (Hamm et al., 2002).
From a societal point of view, this is a problem. Contractors can only give estimations about the amount of
sediment reaching the coast. If less sediment than expected reaches the coast, this results in a lower level of
coastal protection. Consequently, the vulnerability of assets and the environment increases. Furthermore,
dredging activities have to take place more frequently than expected, which leads to unnecessary costs. A
surplus of sediments enhances the shoreline to a level that is potentially higher than required. Although
providing extra protection, the money needed cannot be used for other societal purposes.

Due to climate change, the sea level is rising, and there is an increased likelihood of more extreme storms. To-
gether with the negative impacts of hard engineering techniques, a better understanding of nearshore berm
nourishments and associated shoreline responses are important to improve coastal management strategies

1.3. Research objective
This research aims to increase the understanding of the development of nearshore berm nourishments in
relation with the corresponding shoreline evolution.

1.4. Scope

This study focuses on the nearshore berm nourishment placed in 2018 at New Smyrna Beach. By investigating
the berm and shoreline development, it is desired to increase the predictability of subsequent nearshore
nourishment at this location.

1.5. Research questions
The research objective is converted into the following main research question:

How does a nearshore, concentrated berm nourishment influence the beach during and after nourishment
activities?

The following sub-questions support the research question:

1. How can the nearshore berm and the shoreline positions be optimally extracted from the New Smyrna
Beach imagery data?

2. How did the nearshore berm and shoreline migrate during and after the nourishment activities?
3. What is the influence of the hydraulic forcing on the nearshore berm and shoreline migration?

Together, the three sub-questions answer the main research question. Additionally, it provides the opportu-
nity to reflect on the Feeder and Leeside hypotheses.
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1.6.

Outline and Methodology

The outlines and general methodology of each chapter are stated point-wise.

Chapter 2: the report starts with a literature review to provide a theoretical basis for answering the
research question. Relevant findings on nearshore berm migration behavior and related shoreline pro-
cesses are described. Additionally, coastal monitoring and, in particular, coastal imaging are discussed.

Chapter 3: data acquisition and the New Smyrna Beach site are described in the third chapter of this
thesis. After a site introduction, the local hydrodynamics and morphodynamics are discussed. This
includes the description of the wave height, wave direction, water levels, and the bathymetry. Finally,
the chapter concludes by stating relevant nourishment information and explaining the site imagery
collection.

Chapter 4: the first sub-question "How can the nearshore berm and the shoreline development be op-
timally extracted from the New Smyrna Beach imagery data?” is answered by comparing multiple data
extraction methods. The available imagery data contains shoreline and berm positions, which need to
be obtained most accurately. The berm position can be found using a pixel-intensity based extraction
model, but the question remains which imagery format to use. Four available imagery output types
are compared to find the type with the most consistent output. Subsequently, several shoreline extrac-
tion models are available, each based on different imagery characteristics and using specified output
formats. Four available models are compared to find the model resulting in the most accurate and
consistent shorelines for New Smyrna Beach.

Chapter 5: the second sub-question "How did the nearshore berm and shoreline migrate during and
after implementation of the nourishment?” is answered by a theoretical description and a description
based on the time-series analysis. The first describes the theoretical berm migration based on the lo-
cal hydraulics and the placement location, while the theoretical shoreline migration is defined by the
Feeder and Leeside effects. The latter quantitatively describes the nearshore berm and shoreline migra-
tion in cross-shore and alongshore directions by analyzing the time-series. Furthermore, the evolution
of beach width, beach surface area, and alongshore spreading are stated.

Chapter 6: the third sub-question ” What is the influence of the hydraulic forcing on the nearshore berm
and shoreline migration?” is answered by relating the cross-shore and alongshore wave energy fluxes
to the nearshore berm and migration behavior. In line with Chapter 5, both the theoretical influence
and influence based on the time-series are analyzed. The theoretical influence of the hydraulic climate
on the nearshore berm and shoreline is described via the Feeder and Leeside effects. Subsequently, the
time-series are compared, and it is tried to find indications of both theoretical effects.

Chapter 7: result interpretations, the limitations, and uncertainties are debated in a discussion. The
chapter reflects on the berm and shoreline migration patterns and compares the behavior to other
nourishment sites. Furthermore, this chapter is used to reflect on the Feeder and Leeside hypothesis.

Chapter 8: the main research question, "How did the nearshore berm nourishment influence the New
Smyrna Beach during and after nourishment activities?”, is answered in this chapter. Additionally, rec-
ommendations for future nearshore berm nourishment at New Smyrna Beach and research suggestions
for the Feeder and Leeside effects are given.






Theoretical background

The literature review provides the basic concepts of nearshore berm nourishments. The Chapter starts by
stating the used definitions, followed by a description of nearshore berm migration behavior in alongshore
and cross-shore direction. Subsequently, the theoretical shoreline response to a nearshore berm nourish-
ment is discussed. The Chapter concludes by describing coastal monitoring systems.

2.1. Definition nearshore berm nourishment

A submerged placement of sediments in the nearshore area is called a nearshore berm nourishment (Huis-
man et al., 2019). Commonly, the nearshore berm nourishment is placed seaward of the outer bar (Figure
2.1, Dronkers (2016)). Synonyms for a nearshore berm nourishment are shoreface nourishment or just berm
nourishment. The deposited sediments form a berm, which is also referred to as sandbar or sandbank. In
this report, the terms nearshore berm nourishment and berm are used to describe the placement method
and local bed elevation due to the nourishment. Already existing shoals are called (sand)bar.

Nearshore zone

Nearshore berm

nourishment Dunes

Beach
Outer bar Inner bar

Figure 2.1: A cross-shore beach profile highlighting the nearshore zone and a commonly used
nearshore berm nourishment location. Adapted from: van de Ven and van Zelst (2019).

2.2. Nearshore berm nourishment behavior

The behavior of the placed berm depends on local hydrodynamic and morphodynamic conditions and is
difficult to predict (Brutsché et al., 2019). Several project sites, mostly in the United States, Australia, and the
Netherlands, are extensively monitored and researched. In general, the spatial evolution of a nearshore berm
can be divided into diffusion, alongshore migration and cross-shore migration.

2.2.1. Berm diffusion

Berm diffusion is the spatial spreading of sediments. Over long enough time scale, nearshore berm nour-
ishments will diffuse in the alongshore and cross-shore direction. The extent is determined by the spatial
characteristics of the nourishment and the hydrodynamic climate. In general, the larger the nourishment
height and the smaller nourishment width and the more energetic wave conditions, the stronger the diffu-
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sion. Additionally, if the nourishment grain size differs from the native sediments, this influences the diffu-
sion processes. A smaller relative grain size speeds up the diffusion of the nourishment (Hamm et al., 2002).

Huisman et al. (2013) studied eight field sites in the Netherlands to isolate the advective and diffusive com-
ponents of nearshore nourishments. The paper states that the diffusive character of the berms is the leading
cause of coastline perturbations. Additionally, it concludes that the berm diffusion is more strongly corre-
lated with the severity of the wave climate than with the spatial characteristics of the nourishment, as the
diffusion rates were approximately the same for all nourishments.

2.2.2. Alongshore berm migration

Advection or alongshore berm migration is the movement of the berm in alongshore direction and is not
studied in great detail yet (Huisman et al., 2013). The alongshore migration is triggered by waves approaching
the coast with an angle of incidence. The resulting sediment transport causes the berm to advect (Hamm
etal., 2002). In correspondence with the berm diffusivity, the alongshore migration is accelerated if the berm
grain size is smaller than the native sediments (Hamm et al., 2002).

2.2.3. Cross-shore berm migration

A berm can be classified into two categories: a stable berm or an active berm. Over time, an active berm
migrates towards the shore while a stable berm remains at the placement site. An overview of nearshore
berm nourishments and observed migration from 1935 to 2010 is given in Appendix A.

According to Hands and Allison (1991), the stability or movement of the berm can be estimated by the closure
depths of Hallermeier. Berms that are placed in the littoral zone are defined as active, whereas stable berms
are found in the offshore zone. In the shoal zone, both active and stable berms are found. Additionally,
Hands and Allison developed a second method. It is found that the berm movement is correlated with near-
bed velocities. When 75 velocity-percentile exceeds 40 centimeters per second, the berm should be active.
The same holds when the 95-velocity percentile exceeds 70 centimeters per second. During field tests, it was
observed that using the depth of closure may lead to conservative results (Brutsché et al., 2019).

Alternatively, during a study at the FRF in Duck, NC, a relation between the Dean number and the berm mi-
gration behavior was established. If the Dean Number, defined as the wave height divided by the fall velocity
times the period, is found to be larger than 7.2, the berm will migrate offshore. Otherwise, it will migrate
onshore (Larson and Kraus, 1992). To validate the study, the criteria were tested to a nearshore berm at Silver
Strand, California. The results validated the criteria obtained at the FRF as it successfully predicted the mi-
gration behavior of the nearshore berm (Larson and Kraus, 1992). Nowadays, this methodology can still be
used to design a nearshore berm (Brutsché et al., 2019).

Offshore Sandbar Migration Onshore Sandbar Migration

Onshore acceleractions are stronger
than offshore acciﬁle%acnons
m near the

Large waves break on the bar Mean currents are offshore Small waves pitch forward & maximu ar crest

(currents are strong) & maximum near the bar crest on the bar (currents are weak) © T Velocity, Acceleration ®
% N\X)\}&\/Mw %
. — 3 o> 8
Beach Beach -
Bar Bar = ~g
\ Sediment ‘/
Sediment” —» -
Bar moves offshore Bar moves onshore
Gradients in currents move the sandbar offshore Gradients in acceleraction skewness move the sandbar onshore

Figure 2.2: Left: large waves break at the sandbar, causing an offshore-directed current. The
gradient in the undertow velocity results in an offshore movement of the berm. Right:
non-breaking pitched forward waves are generating more substantial onshore accelerations than
offshore accelerations, causing an onshore berm migration. Adapted from Hoefel and Elgar
(2003).
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Besides the migration trend caused by the placement location, berm development is also influenced by vari-
abilities in the wave climate. In general, offshore berm migration is found during significant wave breaking
(Figure 2.2 A) and onshore migration during a calm wave climate (Figure 2.2 B). Offshore migration is caused
by gradients of the undertow velocity, which in turn, is generated by wave breaking on the bar (Hoefel and
Elgar, 2003). On the other hand, skewed non-breaking waves on top of the bar crest are causing an onshore
bar migration during a more mild wave climate (Hoefel and Elgar, 2003). The strength and duration of the
hydraulic conditions determine the related migration velocities. During constant wave conditions, the beach
profile tends to develop to the equilibrium shape (Cheng et al., 2016).

2.3. Shoreline response

Stable and active berms both influence the shoreline differently. Stable berms remain at the placement lo-
cation and have relatively low diffusion rates compared to active berms (Section 2.2.3). Additionally, stable
berms shelter the shoreline from high energy events, which is the so-called Leeside-effect (Otay, 1994)). Be-
sides, the calmer wave climate leads to a reduction of the local alongshore transport capacity, which allows
sediments to settle more easily. Downdrift, adjacent coastlines may suffer from erosion when the transport
capacity picks up (Figure 2.3, left, van Rijn and Walstra (2004)).

As an example, an 8-year study of a nearshore berm nourishment at Perdido Key, Florida, showed minimal
displacement (Brutsché et al., 2019). Simultaneously with the nearshore berm nourishment, a beach nour-
ishment was placed. Site investigations and additional wave modeling confirmed that the berm acted as a
breakwater, reducing the wave energy reaching the shoreline. Although several hurricanes passed by, 84 % of
the initial beach nourishment was still in place after three years (Work et al., 1996). The final bathymetry sur-
vey was executed at the end of the study. After eight years, 41% of the beach nourishment remained (Browder
and Dean, 2000).

Active berms migrate towards shore and diffuse over time (Section 2.2.3). Similar to stable berms, active
berms also protect the shoreline from incoming wave energy. However, due to smaller water depth at the
bar crest, the Leeside-effect already holds during a calmer wave climate. Additionally, active berms feed the
shore with sediments. Whereas larger waves break at the seaward side of the berm, an increase in sediment
transport is caused by shoaling non-breaking waves on top of the bar. The non-breaking waves will develop
a pitch forward shape, which leads to a net shoreward near-bed velocity (Figure 2.2, right & Figure 2.3, right)
and eventually shoreline accretion. The remaining waves behind the berm will lead to less stirring and lower
wave-induced return flow, which causes offshore transport to decrease (Delft Hydraulics (2001), van Rijn and
Walstra (2004)).

Sea Down / Beach Sea Beach

New shoreline

Lee of nearshore

berm nourishment New shoreline

Nourishment Onshore directed
rea mass transport
Old shoreline Old shoreline
2%%% Retu
Wave direction pdrift;

Figure 2.3: Expected shoreline change due to the Leeside-effect (left) and Feeder-effect (right).
The shoreline is protected from incoming wave energy by the Leeside-effect. Additionally, it
lowers the alongshore transport capacity, which allows sediments to settle. The Feeder-effect
describes shoreline accretion due to onshore migration of sediments from the nourishment and a
decrease in offshore transport capacity. Adapted from: van Rijn and Walstra (2004).



8 2. Theoretical background

In 2009, a nearshore berm nourishment was executed in Fort Myers Beach, Florida, near the Northwest part
of the island. The material consisted of up to 16 % fine material. During the monitoring period, it was found
that the berm migrated in shoreward direction. Berm evaluation was influenced by high energy events, re-
sulting in an accelerated equilibration process. After four years, the profile was returned to the pre-nourished
dynamic equilibrium. Fort Myers Beach width was enlarged as a result of the feeding effect of the berm. Ad-
ditionally, adjacent beaches also benefited from the dispensed sediments and gained in width. The dry beach
grain size remained constant during the same over the four-year study, indicating an offshore movement of
the fines (Brutsché et al., 2019).

2.4. Coastal monitoring

To gain insight into nourishment developments and resulting beach response, it is necessary to understand
the processes happening in the nearshore zone. Traditionally, coastal monitoring is done by waterborne ves-
sel as ships and jet skis and delivers accurate bathymetry data. To estimate the performance of a nearshore
berm nourishment, Beck et al. (2012) suggests a semi-annually monitoring schedule throughout 1 to 3 years.
However, to be able to understand the behavior during individual erosive events, more high-frequency mon-
itoring is needed. Due to high costs and impractical working conditions during storm events, traditional sur-
veying methods do not suffice. A preferred method for obtaining the necessary nearshore data is via optical
imaging of the nearshore(Hamm et al., 2002).

Coastal imaging provides imagery data with a high spatiotemporal resolution at low costs relative to tradi-
tional monitoring methods. After processing, the imagery data can be used for coastal analysis. Examples are
Coastal COMS, Coastal SNAP, and Argus Coastal Monitoring.

The most established system, ARGUS, was initiated in 1980 by the Coastal Imaging Lab of Oregon State Uni-
versity. After continuous developments, the first station was set up in 1992 in Yaquina Head, USA (Holman
and Stanley, 2007). The Argus system consists of several video cameras connected to a host computer and is
installed on top of a specially designed tower. As the construction and installation of the tower and system
are time-consuming and costly, the system is only cost-effective for long-term projects, ranging from multiple
years to decades (Bruder et al., 2019b).

Dr. John Stanley and Dr. Shawn Harrison developed a mini Argus-system at the United States Geological
Survey Institute to reduce the infrastructure barrier to entry (Bruder et al., 2019b). The miniaturized system
utilizes the same architecture as the Argus system, but can be rapidly deployed and is with $6000 often cost-
effective. Instead of designing and constructing the Argus-tower, the mini Argus system makes use of existing
high rise buildings to match the spatial scope of the Argus system. So far, there are approximately 50 (mini)
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Figure 2.4: The world map displaying (former) Argus project (blue) and the New Smyrna Beach
nourishment project (red).
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Argus stations. Most of them are located in The United States, Europe, and Australia (figure 2.4) and aims to
measure the change of shoreline in time. However, there is a wide variety of other monitoring goals. Popular
are the approximations of sandbar locations, nearshore morphology and bathymetry, the behavior of rip
currents, and the effectiveness of nourishments.

The (mini-) Argus system delivers five output types: Snapshot, Time-averaged image, Variance image, Bright-
est image, and a Darkest image.

¢ The Time-averaged image (Timex) is the average image during the compiling time of the Argus-system.
Timex imagery are often used for extracting sandbar (Lippmann and Holman, 1989) and shoreline loca-
tions (Holman et al., 1993). Namely, one of the most noticeable features in Timex imagery are locations
of persistent wave breaking. Because waves tend to break at certain wave height to water depth ratio,
wave breaking is closely tied to the underlying bathymetry. In an unsaturated wave field, the first waves
start to break at the most offshore sandbar, and the last waves will release their energy at the shoreline.
Due to the averaging effect of the Timex, wave breaking appears as a bright band along the shore and is
clearly visible adjacent to darker regions of less wave action (Holman et al., 1993).

» The Variance imagery, computed by time-standard deviation within the compiling time, are also occa-
sionally used for the extraction sandbar and shoreline locations (Guedes et al., 2011). Variance imagery
show change within the 10 minute sampling period and, therefore, can filter out non-changing fea-
tures. However, the results of the Timex and Variance images are not necessarily the same. Regarding
the extraction of sandbar locations, Variance images often lead to a more offshore location compared
to Timex (Guedes et al., 2011).

¢ The use of the Brightest and Darkest imagery is still the subject of experimentation (Holman and Stan-
ley, 2007). The Brightest imagery displays the maximum intensities during the sampling time and can
be related to maximum wave run-up. Additionally, Darkest images, displaying the lowest intensities
during sampling time, can be used for tracking more dark features in the sea, like sediment plumes and
floating debris.






Data acquisition and site description

This Chapter starts with introducing the New Smyrna Beach site. Subsequently, the hydrodynamics and mor-
phodynamics at the start and during the nourishment activities are discussed. This includes a bathymetry
overview of August 2018 and the wave heights, wave directions, and water levels from August 2018 to Septem-
ber 2019. The Chapter concludes with specifying the site imagery collection and the stating of information
about the most recent nourishment (August 2018 — March 2019).

3.1. Introduction

New Smyrna Beach is a beach town in Volusia County, Florida, and houses approximately 28,000 inhabi-
tants. It is located on a barrier island and is enclosed by the Atlantic Ocean on the east-side, the Ponce de
Leon Inlet at the north- and west-side. New Smyrna Beach has a humid subtropical climate, resulting in hot,

humid summers and dry, mild winters.
At high tide, sediments are transported
into The Ponce de Leon Inlet, causing
chronic shoaling. Additionally, the area is
prone to high energy wave events, caus-
ing erosion to the shoreline (Clark, 2019).
The shoreline retreat threatens private
assets and pressurizes recreational activ-
ities (Bruder et al., 2019a). To counter the
shoaling effect, The Ponce de Leon Inlet
is regularly dredged. The obtained sed-
iments are used to strengthen the coast.
Most recent maintenance dredging and
nourishing operation was awarded to
Cavache Inc in June 2018 by the US
Army Corps of Engineers (USACE). The $
8.55 million contract included the dredg-
ing of the Ponce de Leon Inlet and the
placement of excavated material in the
nearshore of New Smyrna Beach. Fig-
ure 3.1 illustrates the planned dredg-
ing route and placement template. The
dredging activities (August 2018 — March
2019) and the subsequent response of
the coast were monitored using a mini
Argus-system. In September 2019, the
monitoring stopped, and the mini Argus-
system was uninstalled.

Camera Locations

Pipe Outflow

Planned Dredging
B Placement template

Florida

Northing [km]

| 1 0
Easting [km]

208 211 212

Figure 3.1: A satellite image of New Smyrna Beach and the Ponce
de Leon inlet with the planned dredging and nourishing
activities. The coordinates are NAD83/Florida East (km)
coordinate system. Adapted from: Bruder et al. (2019a).
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12 3. Data acquisition and site description

3.2. Hydrodynamics

The wave climate for New Smyrna Beach from July 2018 to October 2019 was obtained from the closest wave
buoy, station 41009, of the National Data Buoy Center (NDBC). The buoy, located 90 kilometers south and 30
kilometers offshore of New Smyrna Beach, records, among others, the wave direction of the dominant waves,
significant wave height, and dominant wave period every 10 minutes. In addition, water level information
was extracted from the closest station, 8721120 of the National Oceanic and Atmospheric Administration
(NOAA). The station is positioned at Daytona Beach, 13 kilometers north of New Smyrna Beach. Harmonic
constituents deduced from the 1983 -2001 epoch of Daytona Beach were also obtained from the NOAA.

The wave climate had to be transformed from offshore to nearshore to explain morphodynamic changes
(Chapter 5). The transformation of the wave climate (buoy 41009) was done using linear wave theory. In this
Section, only the results are described. A detailed description of the wave transformation process is given in
Appendix C. The resulting nearshore dominant wave directions and nearshore significant wave heights are
displayed in Figure 3.2 and Figure 3.3. The mean significant wave height was calculated at 1.50 meters (August
2019 - September 2019). From June till August, the wave height was well below average. In the remaining
months, the wave height was more variable and had a maximum of 9.0 meters in September 2019, when
Hurricane Dorian approached the coast.
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Figure 3.2: The nearshore significant wave height and mean wave height at NSB from July 2018 to
October 2019 in meters.

The wave directions and shoreline orientation are illustrated in degrees and cardinal directions (Figure 3.3).
The direction indicates the position from which the waves were coming. In nautical convention, the wave
direction varied between 45 and 90 degrees, implying an angle of incidence between -20 and 25 degrees
relative to the shore normal. From June till August, the waves were coming more from the East compared
to the remaining months of the year. In general, the observed water levels at Daytona beach vary between
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Figure 3.3: The nearshore wave direction of the dominant waves at NSB from July 2018 to October
2019 and shoreline orientation in degrees and cardinal directions.

+0.7 and -1.3 meters. However, local water level extremes went up to + 1.4 and -2.2 meters relative to NADV88
(Figure 3.4). The extremes often corresponded with energetic wave conditions (Figure 3.2) and, therefore, are
the likely result of significant winds and low atmospheric pressure during storms. On a larger scale, a weekly
signal caused variations in the water levels. Due to the different geographic locations, the water levels at New
Smyrna Beach may be lagged compared to the water levels at Daytona Beach. However, no substantial water
level differences were expected because both the collecting station and New Smyrna Beach are not situated
in estuaries or have complex bathymetries.

A reconstruction of the tide at Daytona Beach was made using the principle of superposition. The used local
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harmonics can be found in Appendix B. The two largest are the principal lunar and solar constituents. Both
contributed significantly to the semi-diurnal tide at Daytona Beach. Together with the water levels, the daily
low tide and high tide estimations are illustrated in Figure 3.4. All levels are given in meters and are relative to
the NAVD88. With a Mean Higher-High Water level (MHHW) of 0.477 meters and a Mean Lower-Low Water
level (MLLW) of -0.873 meters, the maximum mean tidal range was found to be 1.35 meters. The Mean Sea
Level (MSL) was calculated at -0.242 meters. The surge caused the water level to deviate from the tide, with
deviation peaks up to 1.0 meter (Figure 3.4).
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Figure 3.4: The tidal prediction and water level of Daytona Beach (station 8721120) from August
2018 to September 2019 in meters relative to NAVD88.

3.3. Topography and bathymetry

Prior to the nourishment activities (August 2018), the hydrographic and topographic beach were mapped by
the Seaside Engineering & Surveying. The horizontal and vertical coordinates of the topographic survey were
gathered using a Topcon GR3 Dual-Frequency GPS Receiver with Real-time Kinematic (RTK) corrections.
The hydrographic survey was exe-

cuted using both a single beam echo %108
sounder (ODOMECHOTRAC CV100) )
and a multi-beam echo sounder (POS 5.66
MV). The spatial resolution of the |
obtained survey data was approxi-

mately 5 meters in cross-shore direc- 565
tion and 300 meters in alongshore di-
rection. The survey data was used
to reconstruct the beach zone ele-
vation, by interpolating on a rect-
angular 10 by 10 meter grid. Ad-
ditionally, The bed level elevations
were translated to meters relative to
NAVD88. The total elevation map
spans 5 kilometers in alongshore di-
rection and 1 kilometer in cross-shore 5.61
direction. The bathymetry displays

parallel depth contour lines at the lo-

cation of New Smyrna Beach (Figure 5.6 B84
3.5). Near the Ponce de Leon Inlet,
the contour lines deviate, indicating a
more shallow area.
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tion of transect A — A. The locations of
two sandbars can be deducted. The Figure 3.5: The beach zone elevation levels of New Smyrna Beach

most offshore sandbar was positioned (August 2018) given in meters w.r.t. NAVD88. The coordinate
200 meters from the coastline, and system is EPSG: 2236 NAD83/Florida East [m].
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Figure 3.6: The bed elevation of cross-shore transect A-A (Figure 3.5). A two-bar system was
found with an inner bar positioned 100 meters seaward and the outer bar 200 meters seaward of
the coast.

the most shoreward sandbar approximately 100 meters. Additionally, the Mean Higher High Water level, the
Mean Sea Level, and the Mean Lower Low Water level are illustrated. Both sandbar crests were lower than the
MLLW, indicating that they were submerged at all times. Additionally, the bed elevation decreased from + 2.0
meters at the beach to —10 at the offshore edge of the image, leading to a nearshore slope of 1:75.

3.4. Nourishment information

In August 2018, Cavache Inc started the dredging of the Ponce de Leon Inlet. The obtained sediments were
transported from the Inlet to the placement area via a pipeline sleeve. Figure 3.1 illustrates the dredging
route and the planned placement template. However, due to unfavorable wave conditions and operational
difficulties, the nourishment was placed more concentrated at an approximate depth of 4.25 meters with
respect to mean sea level. Unfortunately, the exact sediment dumping spots are not known. Available data to
this project was a time-series of deposited sediments per day.

The nourishing of the nearshore zone of New Smyrna Beach started in August 2018 and stopped in de final
week of February 2019 (Figure 3.7). The daily deposited amount of sediments varied in time and had a max-
imum value of approximately 5000 m®. In total, around 350,000 m? of sediments were placed (right axis).
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Figure 3.7: The daily deposited amount of sediment (left axis) and cumulative amount of
deposited sediment (right axis) in m® in the nearshore zone of NSB between August 2018 and
March 2019.

3.5. Site imagery collection

A mini Argus-system, consisting out of 4 cameras, was installed prior to the nourishment activities at a nearby
high-rise hotel (Coronado tower, see Figure 3.1). The system monitored the New Smyrna Beach zone from
August 2018 to September 2019. Each day from 07:00 am to 07:00 pm, the mini Argus-system collected im-
agery over a 10 minutes sampling period, with individual frames compiled at 2 Hz (Bruder et al., 2019a). The
imagery products included Timex, Variance, Brightest, and Darkest imagery. This formed, together with a
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snapshot at the start of each collection moment, the output of the mini Argus-system. To facilitate quantita-
tive research, the imagery products were combined and georectified using the methodology of Holland et al.
(1997), see Bruder et al. (2019a) for a more detailed description of the process. Figure 3.8 gives an example of
the imagery before and after merging and georectifying.
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Figure 3.8: Top: oblique images obtained from the four cameras of the mini-Argus system at New
Smyrna Beach, Florida, on August 3, 2018, 12:00. Bottom: the resulting merged image after is has
been georeferenced and georectified (Bruder et al., 2019a). There is some overlap between the
images to ensure accurate merging.

Image rectification forces pixels to resize to a pre-designed grid. As a consequence, the accuracy of a merged
georectified images varies in both cross-shore and alongshore direction. The resolution of the New Smyrna
Beach data was calculated using the StationDesign Toolbox from the CIRN (Koetje and Palmsten, 2020). Re-
quired input variables were the mini Argus-system extrinsic (position in world coordinates, height, orien-
tation) and intrinsic parameters. The intrinsics were obtained before installation, and the extrinsics were
obtained doing field measurements (Bruder et al., 2019a).

The cross-shore resolution of the mini Argus-system at New Smyrna Beach (Figure 3.9, left) had a maximum
value of 0.8 meters per pixel. Lower accuracy levels were found for the alongshore direction (Figure 3.9, right),
which had a maximum resolution value of 50 meters per pixel. To ensure a certain quality level, the merged
georectified images were cut off at threshold resolution levels. In the alongshore direction, the threshold
level was set at 30 meters per pixel. Theoretically, no limit should be necessary for the cross-shore direction.
However, when the cameras see off into the horizon, the resolution becomes infinitely large. Therefore, the
maximum cross-shore resolution was also set at 30 meters per pixel.
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Figure 3.9: Cross-shore range resolution in meter/pixel of the Argus station located in NSB (left).
B: Alongshore range resolution in meter/pixel of the Argus station located in NSB (right).
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The available imagery data for describing the beach and nearshore berm nourishment include merged and
georectified Snapshots, Timex, Variance images, Brightest, and (run-) Darkest images (Figure 3.10. In the next
Chapter, the different imagery types were used to find the optimal approaches for the nearshore berm and
shoreline position extractions.
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Figure 3.10: Available imagery data consists of merged georectified Snapshots, Timex, Variance,
Brightest, and Darkest images (From top to bottom and left to right). The area covered by the
imagery data is 2500 meters alongshore by 700 meters cross-shore.



Converting images to berm and shoreline
positions

Together with the locations of sand deposition, the berm and shoreline positions can be used for describing
the influence of the nourishment on the Beach of New Smyrna. This Chapter aims to find the best way to
extract these position time-series and, therefore, answers the second sub-question, "How can the nearshore
berm and the shoreline positions be optimally extracted from the New Smyrna Beach imagery data?”. The op-
timal extraction methods for obtaining the positions of the sediment outflow, nearshore berm, and shoreline
are discussed in sequence.

4.1. Introduction

Nourishment placement locations provide essential information for interpreting nearshore berm and shore-
line migration patterns. However, the placement locations of the New Smyrna Beach nourishment had not
been stored by the contractor. The sediments were deposited in the nearshore zone via a pipeline, which was
visible in the Argus imagery data. The visibility made it possible to extract the placement locations.

After the placement, the sediments migrated freely under the influence of waves and currents. Whereas the
sediment outflow positions were visible on the Argus imagery data, this was not the case for the nearshore
berm nourishment. Because the nourishment was submerged nearly the entire time, it was challenging to
find an accurate nourishment position extraction method. However, once the ratio depth to wave height on
top of the nourishment crest became small enough, the crest positions could be followed by following the
wave breaking locations. The produced foam was visible on the Argus imagery data and appeared as areas
of high brightness intensity. In general, the locations of the nearshore berm crest, x;, corresponds well with
the location of maximum wave breaking, x; (Lippmann and Holman, 1989). The deviation between x; and
x; is in the order of 10 meters and caused by the shift in break point location relative to the bar crest. x; shifts
seaward when wave breaking becomes more intense until the wave climate is saturated and/or with altering
water levels (Guedes et al., 2011).

However, the existence of the two sandbars in the nearshore zone of New Smyrna Beach (Figure 3.6) compli-
cated this approach. In the wave braking patterns, it is difficult (if not impossible) to separate the nourish-
ment and sandbars. Therefore, it is not possible to solitary extract the positions of the nearshore berm. In the
remaining part of the thesis, the terminology "berm/bar positions” corresponds both to the sandbar and to
the nearshore berm positions.

A fraction of the sediments was expected to reach the shoreline. To find out how much the shoreline was
affected by the nourishment, shoreline position time-series were required. However, the extraction of the
shoreline positions in time is difficult due to the changing appearance and the varying geomorphic and hy-
drodynamic environment. This resulted in a wide variety of shoreline detection models, each developed and
validated on a different site (Plant et al., 2007). The four most used were tested on New Smyrna Beach to find
the model that suits the site characteristics best and, therefore, leads to the most accurate shoreline positions.

17
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4.2, Sediment outflow positions
This section aims to find the optimal approach for tracking the sediment outflow positions.

4.2.1. Applied method

The five georectified and merged Argus imagery types (Snapshot, Timex, Variance, Brightest, and Darkest)
were compared to find the data type that visualized the pipeline best. The outflow locations on imagery
types were compared qualitatively because, due to the specific image type characteristics, an image behavior
explanation was thought to be more useful than metric comparisons. Finally, the positions were stored by
manual determination of the pipeline locations on the optimal imagery type.

4.2.2. Imagery type selection

Figure 4.1 displays the outflow pipe on an aerial image, and subsequently, on the Argus imagery data. When
visually comparing the images, it becomes clear that not all output types are optimally displaying the pipe
outflow.

* Snapshot image: whereas the other imagery data types are the result of a 10-minute averaging, the
Snapshot is the only type that was obtained instantly. Potentially, this can cause inaccurate positions
if the pipeline was moved during data collection. In addition, possible noise (vessels, breaking waves,
surfers) was not averaged out.

* Timex image: due to the averaging effect, the Timex is displaying the pipeline clearly. Little to no noise
can be seen in the image.

¢ Variance image: because of the stable pipeline position within the 10-minute monitoring time frame,
the Variance image is almost entirely black.

¢ Brightest image: the most white pixels were saved in the 10-minute time frame, which can result in a
less distinct pipeline visualization. If wave breaking near the outflow position occurred, the Brightest
image highlights the wave foam over the pipeline.

» Darkest image: opposite to the Brightest image, the Darkest image illustrates the darkest pixels within
a 10-minute time frame and should highlight most of the black pipe. However, movements of the pipe
can result in an inaccurate shape and, therefore, to a distorted location.

Concluding, the optimal imagery type for manual determination of the sediment outflow locations is the
georectified and merged Timex. The averaging effect leads to a reduction of noise in the image and displays
the mean pipeline location within the 10-minute sample period.
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Figure 4.1: The sediment outflow position displayed on the Argus imagery data (Snapshot, Timex,
Variance, Brightest, and Darkest image) and an Aerial photo (Retrieved June 12, 2020, from:
https://www.surfline.com/surf-news/florida-pros-revel-man-made-sandy-slabs/47373).
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4.2.3. Constructing time-series

Applied method

The sediment outflow positions were visible in the Argus imagery data. The visibility of the pipe outflow on
georectified and merged Snapshots, Timex, Variance, Brightest, and Darkest imagery types were compared to
find the type that resulted in the most accurate outflow positioning.

Imagery type selection

The optimal imagery type for extracting the sediment outflow locations was found to be the Timex. The 10-
minute averaging effect canceled most noise and, compared to other imagery types, resulted in the cleanest
image. Additionally, the pipeline location on the Timex imagery represents the average location, which re-
moves inaccurate positions if the pipeline moved due to wave motions while sampling.

Input selection

It was assumed that throughout the day, the pipe outflow was not relocated. This led to the input data-set of
116 georectified merged Timex imagery, each taken at 01:00 p.m. starting in August 2018 en ending in March
2019. In 74 % of the time, it was possible to obtain the outflow position via manual determination.

Precision

An estimation of the precision of the manual determination approach was obtained by randomly selecting 10
images and, subsequently, determining the positions five times. The resulted outflow locations are illustrated
in Figure 4.2. The points were color to the distance from the mean location. The precision of the manual
determination approach was estimated at order 5 meters.
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Figure 4.2: The precision of the manual determination approach of the sediment outflow
positions.
Summarized

e Input: 116 georectified merged Timex imagery, each daily taken at 01:00 p.m.

¢ Extraction method: manual determination of the outflow position with an estimated precision of order
5 meters.

¢ Qutput: a time-series of 87 outflow locations in time, starting at August 2018 and ending in March 2019.

4.3. Nearshore berm/bar positions
This section aims to find the optimal approach for tracking of the nearshore berm/bar positions.

4.3.1. Applied method

The objective is to map the locations of the nearshore berm to link the migration patterns to the subsequent
response of the shoreline. Nearshore berm locations are well related to locations of persistent wave breaking
and, resultingly, to intensity peaks in the Argus imagery data (Guedes et al., 2011). The general extraction
approach of the intensity peaks locations starts with transforming the imagery to grayscale and dividing it
into cross-shore transects. At each transect, the peak locations are stored. Subsequently, the alongshore per-
sistent wave breaking pattern is constructed by connecting the peak locations of each cross-shore transect.
The Bar Line Intensity Mapper (BLIM) (Pape, 2008) is an accepted model that follows the described approach
and was used in this research.
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4.3.2. Imagery type selection

The mini Argus-system of New Smyrna Beach provided five imagery types: a Snapshot image, Timex, Vari-
ance image, Brightest image, and (run-) Darkest-image. However, literature is inconsistent about the optimal
imagery type for the extraction of nearshore berm crest positions (Guedes et al., 2011). Therefore, the in-
tensity profiles of the Timex, Variance, Brightest, and Darkest imagery types were analyzed and compared.
The Snapshot imagery type was only used to analyze the initial conditions. Contrary to the Timex, Variance,
Brightest, and Darkest imagery types, the position of maximum wave breaking on the Snapshot is instanta-
neous and does not necessarily match the location of persistent wave breaking. The aim is to find the data
type that can be used for extraction during most weather conditions and results in the most accurate predic-
tion of the position of the nearshore berm.

Two hydrodynamic conditions (Figure 4.3, 4.4) were used to test the image types:

1. Mild wave conditions: waves with a maximum height of 1.2 meters (August 6, 2018, 11:00 a.m.)
2. Energetic wave conditions: waves with a maximum height of 4.0 meters (January 28, 2019, 21:00 p.m).
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Figure 4.3: A Snapshot of NSB on August 6, 2018, 11:00 a.m. At this moment in time, the waves
reached a maximum height of 1.2 meters.
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Figure 4.4: A Snapshot of NSB on September January 28, 2019, 21:00 p.m. At this moment in time,
the waves reached a maximum height of 4.0 meters.

Mildly energetic waves (cross-shore)

The intensity profiles of the Timex, Variance, Brightest, and Darkest imagery types are first discussed using
cross-section A-A (alongshore location y = 1325, see Figure 4.3). Figure 4.5 illustrates the intensity profiles
for the imagery data types, and, subsequently, the found peak locations on to the corresponding Snapshot.
To remove peak locations corresponding to small fluctuations in the intensity profile, it was assumed that
locations of persistent wave breaking had a minimum width of 5 meters. The peak definitions and positioning
of the intensity profiles were compared to find the most accurate and consistent imagery type for mildly
energetic conditions.

e Starting at cross-shore location x = 700 and moving towards the shore, a low and stable intensity value
is found for all four intensity profiles. This was caused by the dark watercolor and the absence of wave
breaking.

* Near x = 220, the first waves started to break, which resulted in a first intensity peak for all imagery
types. The intensity profile of the Darkest imagery type has the most shoreward peak location, and
the Brightest imagery type the most seaward. The more dark color of a wavefront before breaking can
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explain the more shoreward peak location of the Darkest imagery type compared to the Timex. Fur-
thermore, the peak location of the Brightest imagery is most seaward due to the storing of white pixels
caused by the first wave breaking. The difference between the two is approximately 20 meters.

¢ At cross-shore location x = 150 meters, the remaining waves break at the shoreline. The difference in
intensity peak locations of the Timex, Variance, and Brightest is between 5 to 10 meters. The intensity
profile of the Darkest imagery type peaked approximately 30 meters more shoreward at the darker col-
ored wet sand.

¢ The remaining part of the intensity graph has more fluctuating intensity magnitudes, which is caused
by different features on the shore. Examples are the color difference between wet and dry sand, wa-
ter pools, people, cars, and parasols. The Variance filters out most of the non-changing features and,
therefore, results in the least fluctuating intensity profile.

¢ QOverall, clear peak definitions are found for the Timex, Variance, and to a lesser extent, the Brightest
imagery type. The Darkest imagery resulted in an intensity profile without any significant peaks at sea.
Within the 10-minute sampling frame, the Darkest imagery type stores the more dark pixels, corre-
sponding to non-breaking waves, over the more white pixels of breaking waves. Eventually, this led to
a profile with nearly no peaks at the seaward side of the shoreline.

Summarizing, both the Timex, Variance, and Brightest intensity profiles gave similar peak locations (order of
10 meters). On the contrary, the Darkest intensity profile had less distinct peak definitions, and the resulting
peak locations did not necessarily correspond to wave breaking locations. Therefore, during a mild wave
climate, the Darkest imagery type is not optimal for extracting wave breaking locations.
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Figure 4.5: Top: the intensity profiles and peak locations (solid circles) of the Timex, Variance,
Brightest and Darkest imagery types on August 6, 2018, 11:00 a.m. at cross-section A-A. Bottom:
the resulting peak locations of the intensity profiles illustrated at the corresponding Snapshot.
The maximum significant wave height was 1.2 meters.

Mildly energetic waves (alongshore)

The spatial consistency of the output locations for the Timex, Variance, and Brightest imagery were checked
by focusing on the total monitored area (Figures 4.6a, 4.6b, and 4.6c). The Darkest imagery type was not
considered because the results on Cross-Section A-A were not satisfying. The Timex, Brightest, and Variance
resulted in three alongshore bands of peak locations. Most likely, there were caused by wave breaking on the
inner sandbar, coastline, and scatter at the beach. It stands out that, compared to the Timex and Brightest,
the Variance imagery resulted in fewer peak locations at the beach.

To compare the alongshore consistency, all peak locations were plotted on to the corresponding Snapshot
(Figure 4.6d). It can be concluded that the resulting peak locations at sea are approximately similar for the
Timex, Variance, and Brightest imagery during mild wave conditions, and match the wave breaking locations
in the Snapshot.
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(a) The Timex imagery of NSB during mild conditions (August 6, 2018, 11:00 a.m., Hs = 1.2m) and the corresponding
intensity peak locations. The intensity profile of cross-section A-A is displayed on the right.
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(b) The Variance imagery of NSB during mild conditions (August 6, 2018, 11:00 a.m., Hg = 1.2m) and the
corresponding intensity peak locations. The intensity profile of cross-section A-A is displayed on the right.
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(c) The Brightest imagery of NSB during mild conditions (August 6, 2018, 11:00 a.m., Hg = 1.2m) and the
corresponding intensity peak locations. The intensity profile of cross-section A-A is displayed on the right.
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(d) The Snapshot imagery of NSB during mild conditions (August 6, 2018, 11:00 a.m., Hs = 1.2m) and the intensity
peak locations found for the Timex, Variance, and Brightest imagery types.

Figure 4.6: A comparison of the intensity peak locations found using the Timex, Variance, and
Brightest Imagery during mildly energetic conditions. First, the output is displayed on the
corresponding imagery types to validate the obtained peak locations visually. Afterward, all
output is illustrated together on the Snapshot to compare the positioning of the peak locations
and the wave breaking locations.
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Energetic wave conditions (cross-shore)

The intensity profiles of the Timex, Variance, Brightest, and Darkest imagery types are discussed using cross-
section A-A (alongshore location y = 1325, see Figure 4.7). The peak locations found using the four imagery
types are displayed in Figure 4.7. The peak locations were found using a minimum peak width of 5.0 meters
to focus on locations of persistent wave breaking instead of occasional wave breaking.

* At cross-shore location x = 700, the obtained intensity values are already higher than the values ob-
tained during mildly energetic conditions. This is caused by wave breaking throughout the whole
nearshore zone.

¢ For the Brightest imagery, the first intensity peak occurred at x = 550. From this point onward, the
Brightest intensity profile has a value of approximately 1.0, which can be explained by the intense wave
breaking. For the Variance, the first peak location is near x = 460. Twenty meters more shoreward, the
first peak of the Timex is found. The Darkest imagery results in a peak at x = 390. The significant differ-
ence between the Timex, Variance, and Darkest peak locations is caused by the fact that wave breaking
near x = 450 was, apparently, not continuous. The Darkest imagery type stored the more dark pixels of
the non-breaking waves over the more pixels white of the wave breaking induced foam. Eventually, this
led to an intensity profile without a significant peak near x = 450 for the Darkest imagery type.

* Between the start of wave breaking and the shoreline at x = 100, multiple intensity peaks are visible.
The Timex intensity profile has two distinct peaks; the first occurred at x = 320 and the second at 250.
The peaks of the Darkest intensity profile are located approximately at the same location, indicating the
occurrence of continuous wave breaking. The Variance intensity profile behaves opposite to the Timex
and Darkest profiles and peaked at x = 270, 220, and 200.

¢ From x = 50 to x = 0, all intensity profiles fluctuate significantly due to the change in color of the sedi-
ment, dunes, bushes, and other features.

¢ QOverall, the intensity profiles of both the Timex and the Variance have clear peak definitions. The Dark-
est intensity profile displays significant local fluctuations, and the Brightest intensity profile has no
peaks at most of the cross-shore transect.
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Figure 4.7: Top: the intensity profiles and peak locations (solid circles) of the Timex, Variance,
Brightest and Darkest imagery type on January 28, 2019, 21:00 p.m at cross-section A-A. Bottom:
the resulting peak locations of the intensity profiles illustrated at the corresponding Snapshot.
The maximum significant wave height was 4.0 meters.

Summarizing, it was found that the intensity profiles of the Timex, Variance, Brightest, and Darkest did not
lead to similar results. The Brightest intensity profile had a value of 1.0 for most of the cross-section, which
cancels the possibility of identifying local maxima. Additionally, the Timex and the Darkest imagery types
had similar peak locations near x = 250 and 320. Focussing on the peak definitions, it can be concluded that
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the Timex and Variance intensity profiles were well defined. On the contrary, the Darkest intensity profile
had significant local fluctuations. Although the peak locations of the Timex and Variance intensity profiles
did not correspond, they did meet the peak definition demands. Therefore, the alongshore consistency was
tested for both the Timex and the Variance imagery type.

Energetic wave conditions (alongshore)

The spatial consistency of the output locations for the Timex and Variance imagery were checked by con-
sidering the total monitored area (Figure 4.8a and 4.8b). The Brightest and Darkest imagery types were not
considered because the results found at cross-section A-A did not meet the set peak definition demands.

Both the Timex and the Variance imagery resulted in 3 alongshore bands of peak locations and some scat-
ter near the beach. The alongshore bands of both the Timex and Variance imagery display discontinuities
between alongshore location y = 1300 and 1700, which is the approximate location of the nourishment. The
altering bathymetry leads to deviations from the alongshore wave breaking bands. Furthermore, the peak
locations of both intensity profiles visually correspond with their imagery types.

The peak locations of the Timex and Variance imagery are both illustrated with the corresponding Snapshot
to analyze if the locations of persistent wave breaking match the initial conditions (Figure 4.8c). It becomes
clear that the Timex peak locations correspond better to the wave breaking locations than the Variance peak
locations. Although both followed a similar pattern, the intensity peak locations of the Variance image are
located more offshore.

The locations of persistent wave breaking and underlying (sandbar) bathymetry differ with alternating wave
conditions (van Enckevort and Ruessink, 2001). Although the results of the Timex imagery corresponds better
to the locations of wave breaking, it does not necessarily mean that it better matches to the berm/bar crest
locations. Guedes et al. (2011) analyzed the deviations between the locations of intensity peaks of the Timex
(0x;7) and Variance imagery (6 x,4;) in relation to and the bar crest locations. For wave heights between 0 —
3 meters, d x;;; deviates between 10 meters seaward and shoreward of the crest locations. Additionally, 6 x, 4;
is approximated in the range of 0 and — 20 meters. Therefore, especially for more energetic wave conditions,
the Timex imagery is more suitable for extracting the locations of the berm/bar crest.
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(a) The Timex imagery of NSB during energetic conditions (January 28, 2019, 21:00 p.m., H; = 4.0 m) and the
corresponding intensity peak locations. The intensity profile of cross-section A-A is displayed on the right.
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(b) The Variance imagery of NSB during energetic conditions (January 28, 2019, 21:00 p.m., Hs = 4.0 m) and the
corresponding intensity peak locations. The intensity profile of cross-section A-A is displayed on the right.
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(c) The Snapshot imagery of NSB during energetic conditions (January 28, 2019, 21:00 p.m., Hg = 4.0m) and the
intensity peak locations found for the Timex and Variance imagery types.

Figure 4.8: A comparison of the intensity peak locations found using the Timex and Variance
Imagery during energetic conditions. First, the output is displayed on the corresponding imagery
types to validate the obtained peak locations visually. Afterward, all output is illustrated together

on the Snapshot to compare the positioning of the peak locations and the wave breaking
locations.

4.3.3. Constructing time-series
The objective is to find the optimal approach for converting imagery data to nearshore berm/bar position
time-series.

Applied method

The BLIM model was found to be an accurate model to extract the nearshore berm/bar positions from the
Argus imagery data. The model assumes that the locations of wave breaking correspond with the locations of
the nearshore berm/bar crest.

Imagery type selection

The Timex, Variance, Brightest, and Darkest imagery types were tested to find the type that resulted in the
most consistent nearshore berm positions during alternating wave conditions. The Timex imagery was found
to be the only imagery type delivered accurate berm/bar positions during mildly energetic and energetic wave
conditions.

Input selection

Locations of persistent wave breaking correspond to nearshore berm/bar crest positions. However, with al-
ternating wave heights and water levels, the locations of wave breaking shift relative to the berm/bar crest.
Therefore, the Timex imagery data-set had to be filtered to obtain positions with the same correspondence
to the bathymetry. Only imagery corresponding to a wave height of 0.5 < H < 2.5, and a water level between
-0.50 = MIW < +0.50 was used. Ideally, the filter restrictions would have been more limited, but this would
influence the temporal density of the time-series. Additionally, some Timex imagery was manually rejected
due to insufficient image quality. This, for example, happened during fog or sun-glare on the water surface.
Eventually, this led to a time-series of 359 berm/bar positions in the alongshore, which is, on average, once a
day.

Summarized
e Input: georectified merged Timex intensity imagery.
¢ Extraction method: extraction of berm/bar crest positions via the BLIM model.
¢ Output: a time-series of 359 sandbar crest locations in the period August 2019 to September 2019.

4.4. Shoreline positions

This section aims to find the optimal approach for tracking the shoreline positions. First, an overview is
given of the used methods in the literature. Second, these methods and a visual determination approach are
tested on the New Smyrna Beach site locations. Finally, the best method is selected and used for shoreline
extraction.
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4.4.1. Descriptions methods used in literature

An accurate procedure to extract shorelines from the imagery data was key to this research. Contrary to
the extraction of berm/bar positions, multiple models could be applied. The visual shoreline appearance
changes with alternating geomorphics, hydrodynamics, and weather conditions. This led to the development
of multiple shoreline identification models, each developed and validated for different site locations. The four
most used are the Shore Line Intensity Maximum (SLIM) model, the Pixel Intensity Clustering (PIC) model,
the Color Channel Divergence (CCD) model, and the Artificial Neural Network (ANN) model (Plant et al.,
2007).

¢ The SLIM model follows the same approach as the BLIM model. Both models aim to find alongshore
intensity patterns in grayscaled pixels. In contrast to BLIM, the SLIM model focuses on the swash zone.
High-intensity alongshore bands are produced by wave breaking and swash motions. The SLIM model
assumes that the location of maximum intensity corresponds with the shoreline. According to Plant
and Holman (1997), SLIM delivers accurate results in the order of 1-meter for reflective beaches with
well-defined swash zones. However, the applicability of SLIM on more dissipative coastlines was ques-
tioned (Aarninkhof (2003), Plant et al. (2007), Turner et al. (2000)).

* The Pixel Intensity Clustering model was developed to overcome the failing SLIM model on more dissi-
pative beaches. It defines the shoreline using the color difference between dry and wet sand. Addition-
ally, to make the model also suitable for reflective beaches, a second discrimination function, similar
to the SLIM model, was added. If the model fails to detect a shoreline based on the color difference,
it generates the shoreline based on grayscale intensities. Therefore, the model should deliver accurate
positioning on both reflective and dissipative beaches (1 - 6 meters, (Aarninkhof, 2003)).

¢ In line with the PIC model, the Color Channel Divergence model uses color difference to determine
the shoreline positions (Turner et al., 2000). In contrast to the PIC model, the CCD model relies upon
the expectation that more blue tones are found in water-pixels, and more red tones are found in beach
pixels. A shoreline point is defined if the intensity profile, found by extracting the red channel from the
blue channel, crosses a certain threshold level. The model was developed and validated on a dissipative
coastline. The accuracy should be in the order of 10 meters (Turner and Adamantidis, 2001).

¢ The Artificial Neural Network identifies the shoreline via pixel characteristics and can be used on re-
flective and dissipative shorelines. Beforehand, the network must be tuned by manually determining
shoreline positions on an image training set(Smit et al., 2007). The model saves the characteristics of
dry and wet pixels and, subsequently, applies it to identify shorelines on new images. The accuracy of
the model depends on the diversity of the training set and the manual tuning quality.

Table 4.1: Data return percentages of the SLIM, ANN, PIC, and CCD models tested on four
different sites. Adapted from: Plant et al. (2007).

Detection Model
Site Images SLIM% ANN% PIC% CCD %
Duck 43 50 92 78 76
Teignmouth 42 24 57 61 0
Egmond 44 15 32 24 17
Gold Coast 28 37 76 73 91

Plant et al. (2007) analyzed the four extraction algorithms using Timex imagery as input. The performance
was tested at four different sites, exhibiting a range of morphological and hydrodynamic conditions. Al-
though the output was well correlated, the cross-shore positions of the shoreline varied between the different
approaches. Depending on the site and detection models, the difference was between 0 and 23 meters.

Additionally, it was found that all extraction algorithms were sensitive to change of the incident hydrody-
namic conditions. The SLIM model was found to be the most unstable, while the ANN and the PIC model
were most reliable (Table 4.1). At the time of writing, the ANN model was not available for this study.

4.4.2. Method selection
The SLIM model, CCD model, PIC model, and a manual extraction approach were tested to find the optimal
extraction method for the New Smyrna Beach site.
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SLIM model

The SLIM model was developed and validated the shoreline of Duck, North Carolina, which has a relatively
steep beach slope and narrow, well-defined swash zone. Typically, the SLIM model was found to provide
accurate shorelines if the coast is classified as reflective (Plant et al., 2007). In general, a reflective shoreline is
characterized by a narrow surfzone without bars and a nearshore slope around 0.15.

From August 2018 to September 2019, New Smyrna Beach had two distinctive wave height seasons. In the
summer months (June till August), the wave height was between 0.5 and 1.0 meters. During the remaining
months (September till May), more energetic conditions resulted in wave heights up to 8.0 meters and a sur-
fzone of a couple of hundred meters. The different surfzone widths are illustrated in Figure 4.9. In addition,
the nearshore slope in August 2018 was calculated at = 0.01, which is relatively flat.

Based on previous findings (Aarninkhof (2003), Plant et al. (2007)), it was concluded that the SLIM model
only performs well on reflective beaches with well defines swash zones. During most of the year, New Smyrna
Beach has an energetic wave climate. In combination with the relative flat nearshore slope, the shoreline has
more a dissipative than reflective character. Resultingly, the location of wave breaking cannot be used as an
accurate proxy for the shoreline, which is the primary assumption of the SLIM model. Therefore, the SLIM
model was not taken into consideration as a shoreline extraction tool for New Smyrna Beach.
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Figure 4.9: Left: the New Smyrna Beach during mild wave conditions (H; = 0.5 meters). Right: the
New Smyrna Beach during energetic wave conditions (H; = 4.0 meters).

CCD model

The CCD model was developed to overcome the failing SLIM model on more dissipative coastlines (Plant
etal., 2007). The model uses the intensity profiles of the blue-red color channels to extract possible shoreline
locations. Focusing on a certain cross-shore transect and starting at the beach moving offshore, the RGB val-
ues are approximately equal at the white sandy beach. While crossing the wet sediments near the shoreline,
the RGB values drop due to the more dark color of the sand. Moving further in the offshore direction, water
pixels are causing the RGB channels to deviate from each other. A shoreline point is defined if the intensity
of the blue minus red profile crosses a certain threshold level. After finding all possible shoreline points at
each cross-section of the image, the final output consists of the longest continuous line of shoreline points.
The threshold divergence value of 20 used in this study is similar to the value incorporated in the Coastsnap
algorithm and was validated on the beaches of Southeast Australia (Harley et al., 2019).
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Figure 4.10: A Timex of New Smyrna Beach on January 28, 2019 during energetic wave conditions
(Hs = 4.0 meters). The purple line illustrates the generated shoreline of the CCD model.
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The Timex of January 28, 2018, was used to test the model capabilities. The corresponding significant wave
height was 4.0 meters, and the coast could be classified as dissipative. The shoreline obtained using the
CCD model was found to be inconsistent (purple line, Figure 4.10). In some parts, the model resulted in
accurate shoreline positions, but in others, a clear difference between the visually estimated shoreline and
the calculated shoreline could be seen. The results at three transects were described and compared to a
visually picked shoreline. Besides, the CCD threshold level used to obtain the generated shoreline position is
compared to the threshold level required to find the visually picked shoreline.
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Figure 4.11: Left: the CCD generated shoreline (purple) and output at transect 1 (blue). A visual
shoreline marker (orange) is displayed for comparison. Middle: the RGB color values at transect
1. Right: the intensity profile of the blue-red channels at transect 1.

At the first transect (y = 1000), the obtained shoreline seems to align with the original shoreline. The
CCD model generated one possible shoreline location (Figure 4.11, left), which matches the visually
picked shoreline point. The RGB intensity profiles have approximately equal values at the beach and
deviate when crossing the shoreline (Figure 4.11, middle). Because the CCD generated shoreline point
equals the visually picked shoreline point, the optimal threshold level for this transect is similar to the
used threshold level of 20 (Figure 4.11, right).

The obtained shoreline point of the CCD model at the second transect (y = 1200) mismatches the vi-
sually picked shoreline. In line with the first transect, only one possible shoreline point was generated
(Figure 4.12. left). The RGB intensity profiles have similar values at the shore and deviate when crossing
water pixels (Figure 4.12, middle). However, the used threshold levels caused an inaccurate position of
the shoreline point (Figure 4.12, right). To generate accurate output, the threshold level for this transect
should be near 5.

The shoreline at the third transect (y = 1650) mismatches the visually picked shoreline point. Contrary
to the first two transects, multiple possible shoreline points were calculated by the CCD model (Figure
4.13, left). This can be explained by the lack of divergence of the RGB intensity profiles at the shore
(Figure 4.13, middle). The used threshold level crosses the resulting blue-red intensity profile multiple
times (Figure 4.13, right). Visually, the optimal threshold level for this transect would be near 50.

Summarizing, the CCD model is not capable of providing robust and accurate shoreline estimates.The model
output was inconsistent and did not represent the visually marked shoreline accurately. Because of the
changing image characteristics, an adaptation of the fixed threshold level will not necessarily lead to im-
proved results. The merging process resulted in different brightnesses within the image. Additionally, in
time, the image characteristics changed due to the weather conditions. In conclusion, the CCD model was
not used further in this research.
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Figure 4.12: Left: the CCD generated shoreline (purple) and output at transect 2 (blue). A visual

shoreline marker (orange) is displayed for comparison. Middle: the RGB color values at transect
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PIC model

In line with the CCD model, the PIC model was developed to overcome the failing SLIM model on more dis-
sipative coastlines (Plant et al., 2007). The shoreline is identified by the color difference between wet and
dry sediments. Two discrimination functions are implemented to increase redundancy. The first differen-
tiates dry and wet sediment pixels using the Hue and Saturation channels of the image, the second using
the grayscale intensity profiles. Depending on the weather conditions, the shoreline may be identified better
using the grayscale information instead of the Hue and Saturation. Contrary to the SLIM and CCD models,
oblique Timex imagery is used as input.

In general, the PIC model converts the input im-
age to Hue, Saturation, and intensity values and
grayscale intensity values. Subsequently, two his-
tograms are constructed. The first is based on the
Hue and Saturation intensities, the second on the
grayscale intensities. Because each image consists
out of two main components (water and sand), two
distinct clusters arise in the histograms. Finally,
a discriminator function assigns negative values to
wet pixels and positive to sand pixels. The shoreline
is the line dividing the two components.

Oblique Timex January 28, 2019

To test the PIC model, an oblique Timex of January
28, 2019, was chosen. The image was taken by the
second camera (Figure 3.8, red). The wave height
reached up to 4.0 meters, and the shoreline could be
classified as dissipative. The focus on the area near
the shoreline, a Region of Interest (ROI) was defined
(Figure 4.14). The two generated histograms, the  Figure 4.14: The oblique Timex of January 28, 2019,
first based on the grayscale intensities, the second used a input for the PIC model and the defined region
on the Timex on the Hue and Saturation of the im- of interest.

age, display altering results (Figure 4.15). Two dis-

tinct clusters were found in the Grayscale discrimi-

nation histogram and only one in the Hue and Saturation. The discriminator function is displayed in blue.
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Figure 4.15: Left: histogram and discriminator function based on the grayscale intensities. Right:
histogram and discriminator function based on Hue and Saturation.

Two shorelines were generated by the PIC model (Figure 4.16). The shoreline corresponding to the discrimi-
nation based on grayscale intensities is displayed left, the shoreline based on Hue and Saturation differences
at the right. Although both partly follow the visual shoreline, distinct deviations can be seen. The grayscale
based shoreline tends to be positioned more seaward and the Hue and Saturation based more landwards.
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Summarizing, the PIC model was not capable of providing robust and accurate shoreline estimates. Although
the model has two discrimination functions to increase accuracy during altering weather conditions, the re-
sults were not satisfying. Therefore, the PIC model was not used further in this research. It must be men-
tioned that the available PIC model for this research was not optimized for the New Smyrna Beach shoreline.
Optimizing would potentially lead to more accurate results, but was not in the scope of the thesis.

Oblique Timex January 28, 2019 Oblique Timex January 28, 2019

Figure 4.16: Left: generated shoreline using the discriminator function based on grayscale
intensities. Right: generated shoreline using the discriminator function based on Hue and
Saturation values.

Manual extraction

The final approach for the extraction of shoreline positions was manual extraction. In this case, the shoreline
was defined as the visual separation line between water and sand. The shoreline positions were located and
stored using a Matlab-script, which used georectified merged Timex imagery as input. In order to increase
shoreline visibility, first, the blue tones and image contrast were increased (Figure 4.17). For each input Timex,
approximately 50 shoreline points were stored in the alongshore direction, resulting in a spatial density of 1
in 50 meters.

Timex January 28, 2019

A
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Figure 4.17: Top: the Timex of January 28, 2019. Bottom, from left to right: the standard Timex,
the Timex with increased contrast, and the Timex with increased contrast and blue tones.
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The shorelines of August 12, 2018 (reflective conditions), and January 28, 2019 (dissipative conditions) are
displayed as an example (Figure 4.18). Visually, it seems that both lines follow the shorelines correctly.

Timex August 12, 2018 Timex January 28, 2019
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Figure 4.18: Left: the Timex and resulting shoreline of August 12, 2018 (reflective conditions).
Right: the Timex and resulting shoreline of January 28, 2019 (dissipative conditions).

To determine the precision of the manual determination approach, 10 randomly selected Timex images were
processed five times. Subsequently, the mean shoreline for each image was found. An estimation for the
precision was obtained by analyzing the minimum and maximum distance from the mean shoreline (Figure
4.19). In the alongshore, the deviation between the minimum, mean, and maximum varies between 0 to 8
meters. Therefore, the precision of the manual shoreline determination approach is estimated at the order of
10 meters.
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Figure 4.19: An estimation for the precision of the manual determination approach was found by
five times processing ten randomly selected Timex imagery. The lines illustrate the deviation
from the mean shoreline, which is in the order of 5 - 10 meters.

4.4.3. Constructing time-series
The objective is to find the optimal method for converting imagery data to shoreline position time-series

Method selection

Four extraction approaches were tested and described. The models used in literature were not suitable for
New Smyrna Beach (SLIM), or did not provide accurate and robust shoreline positions (CCD and PIC). On the
other hand, the manual extraction approach showed promising results. The found shoreline position have an
estimated accuracy of the order of 10 meters. Because the errors of the other models were estimated larger,
the visual determination approach was used to extract shoreline positions.

Imagery type selection
The shoreline is best visible on the georectified and merged Timex Imagery. The image contrast and blue
tones were increased to improve the visibility of the separation line between sand and water.

Input selection

Because shoreline shifts due to the water level change were unwanted in this research, the imagery data set
was filtered on an approximately constant water level. Besides, extreme storms were filtered out to limit the
wave-run up. This resulted in the following filter demands: -0.1 < MHWL < +0.1 and 0.5 < H; < 3.0. Compared
to the automated extraction models, the visual determination approach is more labor intensive. Therefore,
the shoreline positions were extracted once every 3 three days. A stable shoreline position in between the
time steps was assumed. Eventually, this led to 165 shoreline positions during the monitoring period.
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Summarized

1. Input: georectified and merged Timex Imagery data with increased contrast and blue tones.
2. Extraction method: visual determination of the shoreline with estimated precision of order 10 meters.
3. Output: a time-series of 165 shoreline locations in the period August 2018 to September 2019.

4.5. Concluding remarks

This section concludes Chapter 4 and answers the sub-question: "How can the nearshore berm and the shore-
line positions be optimally extracted from the New Smyrna Beach imagery data?’. Multiple extraction models
were discussed to obtain nourishment and shoreline locations. The following methodologies were found to
be optimal for the New Smyrna Beach data set:

Sediment outflow position extraction:

Manual determination of the pipe outflow using georectified and merged Timex imagery gave the most accu-
rate position results. The method assumed stable pipe positioning within the tracked day. This resulted in 87
of the in 116 possible positions extractions, which corresponds to a tracking percentage of 75 %.The precision
of the manual extraction method is in the order of 5 meters.

Nearshore berm position extraction:

The BLIM model, in combination with georectified merged Timex, resulted in the most (visually) accurate
and consistent nearshore berm/bar position time-series. The imagery data-set was filtered to wave height
and water level to prevent a varying relation between the patterns of persistent wave breaking and the un-
derlying bathymetry. The wave height was limited to 0.5 < H; < 2.5, and a water level to -0.50 = MIW <
+0.50. Eventually, the BLIM model tracked 359 nearshore berm/bar positions, resulting in a temporal density
of roughly one a day.

e e . —_— ‘ ‘
[ WaterLevel - Sedimentoutflow « ‘Berm/Bar o Shorelme\

1- 3
L o ]
el feicred Wi %b ((/OOD ol fien oot il b i Jree! Ylise, s e AT

0 Rk 6?@ e i resSf| LN ewfcs et ieafiney i olfifies el et Sl st

eles

Elevation [meters]

‘\\\\‘\\\\‘ ol vl by vy T < T T B = R I R R A

Aug 18 Sep- 18 Oct 18 Nov-18 Dec-18 Jan-19 Feb-19Mar-19 Apr-19 May-19 Jun-19 Jul-19 Aug-19 Sep-19
Time [months]

g r Wa\‘/e Height‘ Sediﬁlent out‘ﬂow o Berm/Baf o Shofehne ]
]
Ol ]
E° :
= [
w4
O) Q
T 2 o god ke o 9659 |
L~ e b o <@, P ol ot Nl | Ol
§ e 5.cofki W ?@8%}%&@@%@%@ ook oo SO

0 Q.
Aug-18 Sep-18 Oct-18 Nov-18 Dec-18 Jan-19 Feb-19 Mar-19 Apr-19 May-19 Jun-19 Jul-19 Aug-19 Sep-19

Time [months]

Figure 4.20: The extraction moments of the sediment outflow, berm/bar, and shoreline illustrated
together with the corresponding water level (top) and wave height (bottom).

Shoreline position extraction:

Multiple shoreline detection models were tested. In combination with georectified and merged Timex im-
agery, the manual extraction approach was concluded to deliver the most accurate and consistent results.
The shoreline was defined as the visible separation line between water and sand. To increase the visibility of
the separation line, the Timex imagery were adjusted with higher contrast and blue tone values. The Timex
imagery data-set was filtered to wave height and water level to provide accurate proxies of the shoreline. A
constant water level and limited wave run-up are required to limit local fluctuations in the shoreline migra-
tion time-series. This resulted in the following filtering demands: -0.1 < MHWL < +0.1 and 0.5 < H; < 3.0.
Eventually, the method tracked 165 shoreline positions, which is, on average, once every three days. The
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precision of the manual extraction method is in the order of 10 meters.

The extraction moments of the sediment outflow, nearshore berm/bar, and shoreline are illustrated with the
corresponding wave height and water level in Figure 4.20. Extraction moments that correspond to water level
or wave height outliers were not considered in the proceeding of this study. The outliers were defined if the
water level or wave height were smaller/larger than two standard deviations of the aimed filter demand.



Description of nearshore berm and
shoreline migration

This chapter answers the sub-question: "How did the nearshore berm and shoreline migrate during and after
the nourishment activities?”. First, the nearshore berm/bar and shoreline migrations are described based on
theory. Secondly, the migration patterns are discussed via the time-series obtained in Chapter 4. Finally, the
migration predictions and migration time-series are compared in the concluding remarks.

5.1. Introduction
Two method were applied to describe the nearshore berm and New Smyrna Beach shoreline migration:
1. Theoretical predictions based on the findings of Hallermeier (1981), Hands and Allison (1991), and van
Rijn and Walstra (2004).

2. Time-series analysis of the extracted imagery data.

5.2. Theoretical migration
The migration patterns of the nearshore berm and shoreline were predicted using theory stated in Chapter 2.

5.2.1. Nearshore berm
Depending on the placement location, a nearshore berm nourishment can be classified as Stable or Active.
The classification is based on the nourishment depth, the inner depth of closure (DOC), and outer depth of
closure. The outer depth of closure is defined by the significant wave height H; and the associated standard
deviation o g, (Hallermeier, 1981):

DOCoyter =2H;+ 110 g, (5.1)

Besides the effective wave height, the inner depth of closure formula includes the significant wave period T

associated with Hj, the gravitational acceleration g, and a grain size term D (Hallermeier, 1981):
8

5000D

Theoretically, a berm can be called active if the local placement depth is shallower than the outer and inner
depth of closure (Figure 5.1).

DOC;pper = (Hs=0.30 1) T

(5.2)

The United States Army Corps of Engineers provided the depth of closures boundaries at the Ponce de Leon
Inlet for the years 1980 to 2012. The conditions of 2012 were assumed to be similar to the conditions of 2018
and were used for estimating the berm movement. Assuming a D of 0.3 mm and using the wave climate
found in Section 3.2, the inner depth of closure was calculated at a value of 9.90 meters and the outer depth
of closure of 27.67 meters. With an approximated placement depth of 4.25 meters, the NSB nourishment
was be added to the stability graph (Figure 5.1). Based on this classification it is most likely that the NSB
nourishment will behave like an active berm with shoreward migration.

35
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Figure 5.1: Nearshore berm stability graph indicating the berm classifications. (Adapted from
Hallermeier (1981).
5.2.2. Shoreline

The theoretical shoreline response to a nearshore berm nourishment can be divided into two effects: the
Feeder and Leeside-effect (see also Section 2.3). Depending on the berm classification, the one effect can be
more dominant than the other.

¢ In the case of Stable berms, the Leeside effect results in shoreline advance in the sheltered zone behind
the nourishment. Additionally, downdrift of this area, local erosion is expected (Figure 5.2, left).

¢ In the case of Active berms, both the Leeside and the Feeder effect influence the shoreline. Shoreline
advance near the nourishment is expected, because both the Leeside and Feeder effects result in ac-
cretion in the sheltered area. Additionally, shoreline erosion is expected downdrift as a consequence of
the Leeside effect (Figure 5.2, left, right).

Because the nearshore berm at New Smyrna Beach was classified as Active, both the Feeder and Leeside effect
are predicted to play a role. The expected shoreline would, therefore, accrete near the alongshore center of
gravity of the nourishment, and erode downdrift.
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Figure 5.2: Expected shoreline change due to the Leeside-effect (left) and Feeder-effect (right).
Adapted from: van Rijn and Walstra (2004).



5.3. Imagery time-series analysis 37

5.3. Imagery time-series analysis

The description of the imagery time-series starts with specifying the sediment outflow positions. Afterwards,
the nearshore berm migration is illustrated by utilizing the sandbar behavior, and, lastly, the shoreline migra-
tion is discussed.

5.3.1. Sediment outflow

The optimal method for sediment outflow position extraction led to a time-series of outflow positions in the
period from August 2018 to March 2019 (Section 4.2). This time-series was linked to the nourishing time-
series (Section 3.4. In total, 87 of the 116 days of the nourishing activities were tracked, which equals 270,000
of the in total 350,000 m® of sediments (Figure 5.3). A placement graph was made (Figure 5.4) using the
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Figure 5.3: The daily (blue) and cumulative (red) sediment deposition time-series and the tracked
outflow locations (white dots).

sediment outflow locations and the nourishment time-series. The daily deposited sediment volumes were
integrated on a 25 by 25 meters grid. Most sediments were placed between y = 1350 and 1800 meters; the
center of gravity of the nourishment was approximately 1500 meters in alongshore direction.
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Figure 5.4: The nearshore nourishment dump locations are spatially visualized on a 25 by 25
meters grid. The colors represent the cumulative amount of deposited sediments within a grid
cell.

5.3.2. Nearshore berm/bar migration

The optimal position extraction methodology led to a time-series of 359 nearshore berm/bar crest locations
in the period August 2018 to September 2019. The nearshore berm/bar migration is discussed in cross-shore
and alongshore direction.

Cross-shore migration

The time-series were analyzed through five transects, located at alongshore position y = 600, 1200, 1500, 1800,
and 2400 (Figure 5.5). At each time step, the berm/bar crest locations at the five transects were stored. The
transects at alongshore position y = 600 (red) and 2400 (purple) were assumed to represent the autonomous
berm/bar migration signal, uninfluenced by the nearshore nourishment. The transect at alongshore posi-
tion y = 1500 (blue) is located near the nourishment center of gravity. The yellow and green transects are
positioned near the edges of the nourishment placement.
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Figure 5.5: The five transects used for describing the cross-shore migration of the nearshore berm
nourishment. The displayed bar line (white) was obtained with the BLIM-model.

The autonomous migration signal, which is the average of the berm/bar position at y = 600 and 2400, was
subtracted from the time-series at the remaining three transects (green, blue, yellow) to remove remaining
noise due to varying water levels and altering wave heights. Subsequently, to make the time-series relative to
August 2018, the berm/bar positions at ty were also subtracted. Because the resulting signal is relative to the
autonomous sandbar trend and the start of monitoring, the influence of the nourishment is visible.

The relative signals of the transects at alongshore position y = 1200 (green), 1500 (blue), and 1800 (yellow)
are displayed in Figure 5.6. Positive values indicate an offshore sandbar movement and negative values an
onshore movement. The following statements, all relative to ty and the autonomous berm/bar trend, can be
made:

¢ From August till September, the berm/bar position at y = 1200, 1500, and 1800 was fairly stable.

¢ In September, the berm/bar at y = 1500 started to migrate in the offshore direction.

¢ In October, the berm/bar at y = 1200 and 1800 followed the development and started to migrate off-
shore.

» At alongshore position y = 1200, a significant offshore movement was followed by a shoreward move-
ment in January.

¢ In February, the most offshore position berm/bar of 150 meters relative to the autonomous trend was
reached. This was at alongshore position y = 1500.

¢ From February till September, the berm/bar at y = 1200 and y = 1800 slowly moved back from approxi-
mately 70 to 30 meters seaward.

» After a substantial shoreward and seaward movement between February and May, the sandbar aty =
1500 converged in the following months with the bar at positions y = 1200 and 1800.
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Figure 5.6: The berm/bar positions at alongshore locations y = 1200, 1500, and 1800 meters,
relative to tothe autonomous sandbar trend, obtained at locations y = 600 and 2400 meters. On
the Y-axis, the positive values indicate a relative offshore position, while negative values indicate
arelative shoreward position.
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Alongshore migration

The alongshore berm/bar evolution was analyzed by comparing positions at the start of each month (Figure
5.7). In line with the cross-shore migration analyses, the berm/bar time-series are relative to ty and the au-
tonomous trend. The following statements can be made:

* No significant growth could be seen in September and October.

¢ The first alteration in berm/bar shape occurred in November; the maximum offshore position was 40
meters relative to the August and the migration trend.

¢ From November to February, the berm/bar developed a bulge-like shape, that increased in width and
height. The position of the most offshore extent varied between 1400 and 1600 meters alongshore. Ad-
ditionally, the most offshore extend was found in February and was 120 offshore of t) and the migration
trend.

¢ From February to March, no significant changes in shape were found.

¢ From March to May, the profile spread out in the alongshore direction, resulting in an increased bulge
width and a reduction in shoreward extent.

¢ InJune and July, the berm/bar shape developed further, leading to two bumps at y = 1300 and y = 1550.
Additionally, the alongshore profile continued to migrate shoreward.

* In September, the maximum difference between the autonomous trend and the berm/bar was 40 me-
ters, indicating that the berm/bar had almost returned to equilibrium.
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Figure 5.7: The nearshore berm/bar positions at the start of each month, relative to ty and the
autonomous sandbar trend, obtained at locations y = 600 and y = 2400 meters. On the Y-axis, the
positive values indicate a relative offshore position, while negative values indicate a relative
shoreward position.

5.3.3. Shoreline migration
The optimal extraction methodology led to a time-series of 165 shoreline locations in the period August 2019
to September 2019. The shoreline migration is discussed in cross-shore and alongshore direction.

Cross-shore migration

In line with Section 5.3.2, the cross-shore shoreline migration is discussed utilizing five transects, location at
alongshore position y = 600 (red), 1200 (green), 1500 (blue), 1800 (yellow), and 2400 meter (purple) (Figure
5.8). The shorelines at outer transects, located at y = 600 and 2400, were assumed to follow the autonomous
shoreline trend, uninfluenced by the nearshore nourishment. To highlight the influence of the nourishment
and to remove noise, the signals at the inner three transects are relative to August 2018 and the autonomous
shoreline trend.

The relative shoreline signals at alongshore position y = 1200 (green), 1500 (blue), and 1800 (yellow) are dis-
played in Figure 5.9. The following statements, all relative to the autonomous shoreline trend, can be made:

¢ In November, the shoreline at positions y = 1200 and 1500 started to migrate offshore.

¢ The shoreline at position y = 1800 started advancing in December.

¢ From December to May, a steady offshore movement at all three transects occurred.

¢ In May, the maximum shoreline advance of 70 meters appeared at alongshore position y = 1500 meters.
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¢ From May to August, the shoreline did not migrate relative to the autonomous trend.
* In August, a steep shoreward movement followed by a seaward movement occurred at all the transects.

[m]

Cross-shore position

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Alongshore position [m]

Figure 5.8: The five transects used for describing the cross-shore migration of the shoreline. The
displayed shoreline (white) was obtained by visual determination.
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Figure 5.9: The shoreline positions at alongshore locations y = 1200, 1500, and 1800 meters,
relative to the autonomous shoreline trend obtained at locations y = 600 and 2400 meters.

Alongshore migration
The alongshore shoreline evolution was analyzed by comparing shoreline positions at the start of each month
(Figure 5.10). In line with the previous analyses, the shorelines are relative to ty and the autonomous trend.
The following statements can be made:
* From September to November, the shoreline was relatively stable with variations of approximately 10
meters.
¢ The first substantial change in shape was noticed in December. The shoreline extended maximally 20
meters seaward compared to the previous month and obtained a bulge-like shape.
¢ From December to May, the shoreline advanced seaward to a maximum offshore location of 70 meters
and an estimated bulge width of 1000 meters.
¢ From May to August, the shoreline shape was approximately constant.
¢ From August to September, the shoreline diffused in alongshore direction, leading to an increased
width and a shoreline retreat. The shoreline extent was 45 meters, and the bulge width approximately
1100 meters.

The characteristics of the relative shoreline positions were quantified in more detail. The following method-
ology was used to extract the height, width, area, and most seaward extent of the shoreline bulge (Figure 5.11,
top):
1. First, the most offshore shoreline extent (Xpeqx) and corresponding alongshore location (Ypeqr) were
found.
2. The bulge width was defined as the length between the first points left (Y1) and right (Y2) of Yeqx hav-
ing a zero slope.
3. In addition, the bulge height was calculated as the X,,,,x minus the average cross-shore location of the
Y1 and Y2.
4. The surface area is the area below the shoreline and above the connection line Y; and Y».
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Figure 5.10: The shoreline positions at the start of each month, relative to ty and the autonomous
sandbar trend, obtained at locations y = 600 and y = 2400 meters. On the Y-axis, positive values
indicate a relative offshore migration, while negative values represent relative shoreward

migration.
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Figure 5.11: The shoreline bulge height and corresponding alongshore location, width and
surface area, obtained from the relative shoreline positions. The top image illustrates the
extraction methodology of the characteristics, the middle and bottom four the characteristics

time-series.

The methodology only holds when the shoreline had a bulge-like shape. In December, this occurred for the
first time. Therefore, the time-series of the characteristics starts in December 2018. The following statements
can be made according to the Bulge height and alongshore location, width, and surface area (Figure 5.11):
¢ Bulge height: From December to the end of January, the bulge height decreased slightly to a value of

20 meters. Afterward, a substantial increase of 30 meters took place. From February to May, the bulge
height kept growing to a maximum of 75 meters. A decrease in bulge height followed the stable period

from May till July.

Alongshore peak location: In December, the alongshore location of the most seaward extent was near Y

=1550. From December to the second week of April, the locations moved approximately 150 meters to
Y = 1400. In the following four months, the peak locations moved back to its initial position at Y = 1550.
After a significant alongshore variation in July, the final location of the most seaward extent was near Y

=1450.

¢ Bulge width: From December to the end of January, a stable bulge width of 450 meters was found. Af-
ter a steep increase of 550 meters in the third week of January, the bulge width became approximately

1.100 meters. From February to August, the width fluctuated around this value. In September, the
largest bulge width of 1.400 meters was found.
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* Bulge Area: The bulge surface area started in December with a value of 5,000 m? and remained con-
stant until the end of January. After a steep increase of approximately 20,000 m?, the bulge surface area
kept on growing till it reached the maximum value of 45,000 m? at the end of April. In May and June,
the surface area was constant at a value of 40,000 m?2. After a fluctuation in July, a decrease was found
from August to September. The final bulge surface area was 3,000 m?.

Note: The shoreline data in Figures 5.9 and 5.10 are relative to the autonomous shoreline, which is defined
as the average of the shoreline at transects Y = 600 and 2400: Ygy,z,; = 0.5*Ye00,; + 0.5 * Y2400,;. However, the
graphs in Figure 5.11 are relative to Y; and Y,, which are defined by the shoreline slope. Due to the different
definitions, the output can deviates slightly. Additionally, this method only allows for data extraction when
the shoreline has a bulge shape. This was from December 2018 to September 2019 (Figure 5.10).
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Figure 5.12: Time stack of the shorelines relative to ty and the autonomous trend illustrating the
erosion and accretion patterns.

According to the predicted shoreline migration (Section 5.2.2), erosion patterns at the side of the shoreline
bulge were expected due to the Leeside effect. Therefore, the alongshore shoreline evolution was discussed
by focusing on the shoreline advance and retreat patterns in time (Figure 5.12). The accretion and erosion
patterns are relative to ty and the autonomous shoreline trend.

The following statements can be made regarding the shoreline evolution left of the shoreline bulge (Figure
5.12):
e From August 2018 to December 2018, the shorelines between Y = 0 and the bulge were stable or retreat-
ing.
e From December 2018 to March 2019, the shorelines between Y =0 and Y = 800 accreted the majority of
the time. Between transects Y = 800 and the shore bulge, the erosion continued.
¢ From March 2019 to August 2019, the shorelines between Y = 0 and Y = 400 advanced. On the other
hand, erosion occurred at the shorelines between Y = 400 and the bulge.

* In August 2019 to September 2019, mostly erosion was found left of the shoreline bulge.

¢ Maximal shoreline advance occurred at position Y = 100 (June 2019, 10 meters); maximum shoreline
retreat at position Y = 900 (April, 20 meters).

The following statements can be made regarding the shoreline evolution right of the shoreline bulge (Figure
5.12):
¢ From August 2018 to April 2019, shoreline erosion took place between the shoreline bulge and along-
shore position Y = 2500.
* From April 2019 to September 2019, the erosion occurred between the shoreline bulge and Y = 2100.
From Y = 2100 to Y = 2400, the shoreline accreded most of the time, followed by erosion at the final 100
meters of the monitoring area.

* Maximal shoreline advance occurred at position Y = (April, 5 meters); maximum shoreline retreat at
position Y = 2000 (October, 25 meters).
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5.4. Concluding remarks

The sub-question "How did the nearshore berm and shoreline migrate during and after the nourishment
activities?” was answered in this chapter. The explanation was given in two-fold. First, the migration was
described theoretically, and secondly, according to the imagery time-series.

Migration behavior based on theory

The chapter started with a description of the theoretically expected migration behavior of the nearshore
berm/bar. Based on the wave climate, nourishment location, and nourishment characteristics, a shoreward
migration was predicted. Subsequently, the migration behavior of the shoreline was discussed. Based on the
active berm classification, the shoreline was expected to migrate seawards in the area near the nourishment
placement, and shoreward downdrift of the placement area

Migration behavior based on imagery time-series

The nearshore berm/bar and shoreline position time-series were analyzed from August 2018 to September
2019. The theoretical berm/bar migration partly matched the empirical migration behavior. In September
2018, the sandbar near the nourishment location started moving offshore, indicating the feeding and/or at-
taching of the nourishment. At this position, the maximal offshore berm/bar position was found in February,
after which the sandbar gradually moved shoreward again. In September 2019, the berm/bar near the nour-
ishment was almost converged with the autonomous sandbar trend.

Additionally, both the accretion and erosion patterns described by the theoretical migration were found in
the shoreline position time-series. In November, four months after the start of the nourishment activities,
shoreline advance was noticed near the nourishment location. The accretion continued till May, followed by
a period of stable shoreline positioning. Eventually, the start of shoreline retreat was found in August. The
maximum shoreline increase was nearly 80 meters (May), and the final shoreline increase approximately 50
meters (September). In total, the beach gained more than 3,000 m? of surface area, spread over 1.2 kilometers.
Furthermore, local shoreline erosion was found at the edges of the shoreline bulge. From August 2018 to April
2019, shoreline retreat up to 20 meters was found at the left-hand side of the shoreline bulge. On the right-
hand side, the erosion values were less, and even shoreline accretion occurred. In the remaining months, the
behavior flipped, resulting in more erosion at the left side and less at the right.






The influence of the hydraulic forcing on
the nearshore berm and shoreline
migration

This chapter answers the sub-questions "What is the influence of the hydraulic forcing on the nearshore berm
and shoreline migration?”. First, the theoretical influence on the nearshore berm/bar and shoreline migra-
tions is discussed. Secondly, the influence of the hydraulic forcing according to the time-series is analyzed.
Thirdly, the theoretical description is tested on the empirical found relationships. The chapter ends with the
concluding remarks.

6.1. Introduction

First, a description of the theoretical influence of the hydraulic forcing on the nearshore berm/bar and shore-
line migration was given. The influence was described using the Feeder and Leeside effects at the alongshore
transects y = 750, y = 1500, and y = 2250, see Section 6.2) for the choice of positions.

Subsequently, the influence of the hydraulic climate, characterized by the cross-shore and alongshore wave
energy fluxes F, and Fy, on the nearshore berm/bar and shoreline position time-series was analyzed at along-
shore transect y = 750, y = 1500, and y = 2250. In line with the theoretical influence, the shoreline positions
time-series at transect y = 750 and 2250 were related to the alongshore component of the wave energy. At
alongshore location y = 1500, both the berm/bar and shoreline position time-series were presented together
with the cross-shore component of the wave energy.

Lastly, the migration rates of the nearshore berm/bar and shoreline at alongshore positions y = 750, 1500,
and 2250 were studied to find indications of the described theoretical relations within the time-series. At
all transects, the migration rates were described and, subsequently, colored to cross-shore/alongshore wave
power and moment in time to highlight potential patterns.

6.2. Influence based on theory
Theoretically, the influence of the hydraulic forcing on the nearshore berm and shoreline migration can be
explained by the Feeder and Leeside-effects. The definitions of both effects are briefly restated.

Leeside effect

The nearshore berm nourishment provides shelter to the shoreline against energetic waves. In the case of in-
clining waves, the reduction of wave energy in the sheltered area leads to a decrease in the alongshore current,
and, therefore, to a locally lower sediment capacity. This allows sediments to settle and, as a consequence, to
local accretion. However, downstream of the sheltered area, the alongshore current and transport capacity
recover, leading to local shoreline erosion.

45
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Feeder effect

Large waves break at the seaward side of the nearshore berm nourishment. The remaining waves shoal and
cause onshore sediment transport. This results in onshore berm migration and shoreline advance in the area
behind the nourishment (Bruins, 2016).

Both two effects were used to describe the theoretical influence of the hydraulic forcing on the nearshore
berm and shoreline migration at alongshore transects y = 750, y = 1500, and 7 = 2250. The alongshore location
y = 1500 was chosen because it is near the alongshore center of gravity of the nourishment, and, therefore,
should be influenced strongly by the Feeder effect. Alongshore positions y = 750 and y = 2250 are located at
the sides developing shoreline bulge (Figure 5.12), and, therefore, most likely outside the sheltered zone. At
this positions, the Leeside effect should influence the shoreline strongly. See Figure 6.3 for an illustration of
the shoreline orientation and the relative wave angle of incidence relative.

Based on Feeder and Leeside effects, the influence of the hydraulic forcing at alongshore transect y = 750,
1500, and 2250 can be described as:

» Transect y = 750: incident waves coming from the North-East-East to the South-East-East lead to rela-
tive shoreline erosion (Leeside effect).

 Transecty = 1500: normally incident waves lead to relative shoreline accretion and shoreward berm/bar
migration (Feeder effect)

e Transect y = 2250: incident waves coming from the North-East-East to the North-North-East lead to
relative shoreline erosion (Leeside effect).

6.3. Influenced based on imagery time-series

The cross-shore and alongshore wave energy fluxes F, and F,, were used to characterize the influence of the
hydraulic forcing on the nearshore berm/bar and shoreline position and migration time-series at transects 7
=750, 1500, and 2250. Before analyzing, the wave energy time-series F and F, were constructed.

6.3.1. Hydraulic forcing

The wave energy flux, also called the waver power (US Army Corps of Engineers, 2015), is suggested as an im-
portant parameter for berm and shoreline dynamics (Short (1979), Miller and Dean (2007), Price and Ruessink
(2011)). The vectors Fy and F), describe the cross-shore and alongshore components. The alongshore com-
ponent of the wave energy flux, Fy, can be used as a proxy of the alongshore current (van Enckevort and
Ruessink (2003), Price and Ruessink (2011)).
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Figure 6.1: Top: the total daily and half-weekly wave energy signal from August 2018 to September
2019. Equation 6.1 was used to calculated the cross-shore wave energy fluxes.

1
E= ngHi Fy=ECgcos) F,=ECgsinf, (6.1)

The wave energy was calculated using the breaking wave height Hy, the density of seawater p, and the grav-
itational acceleration g. Additionally, the wave energy fluxes were found by multiplying the wave energy by
the shallow water group velocity Cg (= \/ghy) and the angle of approach 6; (Equation 6.1, Miller and Dean
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(2007)). The water depth at breaking point h;, was calculated during the linear wave transformation (Ap-
pendix C). For both the cross-shore and alongshore fluxes, half-weekly signals were computed to represent a

more average behavior. Besides, the cumulative signal of F, was calculated to illustrate periods with a domi-
nant angle of wave incidence.
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Figure 6.2: The alongshore daily, half-weekly, and daily cumulative wave power signal from
August 2018 to September 2019. Equation 6.1 was used to calculated the alongshore wave energy
fluxes.

The resulting cross- and alongshore wave energy flux time-series are illustrated by Figures 6.1 and 6.2. Addi-
tionally, Figure 6.3 can be used to relate the positive and negative values of the alongshore wave energy flux
to the wave direction. In general, negative wave energy corresponds with waves coming from the North-East-

East to North-North-East(0; < 67.5°), and positive wave energy with waves coming from the North-East-East
to South-East-East (8 = 67.5°).
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Figure 6.3: A schematic reproduction of the nearshore zone of New Smyrna Beach. The angle of
incidence during the monitoring period varied between 22.5° and 112.5°, which translates to -45°
degrees and 45° relative to the shore normal.

6.3.2. Position time-series analysis

In line with Section 6.2, the following relations between hydraulic forcing, berm/bar, and shoreline migration
were analyzed:

* Transecty = 750: the influence of incident wave energy fluxes F, on the relative shoreline migration.

¢ Transect y = 1500: the influence of normally incident wave energy fluxes F, on the relative berm/bar
and shoreline migration.

* Transecty = 2250: the influence of incident wave energy fluxes F) on the relative shoreline migration.

Transecty =750

The influence of incident wave energy fluxes F) on the relative shoreline migration was analyzed at along-
shore transect y = 750. First, the shoreline position time-series and the alongshore wave energy time-series
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were described. Secondly, the correspondence between the two time-series was stated.

Regarding Figure 6.4, the following statements were made:
¢ During the monitoring period, the shoreline at transect y = 750 displays a clear advance/retreat trend.

Alongshore
Wave Energy [kWatt/m]

From August 2018 to February 2019, the shoreline gradually migrated offshore. Subsequently, from
February to May 2019, a rapid shoreline retreat was found, followed by an advance until August. In the
last two months, substantial onshore and offshore fluctuations were noted.

* The alongshore wave energy flux F, varied throughout the time-series. The majority of the peaks cor-

respond with positive wave energy events (0, = 67.5°). Substantial negative alongshore wave energy
peaks (0}, < 67.5°) occurred in February 2019 and March 2019, and a smaller one was found in October
2018.

¢ From August 2018 to February 2019, general shoreline advance of 5 meters corresponded with, on aver-

age, positive alongshore wave energy fluxes (- 0.75 and + 1.25kWatt/m). Subsequently, shoreline retreat
of 15 meters (February to May 2019) coincided with a substantial negative alongshore wave energy
peak (-5 kWatt/m). From March to August 2019, the shoreline migrated 10 meters offshore, which co-
incided with low but stable wave energy. The offshore and shoreward fluctuations (order 5 meters) in
August and September 2019, both happened simultaneously with positive wave energy events (0.5 and
4 kWatt/m).
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Figure 6.4: The half-weekly alongshore wave energy flux Fy, and shoreline migration at transects y
=750 from August 2018 to September 2019. On the Y-axis, positive values indicate a relative
offshore migration.

Transecty = 1500
The influence of normally incident wave energy fluxes F on the relative berm/bar and shoreline migration
was analyzed at alongshore transect y = 1500. First, the position time-series and the cross-shore wave energy
time-series were described. Secondly, the correspondence between the berm/bar, shoreline and wave energy
time-series were stated.

Regarding Figure 6.5, the following statements can be made:

¢ From August 2018 to January 2019, the nearshore berm/bar steadily migrated in offshore direction. In
February 2019, a substantial offshore movement was found, followed by shoreward and seaward fluc-
tuation. From March 2019 to September 2019, the berm/bar migrated shoreward.

* The start of seaward shoreline migration was found in November 2018. From November to December
2018, the shoreline advance significantly. This period was followed by two months of stable shoreline
positioning. From February to May 2019, the shoreline steadily moved in a seaward direction. Sub-
sequently, little to no shoreline change occurred from May to August 2019. In the last two months,
shoreline retreat was followed by shoreline advance.

¢ The wave energy flux F, time-series displays four significant peaks in the months of October 2018 (50
kWatt/m), February 2019 (45 kWatt/m), April 2019 (65 kWatt/m), and September 2019 (90 kWatt/m).
Additionally, smaller increments can be noticed in September 2018 ( 35 kWatt /m), November 2018 (24
kWatt/m), December 2018 (16 kWatt/m), and May 2019 (12 kWatt/m).

¢ From August 2018 to January 2019, no one-to-one relationship between the wave energy peaks and
berm/bar migration can be seen. However, when focusing on more general behavior, offshore berm/bar
migration (50 meters) was found during energetic wave conditions (0 — 50 kWatt /m). Subsequently, in
February 2019, the wave energy peak of 45 kWatt/m coincided with an offshore movement 90 meters
of the berm/bar. The third substantial wave energy peak (March 2019, 65 kWatt/m), co-occurred with
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both shoreward (70 meters) and offshore (40 meters) berm/bar migration. In the remaining months,
the berm moved steadily shoreward while the wave energy was relatively low. The peak in September
did not result in any substantial berm/bar movement.

* From August to November 2018, stable shoreline positioning was found in correspondence with sub-
stantial cross-shore wave energy (50 kWatt/m). The shoreline advance of 30 meters in November 2018
coincided with the wave energy conditions of maximally 27.5 kWatt /m. From December 2018 to Jan-
uary 2019, stable shoreline positioning was found in co-occurrence with mildly energetic conditions.
Subsequently, shoreline advance was found from February to May 2019. During this accreting period,
the peaks in the wave energy time-series (50 kWatt/m in February, 65 kWatt/m in April) seem to corre-
spond with increases in the offshore shoreline migration rate. In total, the shoreline advance 30 meters.
Additionally, stable shoreline positioning and low energy wave conditions coincided from May to Au-
gust 2019. In August and September, onshore migration of 30 meters corresponded with low energy
conditions (5 kWatt/m), and offshore migration of 20 meters with substantial cross-shore energy con-
ditions (70 kWatt/m).
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Figure 6.5: Top: the half-weekly wave energy flux F, and shoreline migration at transects y = 1500
from August 2018 to September 2019. Bottom: the half-weekly wave energy flux F; and berm/bar
migration at transects y = 1500 from August 2018 to September 2019. On the Y-axis, positive
values indicate a relative offshore migration.

Transecty = 2250

The influence of incident wave energy fluxes F, on the relative shoreline migration was analyzed at along-
shore transect y = 2250. First, the shoreline position time-series and the alongshore wave energy time-series
were described. Secondly, the correspondence between the two time-series was stated.

Regarding Figure 6.6, the following statements can be made:

¢ In correspondence with the shoreline at transect y = 750, a clear erosion/accretion trend is visible in
shoreline time-series at y = 2250. Shoreline retreat started in August 2018 and continued to March
2019, followed by a significant shoreline advance (March to May 2019), and a period of relative stability
(May to September 2019).

* Restated from transect y = 750: the alongshore wave energy flux F), varied throughout the time-series.
The majority of the peaks correspond with positive wave energy events (0 = 67.5°). Substantial neg-
ative alongshore wave energy peaks (6, < 67.5°) occurred in February 2019 and March 2019, and a
smaller one was found in October 2018.

e From August 2018 to January 2019, the general offshore shoreline migration trend corresponded with
positive alongshore wave energy. In the five months, the shoreline eroded 15 meters, and the wave
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energy varied between -1 and + 2.5 KWatt/m. In January, low negative (-1 KWatt/m) and positive along-
shore wave energy (+ 0.5 KWatt/m) coincided with shoreline advance and retreat (5 meters). Addition-
ally, the substantial negative wave energy peak in February (-5 KWatt /m) happened simultaneously
with significant shoreline advance (15 meters). From April to September 2019, the positive wave energy
co-occurred with steady decay of the shoreline positions (5 meters).
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Figure 6.6: The half-weekly alongshore wave energy flux Fy, and shoreline migration at transects y
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= 2250 from August 2018 to September 2019. On the Y-axis, positive values indicate a relative
offshore migration.

6.4. Comparison theory and time-series
This section aimed to find indications of the theoretical influence of the hydraulic forcing in the berm/bar and
shoreline migration time-series. The theoretical influence, described in Section 6.2 at alongshore transects y
=750, 1500, and 2250:

Transect y = 750: incident waves coming from the North-East-East to the South-East-East (negative
alongshore wave energy) lead to relative shoreline erosion (Leeside effect).

Transecty = 1500: normally incident waves lead to relative shoreline accretion and shoreward berm/bar
migration (Feeder effect)
Transect y = 2250: incident waves coming from the North-East-East to the North-North-East (positive
alongshore wave energy) lead to relative shoreline erosion (Leeside effect).

At each transect, the migration rates of the berm/bar and shoreline were discussed first, to investigate to
most dominant migration behavior. Second, the migration rates were color to wave energy to analyze the
relationship between wave energy and migration behavior. Thirdly, the migration rates were color to time the
see if more dominant behavior patterns were visible during specific periods of the year.
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Transecty =750
The migration rates at alongshore transect y = 750 were illustrated in Figure 6.7. The figure was analyzed from
the left to the right image and led to the following statement:

The berm/bar and shoreline migration rates at alongshore transect y = 750 are illustrated at four quar-
tiles(Figure 6.7, left). As can be seen, the migration rates are evenly spread, as each quartile represents
nearly 25 %. This indicates that shoreline erosion and accretion happened both approximately 50 % of
the time.

To reveal potential patterns, the migration rates are color by alongshore wave power (Figure 6.7, mid-
dle). Additionally, the percentages of negative alongshore wave power that occurred in the correspond-
ing quartile are stated. Shoreline advance corresponds with 16 + 10 = 26 % of the total alongshore
negative wave energy. On the other hand, shoreline erosion coincided with 4 + 68 = 72 % of the total
negative alongshore wave energy.

Time-wise, the input migration time-series can be divided into two periods: before and after finishing
of the nourishment activities. To potentially clarify patterns within the data, the migration rates were
color by moment in time (Figure 6.7, right). However, the data is scattered in time, and no real state-
ments can be deducted.
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Figure 6.8: Left: the berm/bar and shoreline migration rates from August 2018 to September 2019
at alongshore transect y = 1500. Middle: berm/bar migration rates color by cross-shore wave
energy. Right: berm/bar migration rates color by moment in time.

Transecty = 1500
The migration rates at alongshore transect y = 1500 were illustrated in Figure 6.8. The figure was analyzed
from the left to the right image and led to the following statement:

¢ The berm/bar and shoreline migration rates at alongshore transect y = 1500 are illustrated at four quar-

tiles(Figure 6.8, left). Compared to the migration rates at transect y = 750, shoreline advance occurred
more frequently. During 34 + 30 = 64 % of the time, the shoreline accreted while negative shoreline
erosion rates only occurred at 22 + 14 = 36 % of the time. Onshore berm migration and shoreline ad-
vance happened during most of the time (34%). Additionally, the maximum shoreline (+/- 3 m/day)
and berm/bar (+/- 4 meters/day) migration rates were found to be higher than at alongshore transect
y =750 (+/- 1.5 and +/-2 meters/day).

The migration rates color by cross-shore wave energy are illustrated in the middle image of Figure 6.8.
Additionally, the percentages of cross-shore wave power that occurred in the corresponding quartile
are stated. Shoreline advance occurred simultaneously with 33 + 37 = 70 % of the total cross-shore
wave energy. On the other hand, only 21 + 9 = % coincided with shoreline retreat.

The migration rates were color by moment in time to clarify potential patterns within the data (Fig-
ure 6.8, right). Additionally, the migration rates occurring after completion of the nourishment are
illustrated with a black edge. Visually, the two left quartiles (onshore berm migration and shoreline
advance/retreat) occurred more often from approximately 200 days (end of February 2019) to 400 days
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(September 2019). Additionally, offshore berm migration and shoreline advance (top right quartile)

happened mostly during the first 200 days of the time-series (August 2018 to February 2019)
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Figure 6.9: Left: the berm/bar and shoreline migration rates from August 2018 to September 2019
at alongshore transect y = 2250. Middle: berm/bar migration rates color by alongshore wave
energy. Right: berm/bar migration rates color by moment in time.

Transecty = 2250
The migration rates at alongshore transect y = 2250 were illustrated in Figure 6.9. The figure was analyzed
from the left to the right image and led to the following statement:

e The berm/bar and shoreline migration rates at alongshore transect y = 2250 are illustrated at four quar-
tiles(Figure 6.9, left) and are found to be similar to the migration rates at alongshore transect y = 750.
The maximum shoreline and berm/bar migration rates were approximately +/- 1 and +/- 2 meters/day.
Additionally, the migration rates are evenly spread, resulting in quartiles that represent nearly 25 % of
the conditions.

* The migration rates color by cross-shore wave energy are illustrated in the middle image of Figure 6.9.
Additionally, the percentages of cross-shore wave power that occurred in the corresponding quartile
are stated. Shoreline advance occurred simultaneously with 24 + 14 = 38 % of the total positive along-
shore wave energy. On the other hand, only 21 + 40 = 61 % coincided with shoreline retreat.

* The migration rates were color by moment in time to highlight potential patterns within the data (Fig-
ure 6.9, right). By visually analyzing the scatter data, it seems that the two lower quartiles correspond
with migration data from the period 0 — 200 days (the end of February 2019), while the top quartiles
more match to data from the period 200 — 400 days (March to September 2019). This matches the state-
ments from Section 6.3.2.

6.5. Concluding remarks

This section concludes Chapter 6 and answers the sub-question "What is the influence of the hydraulic forc-
ing on the nearshore and shoreline migration?” The question was answered in twofold, first by describing the
influence based on theory, and second, based on the analysis of the imagery time-series. Finally, the theoret-
ical description was tested on the empirical found relationships. All analyses were performed at the sides of
the alongshore nourishment placement (y = 750, 2250), and at the alongshore location of the center of gravity
of the nourishment (y = 1500).

Influence based on theory

Theoretically, the influence of the hydraulic climate on the berm/bar and shoreline migration can be dis-
cussed by the Feeder and Leeside effect. Implying both the New Smyrna Beach site, the influence was de-
scribed as:

» Transect y = 750: incident waves coming from the North-East-East to the South-East-East, or negative
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alongshore wave energy, lead to relative shoreline erosion (Leeside effect).

¢ Transecty = 1500: normally incident waves, or positive cross-shore wave energy, lead to relative shore-
line accretion and shoreward berm/bar migration (Feeder effect)

» Transect y = 2250: incident waves coming from the North-East-East to the North-North-East, or posi-
tive alongshore wave energy, lead to relative shoreline erosion (Leeside effect).

Influence based on imagery time-series

The hydraulic forcing, defined as the alongshore and cross-shore components of the wave energy, was related
to the berm/bar and shoreline position time-series at transects y = 750, 1500, and 2250. Overall, no one-to-
one relations were established, but certain correspondence in the time-series trends was found.

At transect y = 750, located outside of the sheltered area of the nourishment, the shoreline time-series were
related to the alongshore component of the wave energy F,. Except for May 2019, positive alongshore wave
energy events up to 2.5 kWatt/m did not result in a significant change in shoreline (order 5 meters). On the
contrary, shoreline retreat of 15 meters coincided with a substantial negative alongshore wave energy event
(April, -5 kWatt/m).

At transect y = 1500, located at the alongshore center of gravity of the nourishment, the berm/bar and shore-
line time-series were related to the cross-shore component of the wave energy F. From August 2018 to March
2019, offshore berm migration coincided with cross-shore wave energy. This period exactly matches the pe-
riod of nourishing. From March to September 2019, onshore berm migration corresponded to cross-shore
wave energy.

Additionally, stable shoreline positioning was found in correspondence with substantial cross-shore wave
energy (50 kWatt/m) from August to November 2018. From November to May 2019, cross-shore wave energy
corresponded with 30 meters of offshore shoreline movement. Stable shoreline positioning corresponded to
low wave energy from May to August 2019. In the last two months, shoreline retreat (30 meters) was found
during low energy conditions and, subsequently, shoreline advance (20 meters) coincided with significant
shoreline energy.

At transect y = 2250, located outside of the sheltered area of the nourishment, the shoreline time-series were
related to the alongshore component of the wave energy F,. From August 2018 to January 2019, the general
offshore shoreline migration trend corresponded with positive alongshore wave energy. Additionally, the
substantial negative wave energy peak in February (-5 KWatt /m) happened simultaneously with significant
shoreline advance (15 meters). From April to September 2019, the positive wave energy co-occurred with
steady decay of the shoreline positions (5 meters).

Comparison

At alongshore transect y = 750, strong indications of the theoretical influence were found in the berm/bar
migration time-series. Between August 2018 to September 2019, 72 % of the total negative wave energy was
related to shoreline retreat.

At alongshore transect y = 1500, indications of the theoretical influence were found in the berm/bar and
shoreline migration time-series. During 34 % of the time, onshore berm migration corresponded with shore-
line advance. In total, 33 % of the cross-shore wave energy could be related to this migration behavior. Visu-
ally determined, onshore berm migration and shoreline advance occurred mostly from March to September
2019.

At alongshore transecty = 2250, indications of the theoretical influence were found in the berm/bar migration
time-series. Between August 2018 to September 2019, 62 % of the total positive wave energy was related to
shoreline retreat. Visually determined, offshore berm migration occurred mostly from March to September
2019.






Discussion

This chapter discusses the most relevant results of the study by comparing it to previous findings in the liter-
ature. Additionally, it elaborates on the assumptions and inaccuracies of the imagery extraction methods.

7.1. Reflection of results

This section reflects on the results of Chapter 5 and Chapter 6 in four steps. First, the results of this thesis
are used to discuss the benefits of Argus monitoring. Second and third, the Feeder and Leeside effects are
discussed by reflecting on the berm and shoreline position time-series. Fourth, the efficiency of nearshore
berm nourishments is discussed.

7.1.1. Potential benefits of Argus monitoring

The berm/bar and shoreline position time-series obtained by the Argus imagery data display fluctuations
of 5 to 10 meters on a timescale of days. In general, it is not uncommon to find natural fluctuations of the
morphology in a coastal system with varying wave conditions. The variability of the beach morphology at
Noordwijk, The Netherlands, is used as an example. Quartel et al. (2007) describe the daily to seasonal cross-
shore behavior of a sandbar using Argus imagery data. On average, it was found that the daily migration
behavior was 7 meters per day, while the seasonal migration was only 0.1 meters per day. Besides the natural
variability of the berm/bar and shoreline positions, the imagery extraction approaches may partly contribute
to the observed fluctuations.

Depending on the aim of the measurements, daily data can be preferred over individual bathymetry surveys
taken at longer time intervals. The fluctuations in the daily berm migration signal are in the order of 5 to 10
% of the total migration signal. This can be acceptable if there is aimed at finding, for example, the yearly
net migration rate. However, when the aim is to describe the effect of a single storm, the migration response
can be in the same order as the observed fluctuations. In that case, daily data can be preferred to describe
the morphodynamic response. By signal averaging, the fluctuations can be reduced, which makes the influ-
ence of the storm better visible. Therefore, daily data, such as Argus imagery, can help to correctly describe
processes related to the behavior of nearshore nourishments and the corresponding shoreline.

The signal averaging was used in this thesis to highlight the influence of the nearshore berm on the nearshore
zone of New Smyrna Beach. All berm/bar and shoreline position time-series were made relative to respec-
tively the autonomous berm and autonomous shoreline signals. By making the time-series relative, potential
noise due to varying water levels and run-up was removed. Besides the removal of these daily variations, the
seasonal sand bar and shoreline dynamics described by Hoefel and Elgar (2003) and Stive et al. (2002) were
eliminated from the times-series. The autonomous signals were calculated as the average of the signals ob-
tained at nearly 1,000 meters left and right from the nourishment center. At these locations, it was assumed
that the nourishment was not able to influence the sandbar and shoreline systems. All in all, the daily Argus
imagery data enabled the construction of position time-series covering the berm/bar and shoreline migration
due to the nourishment only.

55
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7.1.2. The Feeder effect

No one-to-one relationships were found between the berm/bar migration and cross-shore wave energy fluxes
at New Smyrna Beach. This implies that significant berm/bar migration was not necessarily linked to indi-
vidual energetic wave events. However, from a broader perspective, relative offshore berm/bar migration was
found with energetic wave conditions in the first six months. In the remaining seven months, the berm/bar
migrated relatively onshore with both energetic and non-energetic conditions (Figure 7.1).
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Figure 7.1: The half-weekly cross-shore wave energy (left axis) and the relative berm/bar
migration (right axis) near the nourishment center from August 2018 to September 2019.

In 1999, a nearshore berm nourishment similar to New Smyrna Beach was carried out at Egmond, The Nether-
lands (van Duin et al., 2004b). The development of the nearshore berm nourishment and double sandbar
system was analyzed to help understand the behavior at New Smyrna Beach. The nourishment, constructed
with a split barge, was placed just seaward of the outer sandbar (Figure 7.2, left). After 18 months, the outer
bar was migrated shoreward, and a through had established between the nourishment and the outer bar. The
nourishment seemed to replace the sandbar locally and acted as the new outer bar (Figure 7.2, middle). After
30 months, the nearshore berm nourishment was decreased in height, and no further onshore migration of
the sandbar was found (Figure 7.2, right). In general, the observed onshore and subsequent stable positioning

of the sandbar is somewhat remarkable because the net annual sandbar migration at Egmond was directed
offshore
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Figure 7.2: Measured Egmond bathymetries in meters relative to NAP: September 1999 (left),
April 2001 (middle), and April 2002 (right). Adapted from: van Duin et al. (2004b).

The following description is hypothesized to characterize the nearshore berm nourishment and sandbar mi-
gration behavior at New Smyrna Beach. It has similarities with eatlier observations found at Egmond and,
therefore, confirms the findings of van Duin et al. (2004b):

¢ As predicted by the active classification (Hands and Allison (1991) and Brutsché et al. (2019)), the
nearshore berm nourishment migrated towards the shore after placement (Figure 7.3, i and ii). How-
ever, the time-series in Figure 7.1 suggests an offshore migration of the berm/bar in the first six months.
The way of analyzing can explain the deviation between the imagery data and time-series. In this re-
port, the sandbar dynamics were monitored to observe the influence and/or attachment of the nearshore
berm nourishment. Eventually, the onshore migrating berm caused offshore migration of the sandbar
(see the next bullet-point). Because, from that point onward, no deviation could be made between the
berm and sandbar, the terminology berm/bar was used.

* In line with the findings at Egmond, the nearshore berm nourishment locally replaced the original
sandbar (Figure 7.3, iii). In the shadow zone, the old sandbar migrated shoreward under the influence
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of the remaining shoaling waves (Hoefel and Elgar (2003), Ruessink et al. (2007)). This phenomenon,
earlier found by Wijnberg and Holman (2008), is called a shoreward propagating accretionary wave
(SPAW). Price et al. (2017) confirmed the onshore migration of SPAWs during less energetic wave con-
ditions. These conditions can occur due to the seasonality of the wave climate, or in this case, by the
sheltering effect of the nourishment. The onshore migration caused the SPAW to attach to the inner
sandbar and to the initiation of a second SPAW, which, on its turn, migrated shoreward. Finally, this
second SPAW attached to the shoreline.

¢ After the completion of the nourishment in March 2019, no new sediment volumes were deposited

in the nearshore zone of New Smyrna Beach. This allowed the system to form alongshore continues
sandbars. In time, the system is trying to return to its original state, leading to an onshore migration of
the sandbar in cross-shore direction. (Figure 7.3, iv). The onshore migration can also be seen in Figure
7.4.

This research aimed to find indications of the Feeder effect by comparing the migration results of the berm/bar
to wave energy fluxes. Although no one-to-one relationships were found, the Argus imagery data illustrates

the onshore migration of the nourishment clearly. Additionally, the hypothesized SPAWs cause accretion to

the beaches of New Smyrna. The combination of onshore berm migration and the feeding of the shoreline

is the exact definition of the Feeder effect. The hypothesized migration of the nourishment, sandbars, and

SPAW’s is schematized in Figure 7.4. Therefore, it is suggested that the Feeder effect plays an essential role in

the shoreline dynamics of New Smyrna Beach.
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Figure 7.3: Timex imagery of NSB on September 1, 2018 (i); September 15, 2018 (ii); November 1,
2018 (iii); February 02, 2019 (iv), illustrating the migration of the nearshore berm and sandbars.
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Figure 7.4: The migration of the nearshore berm nourishment, outer sandbar, inner sandbar,
SPAWSs, and shoreline characterize the hypothesized Feeder effect at New Smyrna Beach.

7.1.3. The Leeside effect

No one-to-one relationships were found between the downdrift shoreline migration and alongshore wave
energy fluxes at New Smyrna Beach. This implies that significant downdrift shoreline migration was not
necessarily linked to individual oblique energetic wave events. However, two strong indications of the Leeside
effect were found.

First, clear erosion/accretion patterns at the side of the developing shoreline bulge were observed (Figure
5.12). These erosion patterns were found downdrift of the shoreline bulge, which matches the described re-
lation between shoreline migration and alongshore wave energy of the Leeside effect (Mulder et al., 1995).
Second, the shoreline positions in December and April further strengthen the suggested presence of the Lee-
side effect (Figure 7.6, middle, and bottom). Both shorelines are shaped similarly to the theoretically expected
shoreline of the Leeside effect. For clarity, the shoreline at the start of nourishing is also displayed (Figure 7.6,
top). Theoretically, the presence of the Leeside effect at New Smyrna Beach could also be suggested by com-
paring the time-series of alongshore wave energy fluxes with the alongshore location of the most seaward
extend of the shoreline bulge. However, any potential correlation between the two is distorted due to the
varying alongshore location of sediment deposition (Figure 7.5).
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Figure 7.5: The volume of sand place in the nearshore zone of New Smyrna Beach varied in time
and alongshore location.

Potentially, the Leeside effect can be influenced by other processes. For example, at New Smyrna Beach, a
possible explanation of the significant difference between the two downdrift erosion levels may lie in the vol-
ume of deposited sediments (Figure 7.5). The cumulative amount of placed sediment on April 02, 2019, was
approximate twice the size of that on December 01, 2018. According to the Leeside effect, the main reason for
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shoreline erosion is the decrease and subsequent increase in sediment transport capacity, which is caused
by the sheltering of the nourishment. Because the nourishment was smaller in December than in April, less
erosion would be expected. Another possibility would be the increased blocking effect of the shoreline bulge.
Similar to the Leeside effect, the blocking effect results in a reduction of the alongshore current, and, there-
fore, to downdrift erosion (Bosboom and Stive, 2015). Compared to April, the most shoreward extent was
relatively small in December, leading to less erosion. Lastly and less applicable to New Smyrna Beach, high
angle waves for which transport decreases for increasing wave angles can result in the growth of the shoreline
bulge (Ashton and Murray, 2006). This positive feedback can only occur at relative wave angles larger than 45
degrees (Figure 7.8, right).

This research aimed to find indications of the Leeside effect by comparing the migration results of the shore-
line to the alongshore wave energy. Although no one-to-one relationships between observed the shoreline
erosion and the alongshore wave energy fluxes were established, the general trend matched the definition
of the Leeside effect. Additionally, the Timex of December 2018 and April 2019 data further strengthen the
suggested presence of the Leeside effect. Until this moment, the presence of the Leeside effect was only sug-
gested during a nearshore berm placement at Egmond, The Netherlands (van Duin et al., 2004b).
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Figure 7.6: Timex imagery of New Smyrna Beach on August 02, 2018, December 01, 2018, and
April 2, 2019, illustrating the development of the shoreline shape and the suggested influence of
the Leeside effect.

7.1.4. Efficiency of nearshore berm nourishments

The observed increase of beach width behind the nearshore berm nourishment is relatively rare. Until now,
only 1 out of 27 analyzed nearshore berm nourishments resulted in a significant increase of the sub-aerial
beach (Brutsché et al., 2014). The low efficiency is underlined by Van Rijn (2011), stating that the ratio of
initial nourishment volume and sediment increase in the beach zone (-1 to +3 meter above mean sea level)
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due to a nearshore berm nourishment is about 2 % to 5 % after 3 - 5 years. However, at New Smyrna Beach,
a clear increase in the dry beach area was already found after three months. Two months after finishing
of the nourishment activities, the maximum increase of beach surface area was reached: 45,000 m? (Figure
7.7). After six months, the area was reduced by 1/3 to a value of 30,000 m?. Although the exact efficiency
of the nourishment cannot be calculated due to the lack of bathymetry data, it is evident that the shoreline
response is more distinct compared to earlier observations.

Cross-shore position [m]
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Figure 7.7: Timex imagery of New Smyrna Beach on May 01, 2019, illustrating the maximal
shoreline advance due to the nearshore berm nourishment.

Based on the reduction of 15,000 m? in 4 months, it can be predicted that the beach will return to its original
state within a year. However, theoretically, the erosion rates of a shoreline perturbation reduce in time. This
can be explained by describing the alongshore and cross-shore erosion components. In the alongshore direc-
tion, the erosion of the shoreline bulge depends on the wave angle relative to the coast (Ashton and Murray,
2006). With relative wave angles lower than 45 degrees, the crest of the shoreline bulge will erode, while ac-
cretion occurs upstream and downstream (Figure 7.8, left). In time, the diffusion of the bulge leads to lower
relative wave angles, and, therefore, to lower erosion rates. In the cross-shore direction, the increased beach
volume due to the nourishment decays exponentially and initial losses up to 25 % of the total nourished vol-
ume can be expected (Verhagen, 1996). Therefore, according to theory, it is predicted that the increased beach
surface area will erode more slowly in time. After 3.5 years, 10 % of the maximum increased beach surface
area should still be present (Verhagen, 1996).

Various reasons can be the cause of the larger observed effect of the nearshore berm on the shoreline of New
Smyrna Beach. An explanation may lie in the fact that there are strong indications of both the Feeder and Lee-
side effects. Regarding the Feeder effect, it is not uncommon to find suggestions at the shallow placements.
The relation between the Feeder effect and placement depth was described earlier by Hallermeier (1981).
However, the effects of the Leeside are observed less often. For instance, no signs of the Leeside effect were
observed during two extensive research of nearshore berm nourishments placed at a similar depth (Brutsché
etal. (2014), Hoekstra et al. (1997)). Although to a lesser extent than at New Smyrna Beach, the berm’s function
as a sediment source (Feeder effect) was confirmed for both cases. One distinct difference between the three
placements is the cross-shore nourishment density: NSB ~ 875m3/m, Egmond =~ 375m3/m, Terschelling
~ 475m3/m. This implies that, besides the placement depth, the cross-shore density of the nourishment
might play an important role in the presence and strength of the Feeder and Leeside effects. However, the
validation of this statement is not in the scope of this study.
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Figure 7.8: Illustrations describing the shoreline shape in relation with the incoming wave angle.
Wave angles lower than 45 ° relative to the coast cause negative feedback (left), while angles larger
than 45 ° result in positive feedback (right). Adapted from: Ashton and Murray (2006).
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7.2. Assumptions and inaccuracies
This section discusses the inaccuracies and uncertainties of the extraction approach of the sediment outflow,
berm/bar, and shoreline positions in sequence.

7.2.1. Sediment outflow positions

The sediment outflow position extraction method used several assumptions to obtain the location of the pipe
outflow. First, it assumed no relocation of the pipeline throughout the day. Second, the center of gravity of
the pipe outflow was tracked manually. Both the assumption and the extraction method involve positions
uncertainties. Furthermore, it was possible to track 74 % of the days at which nourishment activities took
place. This leaves 26 % of the days at which deposited sediments could not be assigned to a deposition
location. The sediment outflow positions were only used for interpreting the migration time-series of the
berm/bar and shoreline. Therefore, any (incorrect) assumptions and untracked days will not one-to-one
lead to significant inaccuracies further in the study.

7.2.2. Nearshore berm/bar positions

The BLIM model was used for the nearshore berm position extraction. The model approach was tested for
the four Argus imagery types, and the optimal type was selected based on visual inspection. However, an
empirical comparison between the found locations of persistent wave breaking and the actual berm/bar crest
would provide a more reliable selection.

Additionally, the extraction approach used several assumptions. The most important is the relation between
wave breaking and underlying bathymetry. In unsaturated wave climates, the berm crest corresponds well
with the location of persistent wave breaking. However, in the case of a saturated wave climate, the deviation
between both locations increases to a difference in the order of 10 meters. Therefore, the input imagery
data set was restricted to water level and wave height. However, to secure a sufficient temporal density of
the output, saturated wave conditions were not ruled out. Furthermore, observing larges waves using video
imagery has more uncertainty then smaller waves. Large waves violate the flat water surface (used during the
georectification process) assumption more, resulting that wave breaking areas appear more smeared in the
offshore direction. Also, larger waves break further offshore, where the pixel resolution is worse, which again
leads to more smearing.

Concludingly, the potential variability between the measured berm/bar positions and actual positions is
largest with energetic wave conditions, and lead to overestimated (offshore) migration rates. Regarding the
research, this can lead to more difficulty in finding consistent relationships between hydraulic forcing and
berm/bar migration. The selection of the Timex based on visual inspection will not have significant conse-
quences because the use of Timex is already validated in other literature.

7.2.3. Shoreline positions

Most automated shoreline detection models had difficulties in defining the shoreline of New Smyrna Beach.
Although each model algorithm was based on different site characteristics, non led to accurate results. This
can be explained in two-fold. One, the site characteristics did not match the characteristics at which the
models were developed and validated. Two, the input imagery contained features which complicated the
shoreline extraction. Both statements were (partly) true. The SLIM and CCD models were developed using
shorelines which site characteristics differ significantly from New Smyrna Beach, which makes the possibility
of an accurate shoreline extraction less likely. Additionally, the Imagery data set of New Smyrna Beach con-
tains much beach noise (beach-goers, parasols, vehicles) and has a varying brightness level throughout the
image (a result of the merging process). Moreover, it has been found that the percentage of succeeding of the
shoreline detection models varies significantly on the site characteristics (Plant et al., 2007). Altogether, it is
not surprising that tested shoreline detection models did not result in accurate shoreline positioning.

Besides the automated shoreline detection models, a manual determination approach was tested. In line
with the manual determination approach for the sediment outflow positions, it was tested by one person.
Therefore, the resulting shorelines are subjective. This can cause incorrect and biased shoreline position
time-series, which, on its turn, can lead to a more challenging to establish relationship with the hydraulic
forcing. Furthermore, the shoreline obtained from the manual determination approach had a spatial point
density of 1 in 50 meters. In other words, this approach assumes a constant shoreline within 50 meters,
something which is unlikely to be true.






Conclusions

By analyzing the nearshore berm nourishment of 2018 at New Smyrna Beach, this research aimed to increase
the understanding of the development of nearshore berm nourishments in relation with the corresponding
shoreline evolution. The objective of the thesis was translated into the main research question:

How does a nearshore, concentrated berm nourishment influence the beach during and after nourishment
activities?

The conclusions and recommendations of the research are described in this chapter. First, the conclusions
of the three research sub-questions are stated. Together, they answer the main research question. Second,
recommendations for future research are given.

8.1. Converting images to berm and shoreline positions

This section answers the research sub-question "How can the nearshore berm and the shoreline positions
be optimally extracted from the New Smyrna Beach imagery data?”. The extraction methods of the sediment
outflow positions, nearshore berm positions, and shoreline positions are discussed in order.

Sediment outflow position extraction

The monitoring starting point of the nearshore berm were the placement locations. From August 2018 to
March 2019, sand was deposited in the nearshore zone of New Smyrna Beach via a pipeline. The visibility
of the pipe outflow on georectified and merged Snapshots, Timex, Variance, Brightest, and Darkest imagery
types were compared to find the type that resulted in the most accurate outflow positions. The 10-minute
averaging effect of the Timex imagery canceled most noise and resulted in the cleanest image compared to
other imagery types. Additionally, the pipeline location on the Timex imagery represents the average location,
which removes the variability in the pipeline position due to wave motions while sampling. In 74 % of the
time, it was possible to obtain the outflow position via manual determination. The estimated precision of the
manual determination approach is in the order of 5 meters.

Nearshore berm position extraction

The BLIM model was found to be an accurate approach to extract the nearshore berm positions from the
Argus imagery data. The model assumes that the locations of wave breaking correspond with the locations
of the nearshore berm crest. However, using the imagery data, the sub-tidal bar and the nourishment berm
cannot be seen as separate entities and are therefore analyzed as one (the berm/bar positions). It was chosen
to monitor the nearshore berm positions near the local inner sandbar. The Timex, Variance, Brightest, and
Darkest imagery types were tested to find the input type that resulted in the most accurate nearshore berm
positions during alternating wave conditions. The Timex imagery was found to be the only imagery type that
delivered accurate berm/bar positions during mildly energetic and energetic wave conditions. To remove
potential inaccurate berm/bar migration due to varying water levels, the Timex imagery data-set was filtered
to water level and wave height. Additionally, Timex images with insufficient image quality (sun-glare, fog,
broken cameras, etc.) were manually rejected. Eventually, this led to a time-series of 359 berm/bar positions
in the alongshore, which is, on average, once a day. The estimated accuracy of the used approach was in the
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order of 10 meters.

Shoreline position extraction

Four extraction approaches were tested to find the optimal method for converting imagery data to shoreline
position time-series. The SLIM model turned out to be unsuitable for the New Smyrna Beach site, while
the CCD and PIC models did not lead to accurate and consistent shoreline positions. On the other hand,
the manual extraction approach showed promising results and was therefore selected to use. The shoreline
was defined as the visual separation line between water and sand. The Timex imagery type displayed this
separation line most consistently, and was, therefore, used as the input type. The image contrast and blue
tones were increased to improve the visibility of the separation line between sand and water. To remove
potential inaccurate shoreline migration due to varying water levels, the Timex imagery data-set was filtered
to water level and wave height. Eventually, this led to a time-series of 165 shoreline positions, which is, on
average, once every three days. The estimated precision of the manual determination approach is in the order
of 10 meters.

8.2. Description of the nearshore berm and shoreline migration

This section answers the research sub-question "How did the nearshore berm and shoreline migrate during
and after the nourishment activities?” by stating the theoretical expected migration behavior, and subse-
quently, the migration behavior found in the imagery time-series.

Migration behavior based on theory

Based on the wave climate, nourishment location, and nourishment characteristics, the nearshore berm
nourishment at New Smyrna Beach was classified as active, which corresponded to a theoretical shoreward
migration of the berm. Because of this active classification, the shoreline was expected to migrate seawards
in the area near the nourishment placement, and shoreward downdrift of the placement area.

Migration behavior based on imagery time-series

The conversion of the imagery data to time-series led to 359 berm/bar positions with an accuracy of order
10 meters and 165 shoreline positions with an approximated precision of order 10 meters. Both time-series
were used to describe the berm/bar and shoreline migration during the nourishment operation (August 2018
—March 2019) and after completion (March 2019 — September 2019).

In September 2018, one month into the nourishment activities, offshore berm/bar migration was found near
the alongshore center of gravity of the nourishment. This development continued till February 2019, at
which the maximal offshore berm/bar position of 150 meters relative to the surrounding coastal stretches
was found. Afterward, the berm/bar gradually moved shoreward again. In September 2019, the berm/bar
near the alongshore center of gravity of the nourishment had almost returned to its original position.

In November 2018, four months into the nourishment activities, the first shoreline advance was noticed near
the alongshore center of gravity of the nourishment. The advance continued till May 2019, followed by a
period of stable shoreline positioning. Eventually, at this location, the start of shoreline retreat was found
in August 2019. Changes in beach width varied in the alongshore direction with the north side occasionally
displaying different behavior than the south side. From August 2018 to April 2019, shoreline retreat up to 20
meters was found at the north side of the shoreline bulge. On the south side, the erosion values were less,
and even shoreline accretion occurred. In the remaining months, an opposite behavior was found, resulting
in more erosion at the south side and north at the right. In total, the maximum shoreline increase was nearly
80 meters (May), and the final shoreline increase approximately 50 meters (September). In total, the beach
gained more than 3,000 m? of surface area, spread over 1.2 kilometers.

8.3. Influence of the hydraulic forcing on the nearshore berm and shore-

line migration
This section answers the research sub-question "What is the influence of the hydraulic forcing on the nearshore
berm and shoreline migration?” by stating the influence based on theory, and subsequently, the influence
found in the imagery time-series. Finally, the theoretical description is tested on the empirical found rela-
tionships.
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Influence based on theory

Theoretically, the influence of hydraulic forcing on berm/bar and shoreline migration can be described by the
Feeder and Leeside effects. Both two effects were used to describe the theoretical influence of the hydraulic
forcing on the nearshore berm and shoreline migration of New Smyrna Beach. The influence was described
at two positions.

* Near the alongshore center of gravity of the nourishment: normally incident waves cause onshore berm
migration and shoreline advance.

¢ Qutside the sheltered area: incident waves cause downdrift shoreline erosion.

Influence based on imagery time-series

The cross-shore and alongshore wave energy fluxes F and F,, were used to characterize the influence of the
hydraulic forcing on the nearshore berm/bar and shoreline position time-series. The relation between wave
direction and the sign of the alongshore wave energy fluxes is illustrated in Figure 8.1. In words, positive
alongshore wave energy fluxes are related to waves coming from the south-east-east to north-east-east, while
negative alongshore wave energy correspond with waves coming from the north-east-east to north-north-
east.

i 0 Alongshore position [m] - 2500 j

g E & Ponce de Leon

< Inlet

78 e

@ =

£z

O

700 !
N, 0°
SEE, 112.5° E, 90° NEE, 67.5° NE, 45° NNE, 22.5°

Figure 8.1: A schematic reproduction of the nearshore zone of New Smyrna Beach. The angle of
incidence during the monitoring period varied between 22.5° and 112.5°.

Outside and south of the sheltered area, negative alongshore wave energy events corresponded with shoreline
erosion. Additionally, positive alongshore wave energy coincided with relatively stable shoreline positioning
(order 5 meters). Exceptions were two positive wave energy events in August/September 2019, which led to
both erosion and accretion.

At the alongshore center of gravity of the nourishment, offshore berm/bar migration corresponded with
cross-shore wave energy (August 2018 to March 2019). From March to September 2019, the relation flipped
and onshore berm migration coincided with cross-shore wave energy. Furthermore, the shoreline migration
at this transect was stable from August to November 2018. From November to May 2019, shoreline advance
co-occurred with cross-shore wave energy events. After a period with low wave energy and stable shoreline
positioning, instant shoreline erosion and accretion were found in September 2019. This coincided with,
respectively, a low and high wave energy event.

Outside and north of the sheltered area, the majority of the positive alongshore wave energy events corre-
sponded with shoreline erosion. The wave event in September 2019 was an exception; positive alongshore
wave energy coincided with stable shoreline positioning. Additionally, shoreline accretion was found during
negative alongshore wave energy events.

Comparison influence based on theory and time-series
It was aimed to find indications of the theoretical influence of the hydraulic forcing in the berm/bar and
shoreline migration time-series.

Outside and south of the sheltered area, strong indications of the theoretical influence were found in the
shoreline migration and wave energy flux time-series. Between August 2018 to September 2019, 72 % of the
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total negative wave energy was related to shoreline retreat.

At the alongshore center of gravity of the nourishment, indications of the theoretical influence were found in
the berm/bar, shoreline migration, and wave energy flux time-series. During 34 % of the time, onshore berm
migration corresponded with shoreline advance. Additionally, 33 % of the cross-shore wave energy could
be related to this migration behavior. Onshore berm migration and shoreline advance occurred mostly after
finishing of the nourishment (March to September 2019).

Outside and north of the sheltered area, strong indications of the theoretical influence were found in the
shoreline migration and wave energy flux time-series. Between August 2018 to September 2019, 61 % of the
total positive wave energy was related to shoreline retreat. Furthermore, it was visually determined that most
shoreline advance occurred from August 2018 to February 2019, and most shoreline retreat from February to
September 2019.

8.4. Answer to research question
The research question "How does a nearshore, concentrated berm nourishment influence the beach during
and after nourishment activities?” was answered in two-fold:

Shoreline evolution

During the nourishment activities, the nearshore berm nourishment caused the development of a bulge
shaped shoreline. One month after completion, the most offshore extent of the bulge grew to a maximal
position of 80 meters relative to August 2018 and the surrounding coastal stretches. In September 2019, six
months after completion, 50 of the in total 80 meters of shoreline advance remained. The bulge itself had
an estimated alongshore width of more than 1.2 kilometers and a dry surface area over 3,000 m?. During the
total monitoring period, alternating shoreline retreat up to 20 meters was found downdrift of the shoreline
bulge.

Shoreline mechanisms

Several mechanisms influenced the New Smyrna Beach during and after completion of the nourishment. In
the cross-shore direction, both the Feeder and Leeside effects were suggested to cause shoreline advance
near the nourishment. Both effects were suggested to influence the shoreline more strongly during the nour-
ishment activities and decrease in influence after completion. In the alongshore direction, the Leeside effect
was suggested to imply shoreline erosion downdrift of the sheltered zone. Additionally, in time, the developed
shoreline bulge diffused and caused the feeding of adjacent beaches with sediments.

8.5. Recommendations

This research aimed to increase the understanding of the development of nearshore berm nourishments
in relation with the corresponding shoreline evolution. The relation was described for New Smyrna Beach,
but to further improve the understanding, additional research is needed. The recommendations are divided
into suggestions concerning future nearshore berm nourishments at New Smyrna Beach and the research to
increase the understanding of the Feeder and Leeside effects.

Recommendation considering nearshore berm nourishments at New Smyrna Beach

« If the beach state is not an acute problem, it is recommended to nourish in the more calm wave sea-
son (May — September). The period in which the nourishment activities take place contributes to the
response of the shoreline. Normally, placement during high energy conditions (September to May) will
lead to a faster shoreline response compared to low wave energy conditions. However, the operational
working conditions are more difficult due to the significant wave breaking. Storms can lead to unwork-
able conditions, which eventually elongate the period of nourishing, and thus, cost money.

* Recommendations concerning the shape and placement location can be made for future nearshore
berm nourishments placed by pipe outflow at New Smyrna Beach. A compact shape of nearshore berm
nourishments is preferred over an alongshore elongated shape. The decrease and subsequent increase
of sediment transport capacity at the edges of the shadow zone of the nourishment lead to shoreline
erosion. To minimize this shoreline erosion, the size of the shadow zone has to be limited. Additionally,
a shallow placement in the surfzone is suggested over a placement in deeper water. The wave breaking
and wave shoaling result in sediment transport in shoreward direction.
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Recommendation to increase the understanding of the relation between nearshore berm and shoreline

¢ Future research on image to data extraction is suggested. Argus imagery data is an excellent source
for investigating long-term effects such as the Feeder and Leeside effects. However, most available im-
agery extraction methods are only capable of generating accurate outcome if the site conditions match
the conditions of the development site. Because this is rarely the case, additional research on Artificial
Neural Network (ANN) models is suggested. In contrary to most models, an ANN is not developed on a
specific site, and should, therefore, be applicable for all conditions. Furthermore, to overcome variable
image brightness due to the sun and overlap areas from merging, the use of obliques is recommended.

¢ Alongshore current and/or sediment transport measurements are suggested to be used in further stud-
ies to examine the presence and importance of the Leeside effect on shoreline development. This
research indicated the presence of the Leeside effect by examining the shoreline migration with the
hydraulic forcing time-series. As an assumption, the alongshore wave energy was used as an approx-
imation for the alongshore current. However, the use of alongshore current or alongshore sediment
transport measurements would lead to a more accurate relation description. A possible method for ob-
taining an alongshore current estimation is by a video-based particle image velocimetry (Holland et al.,
2001). Compared to this study, imagery data with a higher temporal density, e.g. 2.5 Hz, is required to
generate flow vectors.

¢ The use of stereo analysis is suggested as an overall recommendation to analyze the development of
nearshore berm nourishments in relation with the corresponding shoreline. Stereo analysis, or stere-
oscopy, is a technique that extracts 3D-information from overlapping images, acquired from different
locations. In addition to berm and shoreline positions, bathymetry, and wave height estimation can be
generated from the Argus imagery data (). This extra information will result in a more detailed relation
description between the wave climate and dynamics in the morphology.
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History of nearshore berm nourishments

This appendix illustrates the characteristics of nearshore berm nourishments from 1935 to 2010. Besides the
placed volume and water depth, the berms are specified to migration type.

Table A.1: Summary of nearshore berm nourishments. Retrieved from Brutsché et al. (2019).

Location Year Volume 103[m?] Water depth [m] Berm type Reference

Santa Barbara, CA 1935 154 6 stable Hall and Herron (1950)
Atlantic City, NJ 1942 2700 5-8 stable Hall and Herron (1950)
Long Beach, NJ 1948 460 9 stable Hall and Herron (1950)
Durban, South African 1970 2500 7-16 stable/active

Copacabana Beach, Brazil 1970 2000 4-6 active Vera-Cruz (1972)
Long Island Sound, CT 1974 1170 18 stable Bokuniewicz et al. (1977)
Lake Erie, OH 1975 18 17 stable

New River Inlet, NJ 1976 27 2-4 active

Tauranga Bay, New Zealand 1976 2000 11-17 stable Healy et al. (1991)
Dam Neck, VA 1982 650 10-11 stable

Sand Island, AL 1987 268 6 active

Fire Island, NY 1987 350 8 X

Jones Inlet, NY 1987 300 8 X

Mobile, AL (outer mound) 1988 14300 11-14 S

Coos Bay, OR 1988 4000 20-26 dispersed

Silver Strand, CA 1988 115 5-6 active

Kira Beach, Australia 1988 1500 7-10 active Smith and Jackson (1990)
South Padre Island, TX 1989 335 8 active Aidala et al. (1992)
Mt. Maunganui, New Zealand 1990 80 4-7 active Foster et al. (1994)
Perdido Key, FL 1992 3060 5-6 stable Otay (1994)

Port Canaveral, FL 1992 100 5-7 active

New Port Beach, CA 1992 1275 7-8 stable/active Mesa (1996)
Terschelling, the Netherlands 1993 2010 2-10 active Kroon et al. (1994)
Egmond, the Netherlands 1999 900 8 active van Duin et al. (2004a)
Ocean Beach, CA 2005 690 9-14 active

Ft. Myers Beach, FL 2009 175 2-3 active Brutsché et al. (2014)
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Tidal harmonic constituents NSB

This appendix displays the harmonic constituents of Daytona Beach, located 13 kilometers north of New
Smyrna Beach. The harmonics were used to predict the tide at New Smyrna Beach.

Table B.1: Tidal harmonic constituents for station 8721164, New Smyrna Beach, Florida, retrieved
from the NOAA.

constituent# name amplitude [m] speed [degr/hr] phase [degr]

1 M2 1.87 28.984104 226.3
2 S2 0.31 30 241.8
3 N2 0.44 28.43973 206.9
4 K1 0.32 15.041069 121.6
5 M4 0.03 57.96821 144.8
6 01 0.24 13.943035 131.6
7 M6 0.01 86.95232 274.4
8 MK3 0.01 44.025173 273.4
9 S4 0.02 60 293.6
10 MN4  0.01 57.423832 137.5
11 NU2 0.09 28.512583 203.1
12 S6 0.01 90 116.4
13 MU2  0.06 27.968208 215.2
14 2N2 0.06 27.895355 193.1
15 001 0.02 16.139101 124.9
16 LAM2 0.02 29.455626 270
17 S1 0.03 15 82.7
18 M1 0.01 14.496694 142.3
19 J1 0.02 15.585443 128.6
20 MM 0 0.5443747 0

21 SSA 0.2 0.0821373 48.7
22 SA 0.32 0.0410686 195
23 MSF 0 1.0158958 0

24 MF 0 1.0980331 0

25 RHO 0.01 13.471515 128.8
26 Q1 0.05 13.398661 129.1
27 T2 0.03 29.958933 223
28 R2 0.01 30.041067 97.3
29 2Q1 0.01 12.854286 91.3
30 P1 0.1 14.958931 120.8
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Linear wave transformation

This Appendix describes the process for transforming the offshore wave climate nearshore, using linear wave
theory. The resulting wave height and direction are used for analyzing the berm and shoreline migration
patterns at New Smyrna Beach.

C.1. Input

The offshore wave data is obtained from wave buoy station 41009 of the National Data Buoy Center (NDBC).
The buoy is located 90 kilometers south and 30 kilometers offshore of New Smyrna Beach. The extracted
data contains the significant wave height, the direction of dominant waves, and the dominant wave period,
sampled every 10-minutes. The local depth at the wave buoy is 42 meters and a breaker criterium of 0.75 is
used.

C.2. Methodology

The offshore wave climate is transformed nearshore using the following assumptions: parallel depth con-
tours, linear refraction, shoaling, and conservation of wave energy, which indicates that energy loss due to
bed friction and turbulence is not incorporated. Additionally, it is expected that waves with an angle between
-90 and +90 relative to the shore normal will migrate offshore.

The nearshore significant wave height H can be calculated by multiplying the offshore value Hy with refrac-
tion coefficient K, r and shoaling coefficients K, (Equations C.1, Bosboom and Stive (2015)).

H =Kjef* Ksp * Ho (C.1)

The refraction and shoaling coefficients can be calculated using Equations C.2 and C.3. The unknown vari-
ables are the nearshore angle of wave incidence, the offshore and nearshore wave group velocity. These can
be found solving equations C.4.

K= (o) + Ko=)
a=sin"! (L£0 * sin(ao)): sinfl(ci0 * sin(ao)) (C.3)

On its turn, the offshore and nearshore group and individual wave velocity are required. The (group) veloci-
ties can be found with Equations C.4. The nearshore values are calculated with n = 1 and the offshore values
withn =0.5.

cgo =nxco; co=Lo/To; Lo =2n/ko;
27

k(o) via w(zo) = gk(o) tanh(k(o) h); and w) = T—; (C.4)
(0)
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78 C. Linear wave transformation

C.3. Results

Following the methodology of Section C.2, the offshore wave climate is transformed nearshore. The resulting
wave heights are calculated in meters at breakpoint and the wave direction is the direction from which the
wave are coming from in degrees . Figures C.1 to C.2 are displaying the offshore and nearshore parameters.
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Figure C.1: The offshore and nearshore wave heights from July 2018 to October 2019 in meters.
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Figure C.2: The offshore and nearshore wave directions from July 2018 to October 2019 in degrees.
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