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Abstract

The Miyazaki Coast is located in Miyazaki Prefecture, which is on the east side of Kyushu
Island, Japan. This coast suffers from beach erosion to the north of Miyazaki Port, which is the
result of a shortage of sand supply from rivers as well as changes in waves and nearshore
currents caused by the construction of an offshore breakwater at the port. In addition,
sedimentation has occurred at Miyazaki Port, which has caused disturbances to the navigation
channel and port operations. Some coastal protection measures have been employed to preserve
the sandy beach, such as a detached breakwater, mild slope revetment, and beach nourishment.
A certain volume of sand was used in the sand nourishment work, which included sand-packed
containers, and the rest was dumped off the coast.

In this study, coastal dynamics referred to the dynamics of seasonal coastal topography
changes from 1982 to 2015. The significant wave height was obtained from observed wave
data from 2010 to 2016. Based on the local wave climate, this study set the rough-wave season
from July to October and the gentle wave season from November to June. This study evaluated
the performance of beach nourishment implemented during 2008—-2015 as well. Empirical
orthogonal function (EOF) analysis was applied to some representative cross-sections to
describe the spatial and temporal variability of longshore sandbars. This study employed
coupled Delft3D-Flow with morphology and wave interface to simulate waves, nearshore
current, and sediment transport on the Miyazaki Coast.

The study results indicated a certain degree of effect from the beach nourishment the
slowing rate of sand volume change, although the sand volume is still insufficient. Some
typhoons affected the longshore sandbar migration significantly. The first mode of the EOF
analysis showed characteristics of erosion and accretion along the cross-section. Longshore
sandbar migration could be a useful indicator for monitoring the effectiveness of beach
nourishment. Second, numerical results revealed that the sediment moves southward and
northward between each groin depending on seasonal changes in the offshore wave direction.
A sedimentation tendency around the groin was observed to be stronger under the rough-wave
condition than under the gentle wave condition. Furthermore, the influence of groin length on
the topography change was significant under the rough-wave condition. Moreover, the offshore
wave direction was observed to influence the topography change under the rough-wave
condition. Smaller incident wave angles to the coastline tended to bring stronger sedimentation
around the groin. Third, the jetty slightly mitigated the sedimentation that occurs along the
artificial beach. The combination of the current groin system and jetty at Miyazaki Port have a
small effect on sediment transport to the port. Fourth, this study observed the interactions
existed among the combination of beach nourishment, groin system, and sediment transport
along the Miyazaki Coast. Numerical results indicated that the velocity slows when the
sediment enters the compartment containing beach nourishment because the sediment absorbs
the wave energy. The combination of beach nourishment in both compartment and current
groin system provide superior performance compared with no nourishment; however, the
distance between each groin is too far. Furthermore, the combination of beach nourishment and
full-design groin provides the optimal performance. This combination will control longshore
sediment transport while simultaneously maintaining the adjacent coast, as well as provide
space for endangered animal conservation.

Keywords: Miyazaki Coast, beach nourishment, longshore sandbar, groin system, sediment
transport, longshore current, numerical model
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Chapter 1 Introduction

1.1 Background

The nearshore zone is a dynamics zone in which wave energy dissipates. Figure 1.1
illustrates nearshore morphology (Coastal Engineering Manual, 1995).

A longshore sandbar (Figure 1.1) is an elongated bank of sediment that runs parallel to the
coastline (Bird, 2011). This formation is located in the nearshore zone, and its shape is related
to the seasonal wave and currents. Longshore sandbars play a crucial role in the
morphodynamics of a sandy beach, especially in the rough-wave season when cross-shore
currents are more dominant than longshore currents. As a natural countermeasure against
coastal erosion, a longshore sandbar can dissipate up to 80% of the incident wave energy
(Walstra, 2016). The behaviours of longshore sandbars, including their rate, growth, and
migration, are provided in the studies of Lippmann et al. (1989), Elgar et al. (2009), Pape et al.
(2010), and Yubhi et al. (2016).

Along with longshore sandbars in the nearshore zone, the shoreline also interacts with
seasonal waves and currents. Wright and Short (1984) presented the relationship between the
rhythmic patterns of a crescentic longshore sandbar and shoreline. As the waves transform

while approaching the shoreline, they are first affected by the outer bar, which introduces spatial

To= of Shorcloce
(Approx. Posilion)

Surf Zana*

Trough ond Bar
http://www.pa.gsr.mlit.go.jp/miyazaki/html/ Fosition Varioble

Figure 1.1 Typical beach profile terminology (CEM, 1995)



gradients in the wave height and direction that affect the sediment transport rates in the inner
bar.

Many infrastructures constructed in the longshore transport zone face sedimentation
problems. Thus, many countermeasures have been implemented to solve this problem, such as
a groin system. Kraus et al. (1994) described the purpose of the groin system as (1) maintaining
the coast behind the structure or (2) controlling longshore transport sediment. Bruun (1952) and
Kraus (1989) indicated that the application of a groin system, including a regional perspective,
considers the stability of the adjacent coast.

Kraus et al. (1994) indicated that a groin system is a possible component of coastal
protection when intruding sand is to be managed in the upstream of a port entrance. In addition,
a groin system can control beach nourishment while simultaneously supplying material
downstream. Although the combination of these methods is not a new technology, problems
may occur because of unique processes in the nearshore zone of each coast with short-term

historical data.

1.2 Study Area

The Miyazaki Coast is located in Miyazaki Prefecture, which is on the east side of Kyushu
Island, Japan. It is characterised by a sandy coastline. As shown in Figure 1.2, this coast faces
the Pacific Ocean. Some rivers drain into the ocean along with this coast and supply sediments,

especially the Hitotsuse River, Omaru River, and Oyodo River, which are considered the

Pacific Ocean

Study area

131.80

Figure 1.2 Location of the study area



primary sources. Some transportation infrastructures have been constructed in the region, such
as Miyazaki Port and Miyazaki Airport in the south, which are connected by the Hitotsuba toll
road.

After Miyazaki Port was constructed in the southern part of the Miyazaki Coast, some
coastal protection measures were installed in the northern part. From 1998 to 2010, a detached
breakwater and mild slope revetment were installed at the northern detached breakwater of the
Miyazaki Coast. In addition to these hard structures, the process of beach nourishment was
applied in the north of the Miyazaki Coast region from 2008 to 2017.

Some research studies have indicated that the beach evolution along the Miyazaki Coast is
influenced by seasonal change. Van Enckevort et al. (2004) investigated the temporal and
spatial distribution of crescentic sandbars using video observations in several locations, and one
of the locations was in Miyazaki. Their observations were conducted from August to October
2001, during the typhoon season. This results concluded that the Miyazaki Coast has a single
longshore sandbar.

Furthermore, Suzuki (2007) observed sea bottom and nearshore currents using a video
monitoring system from August 2001 to March 2007 at Sumiyoshi beach, Miyazaki. These
observations were conducted due to severe erosion along the coast. The research concluded that
from August 2001 to July 2003, there were two longshore sandbars at Sumiyoshi beach; the
inner bar location was approximately 70 m offshore, and the outer one was approximately 300
m offshore. In addition, southward longshore currents frequently occur rather than the
northward currents.

Fujiwara et al. (2007) investigated an observation method for current in the surf zone where
topography changes intensively. The research used images of the sea surface near the coast
taken by a camera. The observations were conducted from January to December 2006. The
results confirmed that the direction of current velocity along the Miyazaki Coast was generally
southward during the observation period. The short-term change in the shoreline range was
from 30 to 40 m, and the fluctuation was 15-20m from the average shoreline position.

Sato et al. (2011) investigated the long-term evolution of the Miyazaki Coast in terms of
four aspects, namely (1) geology and geography, (2) comparison of the shoreline in available
maps and photographs, (3) sediment retention analysis in watershed scale, and (4) sediment size
and luminescence measurements of foreshore sediments. In the north of the Miyazaki Coast
region, significant severe erosion occurred at the shoreline within previous decades, especially

between the Hitotsuse and Oyodo Rivers. The sand grain size and thermos luminescence
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intensity were both found to decrease from north to south, implying the dominant direction of
longshore sand transport is from north to south.

Liu et al. (2012) investigated a 4-year evaluation of nearshore morphology of the Miyazaki
Coast based on video imagery. Results from the first three modes of empirical orthogonal
function (EOF) analysis revealed a bathymetry variation from the nearshore response caused
by cross-shore processes. The first mode revealed the coastal erosion that occurred during the
study period with a net loss of sand volume in the target region. Erosion was severe before
December 2008, especially in the offshore region, but mitigated afterwards resulting in a
relative equilibrium stage for the average beach profile. The second mode revealed the average
beach profile rotated in an anticlockwise direction around a cross-shore location 50 m away
from the present shoreline, which led to a milder beach slope during the study period. The third
mode revealed the cross-shore movement of the longshore bar. Based on the EOF analysis, the
study confirmed that the nearshore morphological process in the target area was predominant
with the cross-shore sand movement.

Murakami et al. (2015) investigated the erosion control performance of sand-packed
geotextile containers, which were installed along the Miyazaki Coast. They observed an eroding
sand dune approximately 8—12 m in height formed alongshore for a 7-km coastal stretch.
Typhoon waves in unprotected areas were observed to have caused significant erosion, whereas
no erosion was observed in areas protected by sand-packed containers, although some
containers; however, some containers were damaged by severe foreshore erosion. The eco-
friendly defence work was supported by inquiries for public use of the coast and nonsignificant
negative impacts on the egg-laying behaviours of sea turtles.

The shortage of sand in the coastal area sometimes affects the formation of longshore
sandbars (Elgar et al., 2001). Notably, the disappearance of a longshore sandbar accelerates
beach erosion. Takano et al. (2016) indicated that a relationship exists between the
disappearance of the longshore sandbar and beach erosion along the Miyazaki Coast.

New strategies have been applied to the Miyazaki Coast to restore the sandy beach to a
certain width. One short-term countermeasure involves using sand-packed containers
(Murakami et al., 2015). In 2008, a beach nourishment project was initiated to supplement the
comprehensive sediment control. During the project period, approximately 48% of the sediment
source supplied from Miyazaki Port and Sun Marina Miyazaki were located in the south coastal
region. That certain amount of sediment was a result of dredging activity and placed in the

beach nourishment area as sand back-passing. This means that a significant longshore sediment
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(a) Loggerhead turtle (b) Sterna albifrons

Figure 1.3 Endangered animal in Miyazaki Coast

Figure 1.4 Main problem along the Miyazaki Coast

transport rate existed from north to south, whereas the previous coastal protection measures
perhaps only considered cross-shore sediment transport.

This coast has a nesting population of loggerhead turtles as well as a seabird (Sterna
albifrons) population (Figure 1.3(a) and (b)), especially to the north where there is a natural
beach; both loggerhead turtles and Sterna albifrons are endangered animal. Murakami et al.
(2010) observed that the nesting population of these turtles had decreased because of beach
erosion and seawall construction. To restore a suitable coastal environment and retreated
shoreline, a beach nourishment project was conducted along the coast. It utilised a large volume
of nourishment materials excavated from an adjacent river to supply the required materials.

Figure 1.4 presents the main problem faced along the Miyazaki Coast. In addition,
sedimentation has occurred in the port, which has caused disturbances to navigation channel
and port operations.

Some countermeasures such as detached breakwaters, seawalls, and gentle slope revetments

have been implemented to control shoreline recession caused by cross-shore sediment transport.
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Although these structures have protected land use behind the coastline, they have not been able
to restore a wide sandy beach.

To control the transport of longshore sediment, a gradually lengthening groin system from
north to south was employed in the middle of the coast, particularly on the north side of the
detached breakwater. The current length of Groin 1 is 50 m, Groin 2 is 42 m, and Groin 3 is 75
m, and in the full design the length of Groin 1 is 50 m, Groin 2 is 150 m, and Groin 3 is 300 m.

At present, some groins cannot be extended because of difficulties in local consensus. In
addition to the groin system, a jetty is planned to check the sedimentation of an artificial beach

and a marina channel in Miyazaki Port.

1.3 Objectives of the Study

Relevant research studies have investigated the long-term and short-term evolution of
coastal morphology, including the trend of sediment transport and evaluation of some
countermeasures, such as a groin system. However, understanding the interaction of the groin
system combined with beach nourishment and the sediment transport problem in this eroded
coastal area located near a port remains challenging. Accordingly, the main objectives of this
study were as follows:
1. To elucidate the longshore sandbar behaviour before and after beach nourishment.
2. To evaluate the effectiveness of the groin system on controlling sediment transport upstream

of Miyazaki Port.

3. To evaluate the combination of the current groin system with the jetty at Miyazaki Port.
4. To determine the interactions among the combination of beach nourishment, groin system,

and sediment transport along the Miyazaki Coast.

1.4 Thesis Outline and Approach

This thesis is divided into five chapters and an appendix, the remainder of which is
organised as follows:

Chapter 2 presents the coastal dynamics of the Miyazaki Coast, including wave
characteristics and longshore sandbar evolution, using long-term data. Subsequently, it presents
an EOF analysis of the bottom sounding data from 1982 to 2015. This chapter also presents an
evaluation of beach nourishment performance.

Chapter 3 provides numerical modelling using some scenarios, such as comparing the

current condition with no structures along the coast, as well as a full design of the groin system
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and jetty at Miyazaki Port. This study modelled the effectiveness of structures using coupled
Delft3D-Flow, including sediment transport and wave modules. Furthermore, this chapter
discusses the topography changes, effect of the length of groin on sediment transport, influence
of wave direction on topography changes, and effect of the current groin and jetty on
topography changes in the Miyazaki Port area.

Chapter 4 introduces the combination of beach nourishment and groin system in the current
and full-design groin system. This study used coupled Delft3D-Flow and wave modules to
understand the performance of each scenario. In addition, this chapter discusses the topography
changes, sand volume changes, nourishment effect, effect of the groin system on coastal
restoration, and longshore sandbar migration.

Finally, Chapter 5 presents the study’s conclusions together with the recommendations.
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Chapter 2 Coastal Dynamics of the Miyazaki Coast

2.1 Introduction

In this study, coastal dynamics were related to the dynamics of seasonal coastal topography
changes from 1982 to 2015. During this period, severe erosion occurred to the Miyazaki Coast,
and by contrast, deposition occurred at Miyazaki Port. Some coastal protection structures,
including beach nourishment, were employed to restore the coast. This chapter presents an
evaluation of the performance of beach nourishment implemented during 2008-2015.
Furthermore, it discusses the longshore sandbar features and shoreline condition. This study
employed EOF to analyse the spatial and temporal events before and after the beach

nourishment project.

2.2 Classification of the Research Area

Long-term bottom sounding data is essential data for exploring the characteristics of a
coastal area. This study began by identifying the topography of the Miyazaki Coast, particularly
along cross-sections from No.-41 to No.-75 using bottom sounding data from September 1982
to December 2015. The data were taken periodically for each season before and after the
construction of Miyazaki Port.

Figure 2.1 illustrates the location of the research area, which is located 3 km north of
Miyazaki Port. Some detached breakwaters exist between cross-sections No.-41 and No.-51.
Gentle slope revetments and seawalls are also constructed between No.-51 to No.-62 and No.-
72 to No.-74. Other areas remain as a natural beach.

Figure 2.2 presents an example of the cross-shore profile and definition of some features
used in this research. Miyazaki Coast is categorised as a barred coast, which means that a
longshore sandbar is present. Sediment transport is an essential process for the formation of

sandbars.
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Figure 2.2 Example of a cross-shore section of the Miyazaki Coast

The purpose of this classification was to learn the morphodynamics of the Miyazaki Coast
by identifying topography changes along it. It is difficult to understand topography changes by
identifying cross-sections individually along the coast. Therefore, the Miyazaki Coast was
classified into zones based on the standard deviation of each cross-section.

Figure 2.3 presents the seasonal sea bottom profiles at cross-sections No. -42, No.-50, No.-
56, No.-64 and No.-72. The notation “Rough wave season” means from July to October,
whereas “Gentle wave season” means from November to the following June. The origin of the
cross-shore distance is the base point of each cross-section, as shown in Figure 2.1. The
migration of the longshore sandbar can be observed in these profiles. The sea bottom profiles
change significantly from 1982 to 2015. This study calculated the standard deviation (SD) along
with the cross-sections using Equation 2.1. Subsequently, the research area was characterised

using the cross-shore distribution of the SD.

N
SD—\/Z(y,»—y)Z/(N—I) (2.1
i=1

where y; is the depth at a point set along a survey line, and j is the mean depth at that point from

1982 to 2015. N is the total number of data from 1982 to 2015 at each cross-shore location.
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Figure 2.3 Seasonal sea bottom profile changes

Based on the pattern of the cross-shore distribution of SD, this study divided the research area
into five zones. From No.-41 to No.-45 is Zone-1, from No.-46 to No.-51 is Zone-2, from No.-
52 to No.-59 is Zone-3, from No.-60 to No.-71 is Zone-4, and from No.-72 to No.-75 is Zone-
5.

Figure 2.4 depicts the distribution of the SD at each zone, which has a large magnitude in
the shallow water area, especially 0 to 200m from the baseline. This range includes the shoreline,
and the elevation changes seasonally depending on the wave actions. The SD also shows larger
values around 400—500m. Longshore sandbar migration sometimes occurs here, and the
disappearance or development of longshore sandbars also causes the larger SD. As shown in
Figure 2.4(a) and (b), distribution patterns between adjacent cross-sections differ in Zone-1
and Zone-2. In these zones, it seems that a three-dimensional bathymetry change occurred
depending on the sea wave condition. On the other hand, the distribution pattern between

adjacent cross-sections seems similar in Figure 2.4(c), (d) and (e), although the distribution
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patterns such as the peak value of SD and its location differ in each zone. From Zone-3 to Zone-

5, it seems that a two-dimensional topography change tended to occur in these zones.

2.3 Wave Characteristics

The significant wave height was obtained from the observed hourly wave data from
February 2010 to December 2016, as shown in Figure 2.5.

Figure 2.6 shows the wave distribution along the Miyazaki Coast, which is presented in a
wave rose chart. Mostly incident waves came from north of the normal line perpendicular to
the shoreline. Representative waves were calculated for each month from January to December
using Equation 2.2 (Goda, 2010).

N
i=1 1 _ YN 6H!T,

, Trep =——— ,and (2.2)
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Figure 2.6 Wave rose chart of the Miyazaki Coast
where N is the number of wave data, H is the wave height in meter, 7 is the wave period in
second and @ is the wave direction in degree. This calculation aims to determine the
characteristics of waves throughout the year. The seasonal representative waves were calculated
as well.

Figure 2.7 presents the results of the representative wave calculation. The coast mainly has
southerly waves during the typhoon season from July to October, which brings relatively rough-
wave conditions. Northerly waves are mainly observed during another season, and that season
brings a relatively gentle wave condition. Based on the local wave climate, this study set the

rough-wave season from July to October and the gentle wave season from November to June.
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Figure 2.7 Monthly representative waves

The representative wave during the gentle wave season was H;3 = 1.12 m, 7753 = 7.03 s, and
the wave direction was 65 = 93.58°. The direction of the incident wave was measured
clockwise from the northward axis defined along the coastline. The representative wave during
the rough-wave season was H;;3 = 1.63 m, T3 = 7.99 s, and the wave direction was 63 =
102.93°. In both the gentle and rough-wave seasons, the direction of the wave was almost
perpendicular to the shoreline, and the wave direction was mostly from the north side of the

normal line.

2.4 Typhoon Events in Japan
Figure 2.8 depicts typhoon events that landed in Japan from 1951 to 2018. For details of
the events, please see Appendix A. According to Figure 2.8(a), the number of typhoon events

was from two up to six events every year except 2004; typhoon events landed in Japan ten times,
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Figure 2.8 Typhoon events in Japan from 1951 to 2018 (Japan Meteorogical Agency)
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the highest number since 1951. Figure 2.8(b) shows the total typhoon events based on monthly
data. The total number gradually increased from April to August and gradually decreased from
August to November. There was no typhoon in Japan from November to March.

The impact of typhoons produced not only high rainfall intensity but also rough waves that

affected sediment transport in the nearshore zone.

2.5 Existing Coastal Protection Along the Miyazaki Coast
a) Detached breakwater and gentle slope revetment

Van Rijn (2018) defined that a detached breakwater is one of hard structure that parallel to
the shoreline. This structure aims to protect a certain section of the shoreline by forming a shield
to the waves (blocking of incident wave energy). Wave energy at the shoreline is reduced by
breaking and reflection at the structure. Furthermore, the incoming wave energy will arrive in
the lee zone by diffraction around tips and through gaps.

There are two groups of detached breakwater along Miyazaki Coast. The first group is
located in Miyazaki Port area in order to counter erosion due to breakwater construction. The
second group of detached breakwater shown in Figure 2.9 that located at Zone-1 and Zone-2
in the north side of Miyazaki Port area. There is eight-unit detached breakwater in this area.

The salient formation can be seen in these zones though its specific position varies seasonally.

Source: http://www.qsr.mlit.go.jp/miyazaki/html/kasen/sskondan/media/offset.html
Figure 2.9 Detached breakwater

Figure 2.10 Gentle slope revetment
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Dean et al. (2004) defined that revetments are shore-parallel structures constructed to
reduce landward erosion. The aim of the structures is expected to make wave breaking and loss
of energy during the run-up process, restricting the reflection of the wave energy from the
shoreline.

Figure 2.10 shows the gentle slope revetment in Miyazaki Coast. Some gentle slope
revetments along the Zone-1 to Zone-2 are located in the behind of detached breakwater which
the slope of revetment is about 1:3. This structures employed along Zone-3 to in part of Zone-
4 as well. These structures consist of holes in a certain distance in the run-up area to reduce the

wave energy.

b) Seawalls

Seawalls protect the upland by reflecting wave attack. Usually, the slope of seawall is
steeper than revetment. It is designed to prevent coastal erosion and other damage due to wave
action and storm surge

Figure 2.11 presents the seawall construction in the Miyazaki Coast. The reflected seawall
constructed in part of Zone-4 (north side of revetments structures). In the in front of these

structures, some artificial armour placed to reduce wave energy. With this combination, the

Source: http://www.qsr.mlit.go.jp/miyazaki/html/kasen/sskondan/media/offset.html
Figure 2.12 Sand-pack container and beach nourishment
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artificial armour works in low to high water level when gentle wave attacks this area. On the
other hand, when the rough wave attacks this area, seawall will work by reflecting the wave.
¢) Sand-pack container and beach nourishment

Sand-pack container is one of soft engineering countermeasure to protect the shoreline
from erosion. This structure consists of continuous geotube which injected with sand.

Beach nourishment is one of soft engineering as well. The combination of sand-pack
container and beach nourishment will affect not only shoreline but also the nearshore zone
because the amount of sediment will spread in the adjacent area.

Figure 2.12 shows the geotube structures and beach nourishment, which placed in some

part of Zone-4 and Zone-5. For detail explanation, please see sub-chapter 2.6.

d) Groin system

Groin system is a group of groins that place perpendicular to the shoreline to protect the
shoreline from erosion due to high rate of longshore sediment transport.

Figure 2.13 depicts groin system in Miyazaki Coast that located in Zone-3. There are three
groins with different length and distance. The groins length are lengthened from north to south.
These structures are combined with gentle slope revetment. Furthermore, please see Chapter 4

that describes effectiveness of groin system.

(a) Side view of groin system

(b) Top view of groin system

Figure 2.13 Groin system
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2.6 Beach Nourishment on the Miyazaki Coast

Figure 2.14 shows the location of the beach nourishment conducted on the Miyazaki Coast.
The process began in 2008. A certain volume of nourishment sand was used to cover sand-
packed containers that were placed in front of dunes, and the remainder was dumped off the
coast. The sand fill work was repeated when the sand covering the sand-packed containers
washed away.

Figure 2.15 shows the volume of nourishment sand from 2008 to 2015. The sand volume
varies from year to year, depending on the availability of sand. The total volume of the
nourished sand for eight years was approximately 1,007,496 m>. From 2009 to 2010, the volume
of sand placed offshore was greater than that placed on the beach. After this period, mostly, the
sand was placed on the beach.

Figure 2.16 presents the sources of the sand used for the nourishment works. There were

two primary sources. One was sand dredged from Miyazaki Port and other ports, and the other
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Figure 2.16 The sediment source for beach nourishment

was sand dredged from the Hitotsuse and Ooyodo Rivers. Large dredging works have been

conducted along these rivers since 2004, and a certain volume of sand was available.

2.7 EOF Analysis

The Empirical Orthogonal Function (EOF) analysis is a method used to extract the
significant components of a set of data into temporal and spatial components. Winant et al.
(1975) first applied EOF analysis to study the variations in cross-shore variability. This analysis
can reveal the physical processes reflected by the first three eigenfunctions. The eigenfunctions
correspond to the average beach profile, bar-berm exchange, and low tide terrace.

This study employed the EOF method presented in Pradjoko et al. (2011) and VO (2016).

The analysis (based on Equation 2.3) was applied to a representative cross-section in each zone.

y(x, ) = X3%, en(X)cn(t) (2.3)

where y(x,t) = ys(x,t) - y(x); ys(x,t) is the distance from the baseline to the shoreline position;
and y(x) is the mean cross-shore position in the computed period. Furthermore, n, is the number

of the section along with the cross-shore profile. This parameter will be replaced by n;, which

is the number of survey times when the value of 7, is smaller than n,. In this research, the grid
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Figure 2.17 The EOF analysis processes

interval was 20 m. The cross-shore data were from the shoreline position to 900 m, which was
the location of the average of depth of closure calculated from the baseline. The water depth in
this research defined a negative value; ci(?) is the temporal parameter, ex(x) is the spatial
parameter, and # is the number of data used for the analysis. Figure 2.17 details the step by
step EOF analysis process. Furthermore, please see Appendix C for the example of EOF

calculation.

2.8 Results and Discussions
Sato et al. (2009) and Sugiyama et al. (2009) investigated the characteristics of long-term
sediment transport on the Miyazaki Coast. Higashi et al. (2016) also investigated sediment

transport around the Hitotsuse River mouth based on luminescence measurements. These
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researchers showed that both southward and northward sediment transport occurs along the
Miyazaki Coast according to the season, and the southward sediment transport is dominant
throughout the year. This following subsections discuss the effectiveness of beach nourishment

based on the characteristic of sediment transport indicated by previous results.

2.8.1 Sand volume change

Sand volume change of coast is commonly used to analyse beach evolution. The volume
change is calculated based on field survey data collected periodically with the depth of closure
set as the boundary in the offshore zone. Figure 2.18 shows the change in sand volume in each
zone. The volume was calculated along the cross-section between 100 m from the basepoint to
900 m offshore, and the dune erosion was not included in the volume calculation. The results
shown are based on the year 1982. In each zone, the volume tends to decrease at a certain speed
until the second half of 2000. Beach nourishment was conducted mainly in Zone 4, which saw
large decreases in sand from 1982 to 2003. The sand volume recovered between 2003 and 2006,
and then the volume decreased again. On the other hand, decreasing tendencies in Zone-1,

Zone-2, Zone-3, and Zone-5 were relaxed recently. It seems that a certain volume of
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nourishment sand was transported from Zone 4 to these other zones, which improved their sand
budget.

Figure 2.19 shows the rate of sand volume change. The rate is a value per unit area in each
zone. The trend of rate changes differs before and after the implementation of beach
nourishment. Some positive rates can be observed from 2008 to 2011 in Zones 2, 3, and 4, and
from 2008 to 2015 in Zone-5. The magnitude of negative volume changes in Zones 2, 3, and 5
seem to decrease after the beach nourishment began. Zone-1 had a large negative rate in the
period from 2008 to 2011, but this negative rate relaxed after 2011. Zone-4 had a large negative
rate from 2011 to 2015, and there were two large typhoons in 2013 and 2014. The natural beach
remained in this zone, and the dune behind the beach was severely eroded. This means that
dune protection is a critical measure for preserving the sand volume in this area.

Judging from the change in volume calculated before and after beach nourishment, a certain
degree of effect from the beach nourishment can be observed in the slowing rate of sand volume

change.

2.8.2 Shoreline changes analysis

Figure 2.20 shows the change in the averaged shoreline position in each zone. The
shorelines were read from beach profile data and averaged in each zone. The averaged shoreline
position have tended to retreat since 1982, and this tendency varies depending on the
construction of structures in each zone.

The construction of some detached breakwaters started in 1998 in Zones 1 and 2, and the

construction was completed in 2010. It seems that the speed of the shoreline recession in Zones
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Figure 2.20 Averaged shoreline position in each zone from 1982 to 2015
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DW = detached breakwater
GR = gentle revetment
GS = groin system

SW = seawall

NB = natural beach

(Google Earth, 2018)

Figure 2.21 Shoreline condition for each zone

1 and 2 slowed because of the construction of detached breakwaters. In Zone-3, construction of
a gentle slope revetment was completed around 1997. No sandy beaches can be seen in front of
the revetment now, and the structure suppresses further shoreline recession. By contrast, the
shoreline recession has continued in Zones 4 and 5. Because of the effect of the typhoon in
2004, the shoreline in all zones retreated by approximately 20 m. After the typhoon in 2004,
the calm waves drove sediment transport, recovering the shoreline erosion. Zone 5 experienced
significant shoreline changes because it was a natural beach.

Figure 2.21 shows the shoreline condition for each zone. There are several seawalls in
these zones, particularly in Zone-1 to Zone-3 and half of Zone-4, but the natural beach mainly
remains. Regarding the tendency of continuing shoreline recession, it is difficult to see a direct

effect of the beach nourishment on shoreline evolution.

2.8.3 Longshore sandbar evolution

The longshore sandbar plays an essential role in a healthy beach cycle. Notably, the
disappearance of the longshore sandbar sometimes accelerates beach erosion.
a) Longshore sandbar migration

Longshore sandbars migrate in a net offshore direction, and the transition of an individual
longshore sandbar consists of generation, seaward migration, and decay (Yuhi, 2016). Pape et
al. (2010) observed longshore sandbars during high-wave events at Egmond and HORS. The
longshore sandbars migrated toward the offshore equilibrium locations but never reached those

locations because of their slow response. Large offshore wave energy may activate cross-shore
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Figure 2.22 The characteristics of seasonal sediment transport mechanisms
in Miyazaki Coast
sediment transport (Kuriyama, 2002); a similar phenomenon can be observed on the Miyazaki
Coast.

Shand (2004) reveals a conceptual model of sediment transport mechanisms for the NOM
system at Wanganui. His study area has almost the same characteristics with the sediment
transport mechanisms in Miyazaki Coastal, as shown in Figure 2.22. In this case, CS No.-73
chosen as an example. Furthermore, Figure 2.22(a) depicts the sediment transport mechanism
in the period of moderate to higher energy. T1 is bathymetry in June 2012 that represent as
moderate wave energy condition, and T2 is bathymetry in August 2012 that represent as higher
wave energy condition. In this period, sediment seems to move seaward. The massive undertow
dominated flow seaward affect the land, which in this area erosion occurred and the sediment
deposit in offshore. It caused the outer sandbar migrates seaward. Furthermore, wave dissipated
in rippled terrace cause trough to grow on low tide. Inner sandbar grows while rippled states

predominate in the terrace zone.
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Figure 2.22(b) shows the sediment transport mechanism in the higher to lower that
represent the rough wave to gentle wave condition. In this period sediment recovered the beach
by landward migrating. There were topography changes in the terrace zone due to 3D
development. The longshore and cross-shore sediment transport filled the eroded beach. In the
offshore, asymmetric wave-dominated flow occurred the outer sandbar that caused this feature
moving landward.

The longshore sandbar analysed by measuring the distance of outer and inner bar crest based
on the shoreline position from CS No.-41 to No.-75.

Figure 2.23 shows the averaged location of the longshore sandbar from 1982 to 2015 in
each zone. In a single sandbar was found along a cross-section, this study defined it as an outer
sandbar. If two sandbars were found along a cross-section, this study defined them as an outer
sandbar and an inner sandbar. As shown in Figure 2.23(a), the locations of the outer sandbars

fluctuated from 1982 until the first half of 2000. This period of longshore sandbar migration
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Figure 2.23 Longshore sandbar location in each zone
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can be adjusted by observing the farthest distance of the longshore sandbar to the nearest
distance from the shoreline.

From June to October 2004, approximately 10 typhoons hit Japan, including Miyazaki (for
details see Appendix A). The peak was in August 2004 with Typhoon No. 18, which produced
high wave energy that caused a massive undertow in the swash zone. This current moved the
sediment out seaward direction. In this case, the outer longshore sandbar reached the farthest
position offshore for all zones. The migration period for this event was approximately 10 years
for Zones 2 and 3. Zones 4 and 5 had the same pattern from 1992 to 2015; in these zones, the
period of the longshore sandbar was approximately 3 years. The number of inner sandbars was
small during this period, as shown in Figure 2.23(b).

From the second half of 2000 in all zones, the location of the outer sandbar was generally
stable, showing a tendency to approach the land side. Furthermore, the inner sandbar was
frequently found in all zones except Zone 2; beach nourishment seemingly boosts the formation

of a multi sandbar system in this zone.

b) Longshore sandbar growth

Figure 2.24 shows the change in longshore sandbar height in each zone. The longshore
sandbar height was defined as the vertical distance between the trough elevation and sandbar
crest. This height fluctuated largely until the first half of 2000. From the second half of 2000,
the longshore sandbar height in Zones 4 and 5 exhibited increasing tendencies, and that in Zones
1, 2, and 3 showed decreasing ones.

Figure 2.25 shows the change of the averaged longshore sandbar scale in height and width
that is a horizontal distance between longshore sandbar crest and trough. The longshore sandbar
heights after the beach nourishment in each zone are larger than the heights before the
nourishment. Also, the distance between sandbar crest and trough becomes longer. From the
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Figure 2.24 Longshore sandbar height in each zone
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Figure 2.25 Averaged sandbar scale in each zone
tendency of increasing the longshore sandbar scales, it is inferred that a certain degree of beach

nourishment effects on the longshore sandbar evolution.

2.8.4 Spatial and temporal variability of topography conditions on the Miyazaki Coast

Changes in sea bottom sounding data from 1982 to 2015 were analysed using EOF. This
study analysed cross-section No. 44 in Zone-1, No. 50 in Zone-2, No. 56 in Zone-3, No. 64 in
Zone-4, and No. 73 in Zone-5. Figure 2.26(a) shows a spatial parameter in the first mode, and
Figure 2.26(b) shows a temporal parameter in the same mode. The contribution rate of the first
mode is 34.5% in Zone-1, 30.4% in Zone-2, 23.5% in Zone-3, 18.6% in Zone-4, and 23.8% in
Zone-5. According to the comparison of changes in sea bottom profiles, the first mode
represents the characteristics of erosion and accretion along the cross-section. In Figure 2.24(a),
the large fluctuation occurred between 300 and 660 m from the baseline because of 300 and
660 m from the baseline because of typhoon events in 1990, 1993, and 2004, as shown in Figure
24(b). Details of these typhoons are provided in Appendix A.
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Figure 2.26 Results of EOF analysis in the first mode
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Figure 2.27 Characteristics of beach profile changes in Zone-4 and Zone-5

Figure 2.27 shows the changes in sea bottom profiles in Zone-4 and Zone-5 with special
parameters calculated from the EOF analysis. In Zone 4, longshore sandbars are evolving at
approximately 480 m. The temporal parameter illustrated in Figure 2.26(b) shows a decreasing
tendency until the first half of 2000. From the second half of 2000, the temporal parameter
shows a constant value, and the sandbar height gradually evolves in this period, as shown in
Figure 2.27(a).

In Zone 5, longshore sandbars are also evolving at approximately 480 m. The temporal
parameter in this zone increases slightly until the first half of 2000, and has a constant value

from the second half of 2000. As shown in Figure 2.27(b), the sandbar height gradually evolves
from the second half of 2000.

2.9 Summary

This study evaluated the effectiveness of beach nourishment implemented along the
Miyazaki Coast using long-term bottom sounding data. A summary is presented in the
following paragraphs.

According to the results of sand volume changes before and after beach nourishment, a
certain degree of effect of beach nourishment was observed, in that it slowed the rate of change
in sand volume, although the sand volume remained insufficient.

Some typhoons significantly affected longshore sandbar migration, especially the typhoon
event in 2004. The outer sandbar existed stably from the second half of 2000, with a multi
sandbar system seeming to form. Furthermore, the sandbar scales, such as the height and
distance between the sandbar crest and trough, tended to increase. Beach nourishment seems to

have contributed to the evolution of longshore sandbars.
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Moreover, shoreline recession along the protected beach seemed small, but the recession
continued in the natural beach area. Because of the tendency of continuing shoreline recession,
it is difficult to observe a direct effect of beach nourishment on the evolution of the shoreline.

The first mode of the EOF analysis revealed the characteristics of erosion and accretion
along the cross-section. The tendency of longshore sandbar evolution could be observed in the
EOF analysis results.

The effectiveness of the nourishment could be seen along the Miyazaki Coast, although the
degree of effect varied depending on the area, and the nourishment must be continued.
Longshore sandbar migration could be one useful indicator for monitoring the effectiveness of

the beach nourishment process.
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Chapter 3 Effectiveness of the Groin System on the Miyazaki Coast

3.1 Introduction

Current groin system employed in the Miyazaki Coast. However, the sediment transport
problem remains occurred on this coast. Some groins have not been extended to their designed
length because of difficulties caused by a lack of local consensus. In addition to the groin system,
a jetty is planned to check the sedimentation of an artificial beach and a marina channel in
Miyazaki Port. This study elucidates the effectiveness of the groin system using Delft3d with

some scenarios.

3.2 Engineering Solution for Sediment Transport Control in the Near Port Area
For the ports which have sedimentation problem, solutions are needed to maintain
navigability. The Miyazaki Coast, which suffers erosion, is upstream of the Miyazaki Port
within gentle wave season period that usually starts from November to June based on the wave
data. On the other hand, the Miyazaki Port suffers sedimentation within that period. To
eliminating sedimentation in Miyazaki Port area, some countermeasures constructed along the
Miyazaki Coast.
PIANC (2008) in Davis et al. (2010) has delivered a report about the concept of these
solutions, as below:
a) Methods that keep sediment out
Keeping excess sediment out of the port that might otherwise enter and deposit can be
achieved by:
- Stabilizing sediment sources.
- Diverting sediment-laden flows.
- Trapping sediment before it enters.
- Blocking sediment entry.
b) Methods that keep sediment moving
This method is suitable for cohesive sediment. Methods to keep sediment moving include:
- Structural elements that train natural flows.
- Devices that increase tractive forces on the bed.

- Designs and equipment that increase sediment mobility.

31



- Designs that reduce cohesive sediment flocculation.

c) Methods that remove deposited sediment
Sediment can be removed after it deposits. Methods include:

- Traditional dredging and disposal.

- Agitation of deposits so that the sediment becomes mobile again.
Removing sediment includes traditional dredging disposal in water or in confined disposal
facilities, but also includes sediment agitation methods of intentional overflow, dragging, and
prop wash erosion. Agitation dredging is subject to regulation, just as traditional dredging is,
and can be perceived as contributing to water quality problems.

Based on the above concepts, it seems that the first and third method applied in Miyazaki
Coast. To keep sediment out, the full-design groin system employed to trap the sediment before
it enters the Miyazaki Port. Besides, to remove deposited sediment, Miyazaki Port conducts
traditional dredging regularly and dispose of the material as sand back passing to several
locations in Miyazaki Coast as material for beach nourishment.

However, due to some problems, the full-design groin system cannot apply yet, and the
current groin system has already constructed. Then, there is a plan to employ a 300m jetty in

Miyazaki Port area, which locates at the north side of the artificial beach.

3.3 Groin System
A groin system consists of multiple groins and is often employed as a countermeasure
against beach erosion. Groins are applied to interrupt longshore sediment transport. Kraus,
Hanson, and Blomgren (1994) defined the preferred conditions for groin to be used:
= Upstream of an inlet entrance where intruding sand must be managed.
= To reduce the loss of beach fill as well as provide material to downdrift beaches in a
controlled manner.
= In the diffraction shadows of a harbour breakwater or jetty.
= Downstream of a harbour breakwater or jetty.
= Along the banks at inlets where tidal currents alongshore are strong.
= Along with an entire littoral cell, where sand is lost without returning in an engineering
time frame.
Groin may not function well in the following cases:
e Where cross-shore sediment transport is dominant.

e When construction takes too long or they are impermeable, causing sand to be jetted
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seaward.
e When strong rip currents are created, causing potentially dangerous swimming conditions.
Kraus et al. (1994) indicated the functional properties attributed to groins as well as a critical

evaluation, which are provided in Appendix B.

3.4 Interaction Mechanism Between a Groin System and Shoreline

When a groin system is applied in a specified location, a mechanism of interaction exists
between this structure and the shoreline. Some parameters of beach response to groin were
revealed by Kraus et al. (1994) and are listed in Table 3.1. These parameters reveal that the
response of the shoreline to groin could be expressed schematically as an unknown functional

relationship.

Table 3.1 Parameters governing the beach response to groins (Kraus et al., 1994)

Groin(s) Beach and Sediment Waves!, wind, and tide
Length Wave height & SD?

. . Beach morphology (depth .
Spacing (for groin fields) contours, berm height, etc) Wave height & SD
Elevation Depth of closure® Wave angle & SD
Porosity Sediment availability Wind speed & SD
Tapering Median grain size & SD Wind direction & SD
Angle to shoreline Sediment density Wind duration & SD
Shape (as straight, angled, T-head, Tidal range
spurred, etc)

1) Long-term wave statistics or time series, and storms.

2) Standards deviation (representing variability in the given quantity).

3) Can be obtained by beach profile survey or estimated from wave information

Response = f[groin(s); beach; waves, wind, and tide], which involves at least 27 parameters
(Kraus, 1994). These responses were more than the number found for the shoreline response to
detached breakwaters. The control parameters are related to structures and include groin length,

spacing, and permeability (elevation, porosity).

Waves
% On-Offshore Longshore
I € gl
o

W

Ymin

Reference baseline =

Figure 3.1 Interaction of a groin system and certain wave direction (CEM, 2008)
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Figure 3.2 Transition groin system adjacent to a natural beach (CEM, 1992)

Figure 3.1 illustrates the interaction of a groin system with a certain wave direction, which
influences the deposition and erosion area in the compartment of the groin system. The wave
direction induces a longshore current before transporting the sediment to the groin that faces
the wave direction. The pattern of shoreline adjustment over one year is an effective indicator
of the direction of the annual net longshore transport of sediment at that location (CEM, 2008).
Potential for erosion exists downstream of a groin system, especially at the end; therefore, a
transition groin must be considered to maintain the adjacent coast.

Figure 3.2 illustrates a transition groin system adjacent to the coast, which is a natural
beach in this case. Groin lengths are gradually shortened to allow more bypassing. Generally,
groin lengths decrease along a line converging to the shoreline from the last full-length groin,
making an angle of approximately 6° to the natural shoreline (Bruun 1952). Bruun suggested
that in the design of a groin system, the length of each groin should be gradually shortened from
the upstream of the longshore sediment transport to the downstream to reduce the impact of
groins on adjacent sandy beaches. The trapping capacity of a groin system is a function of its

length, height, and spacing, as indicated by Kraus et al. (1994) and Basco and Pope (2004).

3.5 Implementation of the Groin System on the Miyazaki Coast

The Miyazaki Coast has been suffering from a beach erosion problem. In 2014, an
impermeable groin system was installed to restore the coast. The structures built were Groin 3,
Groin 2, and finally Groin 1. This system aims to reduce the rate of longshore sediment transport
from upstream to downstream as well as to push the shoreline forward. Figure 3.3 shows the
location of the groin system on the Miyazaki Coast. The distance between Groin 1 and Groin 2
is 760 m and that between Groin 2 and Groin 3 is 800 m. The current approximate length of

Groin 1 is 50 m, Groin 2 is 42 m, and Groin 3 is 75 m. In the three groins were built in front of
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Figure.3.3 Configuration of of the current groin system (left) and design of the jetty planned
in Miyazaki Port (right)

(a) Groin 3 (30 Jan. 2016)  (b) Groin 2 (27 Feb. 2017)
Figure.3.4 Sediment trapped in the groin system

the gentle slope revetment. Some detached breakwaters exist on the southern side of Groin 3,
and a sandy beach exists on the northern side of Groin 1. To check the southward longshore
sediment transport from Groin 3 effectively, as well as to mitigate the impact of Groin 1 on the
sandy beach on its northern side, Groin 3 was designed to be the longest Groin 1 was designed
to be the shortest. A plan exists to extend the groin system. The fully designed length of Groin
1 is 50 m, Groin 2 is 150 m, and Groin 3 is 300 m.

Figure 3.4(a) illustrates the amount of sediment trapped upstream of Groin 3 in gentle
wave conditions, and Figure 3.4(b) illustrates the amount of sediment trapped in Groin 2. Some
groins have not been extended to their designed length because of difficulties caused by a lack
of'local consensus. In addition to the groin system, a jetty is planned to check the sedimentation

of an artificial beach and a marina channel in Miyazaki Port, as shown in Figure 3.4(c).

3.6 Beach Classification Based on Sunamura et al. (1974)

Sunamura et al. (1974) proposed an equation for beach classification. The equation
provides the beach conditions of “Accretion” or “Erosion” based on the parameters (tan f)-
0.27(dso/Lo) *%7 and (Hu/Lo), where Hy and Ly are the offshore wave height and wavelength,
respectively, tan/ is the beach slope, and ds is the sediment diameter.

Figure 3.5 plots the classification results for the Miyazaki Coast. According to this

classification, the beach slope was 0.012, which was obtained from the average sea bottom
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Figure 3.5 Beach classification based on Sunamura et al. (1974)

profiles from 2011 to 2015.

The results under rough-wave conditions were plotted in the region C > 18, and this wave
condition was classified as erosion. By contrast, the results under the gentle wave condition
were plotted at slightly less than C = 18, which means that the gentle wave condition tends to

be during accretion.

3.7 Dataset
This study used the results of field survey data except for sediment properties, which were

taken from Lie (2016).

3.7.1 Bathymetry

Two groups of bathymetry data are available for the Miyazaki Coast. The first is from
Miyazaki Prefecture, which conducts a survey twice a year, and the other is from Miyazaki Port,
which conducts a survey annually.

This study employed two types of bottom sounding data available for two areas. They were
bottom sounding data from December 2014 for the Miyazaki Coast and from January 2015 for

Miyazaki Port. Both bathymetry datasets used the mean sea level as a reference.

3.7.2 Tidal data
Observed tidal data were collected from a tide gauge placed inside Miyazaki Port. The data
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Figure 3.6 Example of tidal data

Table 3.2 Tide component
Tide component Amplitude (m) Phase (deg)

M2 0.535 169.4
S2 0.227 201.6
K1 0.231 187.6
01 0.148 153.9

were from January to December 2016. Furthermore, the data were analysed using the Tide and
Prediction Modules in Delft3D.

Figure 3.6 presents an example of plotted tide data. Furthermore, these data were analysed
using Delft3D’s Tide module to obtain the tide component. This study employed four main
components, which are listed in Table 3.2.

The Formzahl value was calculated using Equation 3.1.

, = 2K+ 40, G.1)
AM, + AS,
where
F. = Formzahl value;
AK;, AO; = amplitude of diurnal tide;
AM>, AS> = amplitude of semidiurnal tide.

The criteria of tide characteristics were defined according to the following conditions:
F.<0.25 = semidiurnal;
0.25<F.<1.5 =mixed semi-diurnal dominant,

1.5<F.<3.0 =mixed diurnal dominant;
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F.>3.0 = diurnal.
The Formzahl value of Miyazaki was approximately 0.497, meaning that it could be

categorised as mixed semidiurnal dominant.

3.7.3 Wave data

The characteristics of seasonal wave conditions were discussed in Chapter 2, Section 2.3.
The representative wave during the gentle wave season was Hj;3=1.12 m, T3 = 7.03s, and the
wave direction was @3 = 93.58°. The direction of the incident wave was measured clockwise
from the northward axis defined along the coastline. The representative wave during the rough-
wave season was Hy;z = 1.63 m, Ti3 = 7.99s, and the wave direction was 0;3= 102.93°. Both
in the gentle and rough-wave seasons, the direction of the wave was almost perpendicular to
the shoreline.

Furthermore, to understand the effect of the groin system, this study used the representative
wave direction in January for gentle wave conditions and that in July for rough-wave conditions.
The representative in the gentle wave season was H;s = 0.92m, T3 =6.64s, and the wave
direction was 6;,;=78.58", whereas the representative wave in the rough-wave season was Hy/3
= 1.45m, Ti;5 = 7.54s, and the wave direction was &3 = 113.45°. Moreover, the offshore wave
direction was altered by 10% to evaluate the effect of wave direction on the groin system; 8=
70.72° and 86.44° were added to the gentle wave condition, and =102.10° and 124.79° were

added to the rough-wave condition.

3.8 Numerical Modelling

This study employed coupled Delft3D-Flow with morphology and wave interface to
simulate the waves, nearshore current, and sediment transport along the Miyazaki Coast. Many
researchers have demonstrated the performance of Delft3D for investigating morphology
phenomena, such as Roelvink et al. (2004), Van Rijn et al. (2004), and Giardino (2010). As a
reference, this study used the simple model of groin systems in this software by Eslami (2009)

and Walstra et al. (2004).

3.8.1 Delft3D-Flow and morphology governing equations
The Delft3D-Flow module solves nonlinear unsteady shallow water equations derived
from three-dimensional Navier Stokes equations for incompressible free surface flow, under the

Boussinesq assumption, in two (depth-averaged) or three dimensions. This system of equations
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Figure 3.7 Definition of water level (z), depth (%), and total depth (H)
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Figure 3.8 The vertical grid used in the present study

consists of the horizontal equation of motion, the continuity equation, and the conservation of
constituents.

In this module, the o coordinate system is used, where the depth is assumed to be much
shallower than the horizontal length scale. For such a small aspect ratio, the shallow water
assumption is valid, which means that the vertical momentum equation is reduced to the
hydrostatic pressure relation. Thus, vertical accelerations are assumed to be small compared
with gravitational acceleration, and therefore, are not taken into account. For a dynamic online
coupling between morphological changes and flow, the 3D sediment and morphology feature
is available.

Figure 3.7 shows the definition of water level (z), depth (%), and total depth (H), which
are used in Delft3D. The water depth was divided into five layers, where each layer had a 20%
thickness of water depth, as shown in Figure 3.8.

The continuity equation is presented in Equation 3.2:

o, o[(d+&)U] N o[(d+¢ )] +a[(d+¢:)W]
or ax oy o

-0
(3.2)

U=u+tu, & V=vitv,

(3.3)
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4 water lever above a reference level (datum)

t time
d depth below a frame of reference
U GLM (Generalised Lagrangian Mean, see Walstra et al. 2000) velocity component in

the x-direction

V GLM velocity component in the y-direction
w depth-averaged velocity in the z-direction
0 contribution per unit area caused by the discharge or withdrawal of water

u and v are Eulerian velocity components, whereas u; and v, are stokes drift components.

The momentum balance equation in the x-direction is as follows:

Unsteady Acceleration Convective Acceleration . 5
S - - Coriolis Body Force
a_U + U7 ﬂ +V ou + -wa_U — fV =
ot Ox ay o=
] Pressure Gradi Vertical Reynold's Stress  Horizontal Reynold's Stress
E)ﬂmulSource?r_SL\nkchomennm 1 ap 1 6211 agU agU
A/[I + - + ]—2Vv P ' P 2 ~ 2
P ox i co X Oy (3 .4)
The corresponding momentum balance equation in the y-direction is given below:
ev. oV oV  or 1ép 1 & v &V
—+UO—+VA—+WO—+]‘V=A/[_——A£+—21)V31; W = 5
ot Ox oy z Y péy kB Voo ox” Oy 3.5)

The transport equation, which consists of suspended sediment transport, is governed by the

advection-diffusion equation, and is given below:

Transient Term Horizontal Advection Term  Vertical Advection term

a[hc] . 8[1?U0]+6[]1Vc] ﬁ[wc]

ot ox o oc

Horizontal Diffusion Term Vertical Diffusion Term

-~ -~ Source or Sink of Material
{g[gﬂ ).2(n, g]};g@ &S
O o7 g e)
i x) Oy iy i (3.5)

C concentration of material (in this case suspended sediment)

Dy horizontal eddy diffusivity
Dy vertical eddy diffusivity
h depth

3.8.2 Delft3D-Wave governing equations
The Delft-3D-WAVE module employs the third-generation spectrum model of SWAN

(Simulating WAves Nearshore).

In SWAN, the evolution of the wave spectrum is described by the spectral action balance
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equation, which for Cartesian coordinates is

d d 3] a 7 S

The first term on the left-hand side of this equation represents the local rate of change of action
Density in time, whereas the second and third terms, represent the propagation of action in

geographical space (with propagation velocities ¢, and ¢, in x- and y-space, respectively).

3.8.3 Model descriptions and scenarios

In this numerical simulation, the computational domain (shown in Figure 3.9) was
discretised with dx = 30m and dy = 30m on a horizontal plane. The total numerical domain size
was 364 x 146 for the flow model and 469 x 145 for the wave model. The water depth was
divided into five layers, where each layer had a 20% thickness of water depth. The
computational time step was set as dt = 12 sec. This study applied a uniform sediment size of
dso= 0.4mm (Lie et al., 2016).

Furthermore, this study set four scenarios regarding the current configuration of structures
and seasonal changes in wave direction. The scenario M001 has no groins or jetty in the
numerical domain; MO11 has three groins of their current length and no jetty in the port; M021
has three groins of their final designed length and no jetty, and M031 has a 300-m jetty in
Miyazaki Port under the scenario MO11.

Figure 3.9 Model scenarios
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Table 3.3 Model scenarios

] Gentle wave H15=0.92m, T15=6.64s Rough wave
Scenarios
His=1.45m, T15=7.54s
MO001 A 0,=70.72° AD 640 =102.10°
MO11 B O=78.58° BE Opr=113.45°
MO021
C 0c=86.44° CF Ocr=124.79°
MO031

For each scenario, this study evaluated the effect of structures on changes in topography
by changing the wave condition. The gentle wave condition was exerted on the initial
topography for eight months first. Subsequently, the rough-wave condition was exerted for 4
months on the results of the gentle wave condition. Furthermore, Table 3.3 shows the model
scenarios for gentle and rough wave condition.

Figure 3.11 presents the domain model configuration for each scenario, such as mention
above. Because of the grid interval dx=dy=30m in the flow domain, then the structures set to
the nearest length. For example, for groin with the length 75m, in this model assumed in 3 grids

that equal to 90m.
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3.8.4 Calibration

First, calibration processes were conducted by checking the tide difference between the
observed data and the results of the running model. Second, the calibration of the morphology
model was conducted by calculating the volume change of water depth, obtaining the
appropriate parameter value.

Figure 3.12 plots the computed results of the water level from the model output compared
with the observed water levels. These results seem good with an R? 0f0.9788.

Obtaining the appropriate value for each parameter in the morphological model was
difficult. This was because the Miyazaki Coast is a barred coast, which means the longshore
sandbar has a certain lifetime.

Delft3D provides two types of morphological model, namely the regular model and roller
model. This study used the regular model because it requires a longer time to obtain the value
of the parameter, which represents the adjacent bathymetry during the gentle and rough-wave
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Figure 3.13 Computed results for beach profiles at cross-section No. -60

44



Figure 3.13 presents an example of the computed result at MOO1_ BE in cross-section No.
-60, which is at the northern side of Groin 1. Line 201412, water depth data that were taken in
December 2014, was the initial profile of computation, and M001 BE was the profile 12
months after the initial line. The computed profile can be seen to follow measured profile

201512 well.

3.8.5 Model setup
Table 3.4 presents the model setup. The tidal change was applied to the eastern boundary of
the numerical domain. Furthermore, the Neumann boundary condition was applied to the

northern and southern boundaries.

Table 3.4 Model setup for some parameters

Parameter Set-up model

dso 0.4 mm (Lie et al., 2016)
Dt 12 seconds

Grid size dx=dy=30m

Domain size 364x146 (flow model), 469x145 (wave model)
Morphological 40 (8 month for gentle wave computation) and 20 (4 months for rough

scale factor wave computation)
Morphological Sus =0.2, Bed = 1, Susw= 0.2 and Bedw=0.2
parameters

3.9 Results and Discussions

Bodge and Dean (1987) indicated that the critical variable in sediment movement is the
surf zone width, which assumes sediment is mobilised in proportion to the local rate of wave
energy dissipation and is transported alongshore by the local wave-induced current. CEM
(2008) explained that a groin stops the amount of normal longshore sediment transport and
deposits it in a fillet upstream of the groin (the side from which the sediment originates). The
following subsections discuss the topography changes around the groin system, effect of groin

length, influence of wave direction, and effectiveness of the jetty at Miyazaki Port.

3.9.1 Topography change around groin system

Figure 3.14(a) illustrates the topography change in each scenario after the gentle wave
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Figure 3.14 Topography change on scenarios no structure in Miyazaki Coast (M001),

current groin system (MO11), and full-design groin system (M021)

condition was exerted for 8 months. Furthermore, Figure 3.14(b) illustrates the topography

change in each scenario after the rough-wave condition was exerted for 4 months on the results
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of the gentle wave condition. The performance of the groin system was related to the ratio of
groin length to width of the breaker zone in each wave condition. The current groins in MO11
cover a small portion of the breaker zone relative to their length. In the case of the final designed
length in M021, longer groins (Groin 2 and Groin 3) have the same order of width of the breaker
zone.

In Figure 3.14(a), a straight bar can be seen along the Miyazaki Coast in gentle wave
condition in M0O1_B, where no groins are on the coast. In current groin system (MO11_B) and
full-design groin system (M021_B), there are some sedimentation areas on the northern side of
each groin, although each has a similar pattern.

In the rough wave condition that shown in Figure 3.14(b), a straight bar was observed to
be broken in no structure scenario (M001 BE), and the longshore sandbar migration occurred
in some specific areas. Furthermore, in the case of current groin system (MO11_BE) and full-
design (M021_ BE), some sedimentation areas were formed on the southern side of each groin

because of changes in the offshore wave direction from the gentle to rough-wave condition.

3.9.2 Effect of groin length on sediment transport
Figure 3.15 reveals the difference in topography changes between M001 and MO11, and
Figure 3.16 presents the residual flow patterns in scenario MO11. As shown in Figure 3.16(a),

the residual flow to the south was generated in a shallow water area under the gentle wave
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Figure 3.15 Difference in topography changes between current groin system (MO11) and
no structure (M001)
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condition. Because of this flow character, some sedimentation areas were formed upstream of
the longshore sediment transport on each groin, as shown in Figure 3.15(a).

In addition, the residual flow direction changed from southward to northward) under the
rough-wave condition, as shown in Figure 3.16(b). The flow velocity became faster than that
under the gentle wave condition. According to the changes in these flow configurations,
sedimentation areas were formed on the southern side of each groin, as shown in Figure 3.15(b).

These sedimentation areas were more significant than those in Figure 3.15(a), and the
erosion area seen below the sedimentation area increased. This means that the sediment moves
southward and northward periodically depending on seasonal changes in the offshore wave
direction.

Figure 3.17 shows the difference in topography changes between no structure (M001) and
full-design groin system (M021), and Figure 3.18 also shows the residual flow pattern on full-
design (M021), where three groins have the final designed length.

In the result of gentle wave condition shown in Figure 3.17(a), the sedimentation areas
were formed on the upstream side of the longshore sediment transport on each groin. Their

patterns were similar to those in Figure 3.15(a) because the residual flow pattern in the gentle
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Figure 3.18 Residual flow pattern on full-design groin system (M021)
wave condition in Figure 3.18(a) was very similar to the result in Figure 3.15(a).

Figure 3.16(b) also shows the difference in rough wave condition between no structure
(M001_BE) and full-design groin system (M021 BE). The pattern of both sedimentation and
erosion was similar to Figure 3.14(b), but some typical differences were seen around Groin 2
and Groin 3. In Figure 3.14(b), the sedimentation area at the tip of Groin 2 spread to
downstream after the exertion of the rough wave condition. It occurred due to the interaction
between the tip of the groin that induce the cross-shore current seaward, as shown in Figure
3.15(b).

On the other hand, as shown in Figure 3.17(b), the wider sedimentation area has remained
to the shorter groin length, and the residual flow was passing at the tip of the groin parallel on

the southern side of Groin 2, and some slight sedimentation areas can be seen on the opposite
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side. These sedimentation areas can also be seen around Groin 3. This accumulation of sediment

reorients the shoreline and reduces the angle between the shoreline and the prevailing incident

wave direction. The reorientation reduces the local rate of longshore sand transport to produce

accumulation and redistribution of sand upstream of the groin. The amount of sand transported

past the groin is greatly reduced to significantly impact the downdrift area. This means that the

extended groins keep a volume of sediment between Groin 2 and Groin 3 better than the current

groins, though the extended groins tended to generate some specific residual flow patterns such

as a flow to offshore along Groin 2 and Groin 3 in rough wave condition. The effect of these

specific flows on topography changes should be discussed by conducting simulations over a

more extended period.

3.9.3 Influence of wave direction on topography change
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Figure 3.19(a) and Figure 3.19(b) show the difference of topography change between
MO11 and M001 when the offshore wave directions are © =70.72° in the gentle wave condition
and 6 =102.10° in the rough wave condition. These are the northerly wave direction compared
to the representative wave directions as noted B and E. Figure 3.19(c) and Figure 3.19(d) also
show the difference of topography change when the off-shore wave directions are 0 =86.44° in
the gentle wave condition and 6=124.79° in the rough wave condition. These are the southerly
wave direction compared to the representative wave directions.

A comparison of Figure 3.15(a), Figure 3.19(a) and Figure 3.19(c) show that there is no
significant difference in the size of the sedimentation area formed on the upstream side of each
groin. It means that the influence of the offshore wave direction on topography change, about
20% angle deviation, is not significant in the gentle wave condition.

On the other hand, a large difference can be seen in the comparison of Figure 3.15(b),
Figure 3.19(b) and Figure 3.19(d) where those are the results in the rough wave condition. In
Figure 3.19(b), there is no significant sedimentation area around the groins, and some slight
deposited areas are found between each groin. It caused due to the offshore wave direction that
is almost perpendicular to the coastline.

In Figure 3.19(d), a strong sedimentation tendency can be observed on the southern side
of Groin 2 and Groin 3, and the sedimentation areas spread further on the opposite side of each
groin. The sedimentation tendency becomes stronger as the wave angle becomes smaller

concerning the coastline.

3.9.4 Effect of the current groin and jetty on topography changes in the Miyazaki Port
area

Figure 3.20(a) presents the differences in topography changes in gentle wave condition
between current groin system (MO11 B) and no structure (M001_ B). In that figure, some
detached breakwaters are visible on the northern end of the artificial beach. Several erosion
areas are formed around the detached breakwaters, which this study presumed to be the effect
of the groins installed on the existing location in the Miyazaki Coast. This means that the
amount of sediment trapped in the current groin system and reduced the longshore transport to
southward.

Figure 3.20(b) presents the differences in topography changes in gentle wave condition
between the combination of current groin system and jetty (M031 B) and current groin system

(MO11_B). Due to the jetty construction, amount of sediment trapped in the upstream of this
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Figure 3.20 Effect of jetty on topography change
structure. Moreover, slight shallower water depth occurred in inside of the artificial beach area

and near the Marina channel. It seems that the length of jetty is still insufficient to control the
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sediment transport. It is important to consider the depth of closure in jetty design.

Figure 3.20(c) presents the differences in topography changes in rough wave condition
between no structure (M001 BE) and current groin system (MO11 BE). Several erosion areas
are formed around the detached breakwaters, which this study presumed to be the effect of the
groins installed along the coast.

Figure 3.20(d) also presents the differences in topography changes in rough wave condition
between current groin system (M011 BE) and combination of current groin system and jetty
(M031 _BE), and a jetty is visible beside the artificial beach. Compared with the results in
Figure 3.20(a), this study observed that the jetty slightly mitigates the sedimentation that occurs
along the artificial beach.

3.10 Summary

This study evaluated the performance of the groin system and the jetty being applied on
Miyazaki Coast. Numerical results showed that the sediment moves southward and northward
between each groin depending on the seasonal change of offshore wave direction. A
sedimentation tendency around the groins can be seen stronger in the rough wave condition
than that in the gentle wave condition.

The influence of groin length on the topography change was significant in the rough wave
condition. Some typical influences were observed around Groin 2 and Groin 3. Some volume
of sediment passed over the Groin 2 due to its shorter length. On the other hand, the extended
groins remained some wider sedimentation areas between them, though they tended to generate
some specific residual flow around them. The effect of these specific flows on topography
changes should be discussed by conducting simulations over a more extended period.

The influence of the offshore wave direction on the topography change was observed in the
rough wave condition. Smaller incident wave angle with respect to the coastline tended to bring
stronger sedimentation around the groins. The jetty slightly mitigates the sedimentation
occurred inside of the artificial beach.

The combination of current groin system and jetty in Miyazaki Port have a small effect on

sediment transport to Miyazaki Port.
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Chapter 4 The Combination of the Groin System and Beach Nourishment

4.1 Introduction

The influence of coastal structures along a coastline, such as a groin system, usually affects
the new equilibrium condition. Several years can be required for a new equilibrium to be
established if sand must be supplied by natural longshore sand transport only. This impact can
be avoided or mitigated by including beach nourishment as part of the project. Thus, beach
nourishment, one of soft engineering, encourages earlier sand bypassing and reduces
downstream erosion. This study aimed to evaluate the performance of the combination of the

groin system and beach nourishment along the eroded coast.

4.2 The Concept of Combination of Groin System and Beach Nourishment
4.2.1 Combination of beach nourishment and groin system

Dean (2003) defined beach nourishment as a beach filled with a certain amount of high-
quality sediment within the nearshore system. It is commonly used to overcome shoreline
retreat. Beach nourishment is not a new concept; the first documented beach project in the
United States was at Coney Island, New York, from 1922 to 1923 (Farley, 1923, in Dean,
2004). Its success depends on the design criteria being respected. Some instances of failure of
this countermeasure were caused by the inappropriate application of technology (Dean, 2004).
An understanding of wave forces and coastal processes is required.

Beach nourishment, along with widening of the beach, is used for several purposes, such
as constructing additional recreational zones; offering storm protection by reducing wave
energy nearshore and providing sand to be eroded during the storm season; and in some cases
providing environmental habitats for endangered species (Board, 1995).

In the assessment beach nourishment performance, Board (1995) identified the following
primary uncertainties:

- The actual severity and frequency of storms compared with design assumptions; this
requires long-term climate data for a decade (or several decades) especially related to
storm events.

- Variability in erosion for a given storm climate.
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- The continuing availability and quality of sediment sources; this is related to the sources
and quality of sediment available for the project, for reasons including environmental
considerations, limitations of available volume, and changes in public policies or
priorities.

- Stability of public policies and priorities related to funding for the project.

Two dominant processes exist for the design and performance of most beach nourishment
projects. They are cross-shore profile equilibration and the lateral spreading of fill material to
adjacent beaches (Dean, 2002), as shown in Figure 4.1(a). Both processes occur

simultaneously soon after the nourishment is placed. Other processes may account for sediment
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lost from an active beach system. Figure 4.1(b) illustrates the estimation of results for beach
nourishment projects.

Beach nourishment requires regular maintenance to maintain the volume of sediment,
especially in the early years of construction. Therefore, such a project’s performance can be
improved by combining it with a hard structure, such as a groin system.

In modern coastal engineering, combining beach nourishment with groin construction aims
to permit sand to bypass the groin system immediately (CEM, 2006). Figure 4.2 illustrates the

combined mechanism with a permeable groin in the middle of the system.

4.2.2 Combined concept of beach nourishment with a groin system on Miyazaki Coast

In the previous model in Chapter 3, the groin system in both its current condition and the
full design were discussed. Bodge and Dean (1987) revealed that the critical variable in
sediment movement is surf zone width. The effect of the groin system in its current condition
was not optimal because of the lengths of the structures were far from the surf zone. The full
design of the groin system could interrupt the longshore sediment up to the surf zone; however,
these structures caused a large jet current to offshore, especially under rough-wave conditions.
This occurred because of the length of the groins. When wave diffraction occurs at the tip of a
groin, this will trigger a high cross-shore current. Nevertheless, extending the length of the
groin system along the Miyazaki Coast is difficult because of a lack of a local consensus.

To optimise the current groin system, combining it with beach nourishment is one solution.
Figure 4.3 illustrates the concept of nourishment, which fills in the compartment of the current
groin system. This method aims to accelerate the equilibrium condition in that compartment.

This method aims to accelerate the equilibrium condition in that compartment. Furthermore,

Waves (H.T,6) Waves (H,T,0)
% % By passing
By oy
passing P T y Les
Nousished Nourishe
e L, Nourished
Lss
/Lc, ’/lc, Origin
! Origin ' shoreline
Xs1 Xeo shoreline Xey Xe2
(a) Current groin system (b) Full-design groin system

Figure 4.3 The illustration of mechanism on the combination of groin system and beach
nourishment
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Table 4.1 Scenarios of beach nourishment

Code Configuration

(a) | M111=M121 Beach fill between groin 2 and groin 3 (the wide of
nourishment is 60m = the length groin 1).

(b) | M112=M122 Beach fill between groin 1 to groin 3 (the wide of
nourishment is 60m = the length groin 1).

(c) | M211=M221 Beach fill between groin 1 to groin 2 (the wide of
nourishment is 90m = the length groin 3).

(d) | M212=M222 Beach fill between groin 1 to groin 2 (the wide of
nourishment is gradually widened from 60 in groin 1 to
150m in groin 2).

(e) | M223 Beach fill between groin 1 to groin 3 (the wide of
nourishment is gradually widened from 60 in groin 1 to
150m in groin 2 and 150m from groin 2 to groin 3)

(2) M111 and M121

(b) M112 and M122

{2

(d) M212 and M222

. 1=

e
iy 760 m Groin 2
e e R e e

() M223

Figure 4.4 The beach nourishment plan

beach fill will encourage earlier sand bypassing of the project and reduces downstream erosion,
whereas wave dissipation will occur in front of the nourishment area. Thus, wave energy around

the groin system will be decreased. This condition will affect the rate of longshore transported
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sediment flowing to the south or into Miyazaki Port. Figure 4.4 presents the beach nourishment
plan, where a dashed line represents the full design of the groin system. In Figure 4.4 (a) waves
can be observed to break between Groins 1 and 2 just in front of the shoreline. Although this
location is already protected by a gentle revetment, the accumulation of wave energy affects
the cross-shore current and longshore current, carrying the sediment offshore or along the coast.
This causes sediment to fail to be deposited upstream of the groin system.

Table 4.1 presents scenarios of beach nourishment applied to the groin system. The water
depth used in this model was based on the mean sea level (MSL). The tidal range of the
Miyazaki Coast, approximately 2.4 m, was considered. Each scenario was defined based on the
beach fill location. For example, M111 is the scenario for the current groin system, where the
beach fill material was applied between Groin 2 and Groin 3, with the width of the nourishment
being 60 m, equal to the length of Groin 1. M121 is the scenario for the full designed groin
system with the same condition as M111 except that only the length of the groin system is
changed.

Figure 4.5 depicts the cross-shore profile of beach nourishment. The gradient is
approximately 0.16 or n = 6 for beach nourishment, where the width = 60 m and n = 5.55 for a

width of 90 m.
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Figure 4.5 Example of cross-shore profile of beach nourishment

4.3 Numerical Modelling Using Delft3D
4.3.1 Model description
For each scenario, this study evaluated the effect of the combined mechanism on

topography changes by changing the wave condition. The wave condition was the same as the
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Table 4.2 Scenarios set in this study

Scenarios Gentle wave H13=0.92m, Rough wave
T1/3=6.64s Hi5=1.45m, T13=7.54s
Ml111
MI121
M112 B 678580 | BE 0=113.450
M122

Table 4.3 The initial volume of beach nourishment

Scenarios Initial Volume (m')
MI11=MI21 133.907
M112=M122 326977
M211=M221 296,159
M212=M222 419,339
M223 1,054,485

previous model in Chapter 3, particularly for the B and BE scenarios. First, the gentle wave
condition was exerted on the initial topography for eight months. Next, the rough-wave
condition was exerted on the results of the gentle wave condition for four months. The model
configuration consisted of two models, namely the groin system in its current condition and the
full design. Table 4.2 shows the scenario that uses in this study.

Table 4.3 lists the initial volumes of beach nourishment, which were calculated based on
the elevation of each width in each compartment of the groin system. In this model, this study

only focused on the groin system area, although all full numerical domains were simulated.

4.3.2 Set-up model and parameter
Table 4.4 presents the model setup and parameters for the combined mechanism model.
The parameters used in this simulation were the same as those in the groin system simulation

in Chapter 3.

Table 4.4 Set-up model and parameter

Parameter Model setup

Wave Hs=0.92m, Ts = 6.64 s, 0= 78.58° (gentle wave)
Hs=1.45m, Ts =7.54 s, 0= 113.45° (rough wave)

dso 0.4 mm (Lie et al., 2016)

dt 48 sec

Grid size dx=dy=30m

Domain size 364 x 146 (flow model), 469 x 145 (wave model)

Morphological 40 (8 months for gentle wave computation) and 20 (4 months for rough wave

scale factor computation)

Morphological Sus =0.2, Bed =1, Susw= 0.2 and Bedw= 0.2

parameters
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4.4 Results and Discussions

The results of one year in gentle wave condition and rough wave condition discussed in
this subchapter. Although these simulation results show the early change of topography and
residual flow pattern, it is important to understand the initial process of beach nourishment,

particularly in the first-year project.

4.4.1 Topography changes and residual flow pattern
Figure 4.6 presents the result of the model in scenario M111 after the gentle wave
condition (M111_B) had been exerted for eight months before continuing to the rough-wave

condition (M111_BE) for four months on the results.
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Figure 4.6 The result of model in M111
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Figure 4.7 depicts the topography changes relative to the initial condition of the model
(M111 _ini). Under the gentle wave condition (M111_B), as shown in Figure 4.7(a), the
sediment from upstream passed Groin 1 and filled the compartment between Groins 1 and 2.
Here, the amount of sediment from upstream passed and was trapped. In the compartment
between Groin 2 and Groin 3, the topography change was small because of waves dissipating
in front of the nourished area. Low energy can reduce the longshore sediment transported
southward, which affects downstream of Groin 3. Because Groin 3’s downstream area has a
gentle slope revetment and detached breakwaters for coastal protection, no significant erosion
occurred there.

Under the rough-wave condition (M111_BE), as shown in Figure 4.7(b), the longshore
current flowed from south to north. Wave diffraction occurred at the tip of Groin 3 and passed
through the nourished area. The nourishment encouraged sediment to bypass to the next
compartment. The beach nourishment performance for the year seemed to have good results
adjacent to the coastline, especially for the north end of the Miyazaki Coast.

Figure 4.8 illustrates the residual flow in the current groin system. Under the gentle wave
condition (M111_B), as shown in Figure 4.8(a), the velocity exhibited a decreasing tendency

after entering the compartment between Groin 2 and Groin 3. However, under the rough-wave
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Figure 4.9 Residual flow in M111
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condition (M111_BE), as shown in Figure 4.8(b), the depth-average velocity dominant in a
northward direction had a larger magnitude than under the gentle wave condition; furthermore,
a rip current occurred in some locations, especially at Groin 1 and Groin 3.

Figure 4.9 illustrates the topography changes in the full-design of the groin system. Under

gentle waves (M121 B), the same as for the current groin system, the beach nourishment
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remains. This is related to the slower velocity flow through that area, as shown in Figure 4.10(a).
Under rough-waves (M121 BE), when the cross-shore current was more dominant than the
longshore current, the sediment was transported seaward. This condition affects the longshore

sandbar. The interaction between the velocity and Groin 3 caused a larger rip current than in

31.9800} 31.980°%
N
319750} 31.975% A
‘&b
< 31.970°L 31 9700 25 3
B 2 2
= o)
£ 31.965°} 31.965% 15 g
- 1 5
0.5 £
31.960° | 31.9600 S
o ¥
5
31.955% | 31.9550 05 =
-1
0 i i
31.950° . . 31.950 o
131.470° 131.4807 131.490° 131.470° 131.480 131.4900
Longitude (deg)
(a) Gentle wave =M112 B-M112 ini (b) Rough wave = M112BE-M112_ini
Figure 4.11 Topography changes in M112 (current groin system)
31.9800 | 31.9800| .
L] |
IJJ'IJIJ:“‘ A
31.9759 + oy il 31.9750 |
by
— S 0.5 @
I
& 319700 B ¥ 31.970° - 04 2
- RN 03 &
g ENETY 0.2 £
p= ol RN L 15
£ 31.965 SRRy 31.965° 0.1
[ 14 il I " o
- ‘f ‘l :l;r g 0 =
iy .
31.9600 | Y 31.9600 - 01 ¥
/f L BV e -0.2 |
! f.‘ll:f H -0.3 Tg
31.9550 NI TN/ 31.9550 048
sl 058
31.9500 : : 31.9500 . ,
131.4700 131.480°  131.490° 131.470° 131.4809  131.490°
Longitude (deg)
(a)M112 B (b) M112 BE

Figure 4.12 Residual flow in M112

64



scenario M111_BE (the current groin system), which transported the sediment seaward, as
shown in Figure 4.10(b).
Figures 4.11 and 4.13 show the topography changes in M112 and M121, respectively. Both

scenarios have the same pattern under the gentle wave condition, with the same amount of
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sediment deposited in front of the nourishment area. Under the rough-wave condition, when the
sediment moves northward, the coast protected by the nourishment seems stable, and the
sediment nourishes the adjacent coast.

Figure 4.12 depicts the residual flow in M112; under both gentle and rough-wave conditions,
the velocity was slower than in M112. However, in M122 under the rough wave condition, a
rip current near Groin 3 still occurred (Figure 4.14) because of the interaction between the
current velocity and groin length.

Between the two scenarios combining beach nourishment with a groin system, both single
and double compartments provide the same results. Figure 4.15(a) and (b) show that no
significant difference existed between the full design and current groin systems; even erosion

occurred at the tip of the full-design Groin. The same condition as also shown in Figure 4.16(a)
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Figure 4.15 The difference of topography changes for M121 and M111
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and (b), where erosion occurred more severely when the full-design groin in this scenario was
applied to the Miyazaki Coast.

A compartment or double compartment give the same result. Figure 4.15(a) and Figure
4.15(b) show the difference between full design groin and the current groin system. There is no
significant difference; even erosion occurred at the tip of full design groin. The same condition
also shows in Figure 4.16(a) and Figure 4.16(b), where erosion occurred more severe if the

full design groin with this scenario applies in Miyazaki Coast.
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Figure 4.17 The Residual flow in M211

Figure 4.17 shows the residual flow in M211. In Figure 4.17(a), the longshore current in
the compartment between Groins 1 and 2 seem weakened when flowing through that location.
The formation of beach nourishment can reduce the flow velocity magnitude, although it is not
too significant when compared with Figure 4.18(a). However, the rip current seaward still
occurred in the compartment between Groins 2 and 3, caused by the interaction of current flow
and the groin tips. The full-design groin, shown in Figure 4.18(b), generated a greater rip
current than the current groin system, as shown in Figure 4.17(b).

Figure 4.17(a) and Figure 4.19(a) reveal a small difference in residual flow. The extension
of beach nourishment seems to affect the decreasing magnitude of longshore current
downstream of Groin 3. This pattern was also observed under the rough-wave condition, as

shown in Figure 4.19, where M212BE had superior performance to M211(b) in Figure 4.17.
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Figure 4.18 The Residual flow in M221

Furthermore, regarding the full design of the groin system, Figure 4.20 has the same
pattern as Figure 4.18. This means that although the beach nourishment was extended from 90
m to 150 m, the rip current still occurred because of the tips of Groin 2 and Groin 3.

Among all scenarios, M223 (Figure 4.21) showed the most significant results in terms of
longshore current control. The magnitude of longshore current decreased in the compartment
both under gentle and rough-wave conditions. Moreover, the rip current caused by the length
of Groin 3 remained.

Figure 4.22 illustrates the difference in topography changes between M221 and M211.
Figure 4.22(a) shows no significant difference in bed level change. By contrast, under a rough-
wave condition (Figure 4.22(b)), the high wave energy affected the interaction between the
groin system and sediment transport, which means the magnitude of current flow was more

extensive than under the gentle wave condition.
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Figure 4.20 The Residual flow in M222
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Figure 4.23 depicts the difference in topography changes between nourishment scenarios
M233 (in the compartment between Groin 1 and Groin 3) and M122. The performance of
gradually widened nourishment was more effective than that of flat nourishment with a width
of 90 m, especially under the rough-wave condition, as shown in Figure 4.23(b). Scenario
M223 can trap sediment and deposit it in front of both compartments, meaning that M233 can
reduce the depth-averaged velocity through this area and control the longshore sediment
transported northward.

Figure 4.24 illustrates the difference in topography changes between M223 and M222.
Under the gentle wave condition, shown in Figure 4.24(a), M222 filled the compartment
between Groin 2 and Groin 3 and deposited the sediment higher than the initial M223. Under
the rough-wave condition, shown in Figure 4.24(b), the sediment from the south side of the
groin system was trapped in the compartment between Groin 2 and Groin 3. M222 caused a
significant amount of sediment to be deposited in this compartment, and M223 deposited

sediment in front of the nourished area. In M223, the sediment passed Groin 2 and Groin 1
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slightly. Therefore, this condition is effective for maintaining the area downstream of Groin 1,

which is a natural beach.

4.4.2 Remained sand volume in the nourished area

This analysis aims to understand the performance of groin system to maintain the beach

nourishment that calculated based on the initial nourishment as shown in Tabel 4.3.
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condition at all compartment in the nourished area and compartment between Groin 1 and Groin
2, respectively. The positive value of changes means deposition occurred in the nourished area.
On the contrary, the negative value of changes means erosion or sediment spread to adjacent
coast. From Figure 4.25, the scenario M221 has a small percentage of sediment changes.
However, Figure 4.18 shows that this configuration will trigger rip current in the rough wave
condition. Similar results are also found in the M211 scenario, as shown in Figure 4.18. In
scenario M223, although the difference in gentle and rough wave condition is 1.91%, this
configuration can reduce the rip current.

Figure 4.26 presents the sand volume changes at compartment 2 that placed between Groin
2 and Groin 3. There is better performance in nourishment that employed at both compartments.
The sand losses are smaller than in a single compartment.

Figure 4.27 depicts the sand volume changes in the nourished area at all compartments.
Overall, it is difficult to understand the sand volume changes for each scenario based on the
one-year only. It needs a more extended period of morphological simulation to understand the

effectiveness of each scenario.

4.4.3 Sand volume changes from shoreline to a certain depth
Sand volume changes were calculated based on the difference in results of the model under
the gentle wave condition and the initial bed level in the field data. This result represents the

sand volume changes after eight months in a gentle season. Furthermore, using the same method,
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Figure 4.29 Boundaries of sand volume calculation
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the difference in results between the model and field data represent the sand volume changes in
one year. This volume was calculated from upstream of Groin 1 to downstream of Groin 3, as
shown in Figure 4.28. It assumed that from the shoreline to elevation -6m is the area around
the groin system. Then, from the shoreline to elevation -9.5m is assumed as the longshore
sandbar migration before the depth of closure.

Figure 4.29 shows the sand volume changes under the current groin system from the
shoreline to an elevation of =6 m. The sand volume results were compared to MO11 for the
current groin system and MO021 for the full-design groin system. Under the gentle wave
condition, as shown in Figure 4.29(a), all scenarios have the same pattern as MO11_B. In Areas
A, B, and C, certain amounts of sand were trapped and erosion occurred in Area D because of
a lack of sand from the north side of this area. In Areas B and C, M112_ B had greater sand
trapping than did other scenarios. This means that a low longshore current occurred in this area
under this scenario, which affected sand deposition. Figure 4.11(a) and Figure 4.11(a) are an
example of this phenomena.

Figure 4.29(b) presents the performance under rough-wave conditions, wherein all
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scenarios in the current groin system, amounts of sand were trapped in Area D, which reduced
gradually from Areas C to A. For example, as shown in Figures 4.11(b) and 4.12(b), M112BE
passed sand to the north area, which means that this scenario can maintain the adjacent area.
Small changes mean that the beach nourishment and groin system combination can maintain
the sand in each compartment.

Figure 4.30 depicts sand volume changes in the full-design groin system from the shoreline
to an elevation of —6 m. Both gentle and rough-wave conditions had the same pattern in all
scenarios, and all scenarios almost had the same pattern as well as superior performance to
MO21. The results of M121 and M 122 were not significantly different because the ratio of groin
length and nourished area width was small. This condition had a small effect on the speed of
the longshore current near the groin system. M223 exhibited the optimal results in terms of
maintaining sand from the shoreline to an elevation of —6 m under both gentle and rough-wave
conditions.

Figure 4.31 shows the sand volume changes under the current groin system from the
shoreline to an elevation of —9.5 m. Under a gentle wave condition, as shown in Figure 4.31(a),

no significant differences existed among all scenarios. However, under the rough-wave
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condition, as shown in Figure 4.31(b), the amount of sand between —6 m and —9.5m dispersed
outward from all areas because of a large undertow that transported it seaward.

Figure 4.32 shows the sand volume in the full-design scenario up to an elevation of —9.5
m, which has the same pattern as Figure 4.31. However, the difference in each scenario was no
significant because the simulation only considers 1 year. Therefore, an extended simulation

period is required to obtain the effective effect of each combination.

4.4.4 Effect of the groin system on the coastal restoration

Figure 4.25 to Figure 4.27 illustrate the performance of the groin system to maintain the
nourished area. Furthermore, Figure 4.29 and Figure 4.30 present the performance of groin
system in the adjacent area up to elevation -6m.

M221 have the smallest sediment change both in gentle and rough wave condition, because
Groin 2, which the length is about 150m, can maintain the sediment remain in this compartment.
In gentle wave season, this configuration triggered 26.67% of sediment to enter the
compartment between Groin 2 and Groin 3 better than M211, as shown in Figure 4.22(a).
Furthermore, the same result also appeared clearly in rough wave condition, which M221 was
about 8.78% better than M211, as shown in Figure 4.22(b) when the amount of sediment
trapped in the south side of Groin 2. However, there is a potential rip current that remains to
occur in the middle of the compartment between Groin 2 and Groin 3. In the first year of
nourishment, this effect only produces small sediment losses, but in the future when the
sediment trapped in this compartment has increased, the longshore transport from south to north
in rough wave condition will be disturbed.

Although the sediment losses in M223 (Figure 4.26 and Figure 4.27) is slightly larger
than M221, this configuration has a better performance to reduce the rip current in the rough

wave condition, as shown in Figure 4.21.
From Figure 4.28, the current groin system without beach nourishment (M011) has low

performance in terms of controlling the longshore sediment transport, which flows southward
under gentle wave conditions. The largest value in Area D means that sand flowing southward
has a decreasing tendency. In the current groin system, Groins 1 and 2 have almost the same
length in the field, 50 m and 42 m, respectively; in this simulation, these structures had the same
length (60 m) because of the grid size. Moreover, the distance is approximately 760 m between
Groins 1 and 2 and 800 m between Groins 2 and 3. However, the length and distance of the
groin system influence the effectiveness of sand transport along the groins. In this case, because
the length to distance ratio of the current groin system is small, the combined mechanism of

beach nourishment and groin system did not provide a significant result for coastal restoration.
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In the full-design groin system, without beach nourishment (M021) and with the combined
mechanism have slightly different results. The widened groin system can be observed clearly.
The full-design length of Groin 1 is 50 m, Groin 2 is 150 m, and Groin 3 is 300 m. During the
gentle wave season, when longshore sediment is transported from the north, the sand is trapped
upstream of Groin 1 and each compartment. By contrast, during the rough-wave season, when
the longshore sediment is transported south to north, the sand is trapped upstream of Groin 3.
Therefore, the combined mechanism can reduce the occurrence of rip currents, as shown in
Figure 4.21(b).

During the one-year simulation period, the beach nourishment employed in both
compartments combined with the current groin system had better performance under both wave
conditions than without nourishment. However, if the problem related to the local consensus
can be solved, then combining beach nourishment with the full-design groin system will achieve

even better results.

4.4.5 Nourishment effect

Groin system area is a transition area from the natural beach in the north side and protected
coast in the south side, which located in Zone-3 as mention in sub-chapter 3.2. The sediment-
transport pathways in this zone are up to 500m from the shoreline.

Furthermore, Figures 4.30 to 4.31 show nourishment performance. The combination of the
width of beach nourishment and length of the groin system not only affects the shoreline
condition but also the nearshore condition. Different characteristics of sand distribution exist
between the shoreline to an elevation of —6 m, approximately 300 m from the shoreline, as well
as between the shoreline to an elevation —9.5 m, a distance of approximately 500 m.

Longshore sandbar exists along the Miyazaki Coast located approximately 200 to 500 m
from the shoreline. Nourishment work not only nourishes the shoreline but can also nourish the
nearshore zone where the longshore sandbar is located.

Under the rough-wave condition, waves dissipated in front of the nourished area, and it
reduced the rip current. This condition has the benefit of protecting the adjacent beach.

The nourishment conducted in the compartment between Groins 1 and 2 exhibited strong
results compared with the sand being placed between Groins 2 and 3, especially in the gentle
wave season. This configuration not only controls the longshore current but also encourages
the sand to pass Groin 2, becoming trapped in the next compartment. However, optimal results

will only be achieved if all compartments receive sand nourishment, such as in scenario M223.
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4.4.6 Sustainable development in the nourishment project in Miyazaki Coast
Kana et al. (2018) indicate five keys element for sustainable beach nourishment project at
an early stage in each project, such as:

a) Shoreline inventory
It needs a history of coastal erosion studies in the Miyazaki Coast by numerous studies
before developing specific plans for projects. This key should involve the geologic and
geomorphic setting and principal coastal processes operating in the region.

b) Erosion database
Determination of depth of closure (DoC) at a locality is one of the essential parameters for
accurate erosion measurements and nourishment predictions. It needs update and accurate
bottom sounding data encompassing the entire active littoral zone.

c¢) Conceptual geomorphic models.
It needs a geomorphic model of sediment transport pathways to understand the erosion,
sources of sediment, and episodic processes such as inlet bypassing.

d) Target beach condition.
The current beach nourishment combined with sand-pack in the Miyazaki Coast is
employed in the north side of current groin system. It is difficult to hold the sand without
combining this effort with a hard structure. On the other hand, there is a gentle slope
revetment in behind of the current groin system. The residual flow in the gentle wave
condition at the current groin system without nourishment (Figure 3.15(a)) is larger than
with nourishment (for example in Figure 4.19). It means that the nourishment area can
reduce the current flow. The target of nourishment activity in the Miyazaki Coast is to
restore the beach at least 50m seaward while to control the sediment transport in the
upstream of Miyazaki Port. By implementing the concept of sediment keep out (PIANC,
2008 in Davis et al. (2010)), the combination of nourishment and groin system does not
only trigger the sediment to trap in this area but also to provide a space for endangered
animals, such as turtle and sea bird.

e) Identify quality borrow sources.
Although beach nourishment is soft engineering, this activity needs to maintain regularly
with a certain volume of sand and costly. However, so far, the material of beach
nourishment supplied by some location in the near project area include dredging material
from Miyazaki Port and Marina, as sand back passing activity, which the quality of

sediment from these locations is similar to native sediment. Furthermore, if the sediment
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can be trapped in the full-design groin system area successfully, the sediment supply from
Miyazaki Port and Marina area will decrease. It means that the Miyazaki Port and Marina
can solve the sedimentation problem. It needs to consider other methods to provide the

sediment for maintaining the nourished area.

4.5 Summary
This chapter investigated the combination of beach nourishment with a groin system. A

summary of the key results is presented as follows:

1. Numerical results indicated that the velocity became slower when the sand entered the
compartment that contains beach nourishment. This is because the sand absorbs the wave
energy. The topography changes were small during the gentle wave season, including the
amount of sand trapped at the tip of the groins. Under the rough-wave condition, sand
passed the current groin system.

2. The combined mechanism provides excellent performance and safety for the adjacent coast.
It can maintain sand transport, especially under gentle wave conditions when longshore

transport is greater than under rough-wave conditions.
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Chapter 5 Conclusions and Recommendations

5.1 Conclusions
This study investigated the characteristics of the Miyazaki Coast using long-term bottom

sounding data. This chapter presents the main conclusions.
1) Longshore sandbar behaviour before and after beach nourishment

According to the results of sand volume changes before and after beach nourishment, a
certain degree of effect of beach nourishment was observed, which slowed the rate of change;
however, the sand volume remained insufficient. Certain typhoon events significantly affected
longshore sandbar migration. The sandbar scales, such as the height and distance between the
sandbar crest and trough, tended to become larger. Beach nourishment seemed to contribute to
the evolution of the longshore sandbar. In addition, the shoreline recession along the protected
beach seemed small, but the recession continued into the natural beach area. Regarding this
tendency, observing a direct effect of beach nourishment on shoreline evolution was difficult.
The first mode of the EOF analysis revealed the characteristics of erosion and accretion along
the cross-section. Longshore sandbar migration could be a useful indicator for monitoring the
effectiveness of beach nourishment.
2) Evaluating the groin system’s effectiveness for controlling sand transport upstream of

Miyazaki Port

Numerical results demonstrated that sand moves southward and northward between each
groin depending on seasonal changes in offshore wave direction. The sedimentation tendency
around the groins was observed to be stronger under the rough-wave condition than that under
the gentle wave condition. Furthermore, the influence of groin length on topography changes
was significant under the rough-wave condition. A certain volume of sand passed over Groin 2
because of its shorter length. By contrast, the extended groins retained some wider
sedimentation areas between them, although they tended to generate some specific residual flow
around them. The effect of these specific flows on topography changes should be discussed by
conducting simulations over a more extended period. The influence of offshore wave direction
on topography changes was observed under the rough-wave condition. Smaller incident wave
angles relative to the coastline tended to engender stronger sedimentation around the groins.
3) Evaluation of the current groin system combined with the jetty at Miyazaki Port

The jetty slightly mitigates the sedimentation that occurred at the artificial beach.

Furthermore, the combination of the current groin system and jetty had a small effect on sand
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transport at Miyazaki Port.
4) Interactions among beach nourishment, the groin system, and sand transport along the
Miyazaki Coast
Numerical results indicated that the velocity slowed when the sand entered the compartment
containing beach nourishment because the sand absorbs wave energy. The topography changes
were small during the gentle wave season, as was the amount of sand trapped at the tip of the
groin; under the rough-wave condition, the sand passed the current groin system.
The combination of beach nourishment with the current groin system provides better
performance and safety for the adjacent coast than without this combination. It can maintain
sand transport, especially under gentle wave conditions when the longshore transport is more

significant than under rough-wave conditions.

5.2 Recommendations

Based on this study’s key results and conclusions, the following recommendations are provided:

1) Beach nourishment is expensive to maintain. The combination of beach nourishment and
the current groin system has strong performance; however, an in-depth study is required
into the lifetime of beach nourishment related to sand supply. Generally, until now, the sand
supply was from Miyazaki Port and Miyazaki Marina in the form of back-passing after
maintenance or capital dredging was performed in those locations.

2) To obtain a stable beach, a long-term simulation of at least 5 years is required.

3) The Miyazaki Coast is an open coastline that is prone to typhoon events. More detailed
scenarios are required to simulate the beach nourishment effect under typhoon season

condition.
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Appendix A Landing number of typhoons from 1951 to 2018 in Japan

Year Month Total
1(2(3(4|5|6|7 |89 10 11 12 event

1951 1 1 2
1952 1|11 3
1953 1 1 2
1954 1|4 5
1955 1 1 2 4
1956 1 1)1 3
1957 1 1
1958 11172 4
1959 211 1 4
1960 311 4
1961 1 1 1 3
1962 1|4 5
1963 1 1 2
1964 1)1 2
1965 1 212 5
1966 213 5
1967 2 1 3
1968 1|11 3
1969 2 2
1970 1|2 3
1971 1121 4
1972 2 1 3
1973 1 1
1974 1]2 3
1975 2 2
1976 1 1 2
1977 1 1
1978 1 211 4
1979 2 1 3
1980 1 1
1981 1111 3
1982 212 4
1983 1)1 2
1984

1985 1|2 3
1986

1987 1 1
1988 2 2
1989 11211 5
1990 212 1 1 6
1991 1]2 3
1992 3 3
1993 37112 6
1994 111 3
1995 1 1




Year Month Total
12 (3|4|5|6|7 89| 10 11 12 event
1996 1|1 2
1997 211 1 4
1998 3 1 4
1999 2 2
2000
2001 1|1 2
2002 2 1 3
2003 1 1 2
2004 21 11]13]2 2 10
2005 1|11 3
2006 1|1 2
2007 1111 3
2008
2009 1 1
2010 1|1 2
2011 1 2 3
2012 1 1 2
2013 2 2
2014 1|1 2 4
2015 2111 4
2016 4 12 6
2017 1111 1 4
2018 1122 5
Reference

Japan Meteorological Agency. Landing number of typhoons from 1951 to 2018 in Japan.
Retrieved 5 June 2019 from https://www.data.jma.go.jp/fcd/yoho/typhoon/statistics/

landing/landing.html.
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Appendix B Functional properties attributed to groins and critical evaluation

(Kraus et al., 1994).

Property

Comment

1. Wave angle and wave height are leading
parameters (longshore transport)

Accepted. For fixed groin length, these
parameters determine bypassing and the net and
gross longshore transport rates

2. Groin length is a leading parameter for
single groins (Length controls depth at tip of
groin).

Accepted, with groin length defined relative to
surf zone width.

3. Groin length to spacing ratio is a leading
parameter for groin fields.

Accepted. See previous item.

4. Groins should be permeable.

Accepted. Permeable groins allow water and
sand to move alongshore, and reduce rip current
formation and cell circulation.

5. Groins function best on beaches with a
predominant longshore transport direction.

Accepted. Groins acts as rectifiers of transport.
As the ratio of gross to net transport increases,
the retention functioning decreases.

6. The updrift shoreline at a groin seldom
reaches the seaward end of the groin.

(This observation was not found in the
literature review and appears to be original
to the present paper.)

Accepted. Because of sand bypassing, groin
permeability, and reversals in transport, the
updrift shoreline transport processes alone. On-
shore transport is required for the shoreline to
reach a groin tip, for a groin to be buried, or for
a groin compartment to fill naturally.

7. Groin fields should be filled (and/or feeder
beaches emplaced on the downdrift side).

Accepted. Filling promotes bypassing and
mitigates downdrift erosion.

8. Groin fields should be tapered if located
adjacent to an unprotected beach.

Accepted. Tapering decreases the impoundment
and acts as a transition from regions of erosion
to regions of stability.

9. Groin field should be built from the
downdrift to updrift direction.

Accepted, but with the caution that the
construction schedule should be coordinated
with expected changes in seasonal drift
direction.

10. Groins cause impoundment to the farthest
point of the updrift beach and erosion to
the farthest point of the downdrift beach.

Accepted. Filling a groin field does not
guarantee 100% sand bypassing. Sand will be
impounded along the entire updrift reach,
causing erosion downdrift of the groin(s).

11. Groins erode the offshore profile.

Questionable and doubtful. No clear physical
mechanism has been proposed.

12. Groins eroded the beach by rip-current
jetting and sand far offshore.

Questionable. Short groins cannot jet material
far offshore, and permeable groins reduce the
rip-current effect. However, long impermeable
jetties might produce large rips and jet material
beyond the average surfzone width.

13. For beaches with a large predominant wave
direction, groins should be oriented
perpendicular to the breaking wave crests.

Tentatively accepted. Oblique orientation may
reduce rip current generation.

Reference:

Kraus, Nicholas C., Hans Hanson, and Sten H. Blomgren. Modern functional design of groin
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Appendix C. Example for Empirical Orthogonal Function

a) Flowchart of EOF analysis

Gridded cross-shore profile

+—1

v(t) y(x)

\—*_1

Data of each interval y(x.t)

y(x)

EZ= e |«

Distance from the baseline
A= = ! 3
Corrrelation matrix A B [ﬂ!"';] B T, Ny Zl Vil where (1=1=n.); (1<3=n,)
Eigenvalues Ae,= he, where (1<n<n)
- - nr
Eigenfunctions enlt) = z y(x, £)en(x)
n=1
Ty
y(56) = ) en(x)en(®)
n=1
An
Contribution rate, . Rn = Z?fl 1

Figure C.1 The EOF analysis processes
b) Data Processing

Usually, the bathymetry data from field survey consist of a particular grid interval. For
example, in Miyazaki Coast, the bottom sounding survey conducted 15m to 35m grid
interval along with the shoreline to nearshore zone (approximately 400m from the
shoreline). Because the bottom sounding was such dynamics which consist of longshore
sandbar and trough. Furthermore, the survey conducted in 50m grid interval the in the
offshore. Based on that condition, the grid interval 20m was chosen along the cross-section

from the shoreline to a depth of closure.
C-1
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Figure C.3 Input data for time (y(t)) and water depth (y(x))
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Figure C.2 Gridded data sorted by year
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Figure C.1 shows the interpolation process from the original data to gridded data with

interval grid 20m at CS No.-73. The origin bottom sounding data was measured from sand

dune to certain water depth. This calculation is considered about water depth elevation from

the shoreline to a depth of closure only.
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Furthermore, the gridded data were sorted by year, as shown in Figure C.2. In here, |

used water depth data from 100m to 900m from baseline as represent shoreline to a depth

of closure. Then, the data saved in the year column as y(t) and water depth for each grid as

y(x). This process calculated using EOF source code from Tohoku University under the

permission of Dr. Eko Pradjoko.

Figure C.4 shows the example of a mean value of water depth calculation, where the

average value was the result of water depth average. Then, for each water depth was minus

by the average value.

EOF calculation

Figure C.5 shows the compiling data into a matrix. In here, I use matrix 42 (grid of water

depth) x 36(time data). After that, the process continued to calculate the correlation matrix

and some parameters.

DATA OF SHORELINE
1

[
[ R . S, A ST S
[ L A e |

=
fu'e]
[

Figure C.5 Compiling the averaged data to a matrix
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EIGEN VECTOR
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Figure C.6 Result of eigenvector calculation
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Figure C.7 Eigen value result
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Figure C.8 Result of eigenvector in the first mode
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Figure C.7 shows the eigenvalue result that represents the first mode as the dominant factor

along the cross-section No.-73.
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Figure C.8 shows the result of the eigenvector in matrix 42x36 that represent spatial
distribution along the cross-section No.-73 and Figure C.9 shows the plotting of eigenvector

as spatial eigenfunction at the first mode. There was 42 mode as the result of this calculation.

Usually, only first to five modes chose as the dominant mode.

Temporal Eigenfunction
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Figure C.9 Result of temporal eigenfunction in the first mode
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