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1. INTRODUCTION

One of the problems that is often faced is coastal erosion, which is a threat to people who live in coastal
areas [1]. Extreme climate change also occurs with extreme coastline changes [2]. Beach erosion is caused
by extreme waves and the characteristics of sandy beaches, which create a sloping topography in coastal areas
[3]. Based on this, areas located in coastal areas need to be paid attention to, especially those experiencing
coastal erosion [4]. Coastal erosion is a significant concern for many communities around the world,
particularly in regions where urban development encroaches upon fragile shorelines. One effective solution
to mitigate this issue is the construction of a groin—a structure built perpendicular to the shoreline that aims
to interrupt the flow of sediment and reduce the impact of wave action. Groins serve as a critical component
of coastal management strategies, helping to protect beaches from erosion while influencing sediment
dynamics in their vicinity [5].

Passo Beach is located in Passo Village, Baguala District, Ambon City, around which there are
residential areas and connecting roads between the city and district. One of the main problems facing Passo
Beach is beach erosion. At the study location, there is a single groyne building that has been damaged and
previously functioned to protect the seawall behind it, which protected the connecting road between the city
and district. Several points on the sea wall also experienced erosion on the toes that were standing on sandy
soil. Study before about coastal protection with groyne as the structure must be installed with a series of
groins to occur the equilibrium condition.

The coastal protective structure needed a series of groynes to resist erosion and poorly distributed
distribution of sediment transport, the example pictured in coastal protection at Camplong Beach, Madura,
Indonesia [6]. Compared to the other study from the Comodo beach protection structure, groins effectively
minimize erosion at its function [7]. Furthermore, it is necessary to conduct a study to look at the
hydrodynamic conditions and sediment transport for existing conditions. This research delves into the
effectiveness of groins in coastal environments. By examining a case study in Passo Beach, that aims to
understand how these structures interact with natural sedimentation processes. Additionally, the study needed
to explore the physics and mathematics modeling to check the groyne condition through a comprehensive
analysis of current literature and field data; this study seeks to provide insights into the best practices for
hydrodynamic computation, contributing to more coastal management research.

The hydrodynamic computation is accommodated by Delft3D software. To begin with, define the study
area to collect the data on water levels, currents, and sediment transport characteristics from the Ambon-
Baguala Bay coastal area. Moreover, the model domain was created to capture the necessary detail around
the groyne structure. Also, set up the boundary conditions. Then, represent the groyne as a structure in the
model. Assign appropriate roughness values and other hydraulic properties to simulate the effect of the groyne
on flow patterns. Configure sediment transport parameters to model to display how the groyne influences
sediment deposition and erosion [8]. At last, compare the model results with observed data.

The result is to conduct a visualization of how currents flow around structures. Mapping the sediment
accumulation and erosion areas is crucial for understanding long-term coastal changes. Collect the
quantitative data on sediment transport rates and directions, helping to predict changes in shoreline
morphology. Analyzed wave transformation as they approach the coast, including refraction and diffraction
effects. Identification of areas where waves break and their impact on coastal erosion and sediment dynamics.
Furthermore, to evaluate how the groyne structure effectively influences the coastal sediment transport
process on Passo Beach.

2. RESEARCH METHODS
2.1 Hindcasting

Hindcasting conducts the wind data correction, analysis of wave height based on wind and wave
generation (fetch) area. Based on Join North Sea Wave Project Spectrum (JONSWAP) model that used in
oceanography and marine science to describe the wave energy distribution in the surface of ocean. Originally
developed to describe waves in the North Sea, this model has been widely adopted and developed for various
water case effectively until now [9]. JONSWAP hindcasting method [10]:
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a. To check if the wave is fully developed or not, use the formulation:

g :gravitational acceleration

t : wind duration
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The result of the JONSWAP method will draw a wave-rose diagram [11]. The aim of processing the
wind data and fetching it is to identify the dominant wave that contributes to sediment processes. The
dominant wave is different from an extreme wave. The dominant wave is defined as the wave that occurred
repeatedly or had the majority of intensity in the time being. Meanwhile, the extreme wave is defined as the
highest wave that occurs in a period.

2.2 Wave Computation

Delft University of Technology developed a model called SWAN. The SWAN model is used to study
coastal and nearshore modeling [12]. Therefore, Deltares integrated the SWAN model into a series of Delft3D
models [13]. Under the public domain, the SWAN model has been released. In the development of SWAN
regarding the wave spectrum, the mathematical equation for the physics of spectral action balance is described
for Cartesian coordinates as:

0

vilen+ZLens LZent Loy =3 (15)
at” Tax X Tay Y Tas ? a0 % g

with density of spectrum (N)

The first term in the left-hand side of this equation represents the local rate of change of action density
in time. The second and third terms represent geographical space propagation (with velocity of propagation
Cy and C,, in x and y space, respectively). The fourth term represents the relative frequency shifting due to
variations in depths and currents (with propagation velocity do in c-space). The fifth term represents depth-
induced and refraction of current induces (with velocity of propagation Cg in 8-space) [14].

2.3 Flow Computation

Navier-Stokes equations for incompressible fluids, under shallow water and Boussinesq assumptions
applied to Delft3D Flow [15]. Neglecting vertical acceleration in the vertical momentum equation then results
in the hydrostatic pressure equation. Vertical velocity is calculated from the continuity equation in the 3D
model [16]. The Reynolds-averaged Navier-Stokes equation may be written as:

du; du; 1 du 1 9t p

. - Y e 20U = — gb; 16
at ulaci+Poaxi+Poaxi+£”k it Pogl (10)

With the Kronecker delta d;;, the symbol of permutation €5, the symbol of planetary vorticity £; and are
the symbol of turbulent stresses z;; [17].

2.4 Sediment Transport Concept

In an open boundaries, the user can specify the bed load delivery rates or the bed development rates
[18]. In the latter case the bedload transport rates are known from the model input, whereas in the former case
the effective bedload transport rates at the boundary could be derived from the mass balance at the open
boundary point. At the U and V points Figure 1 as this ensures that the bed will remain stable [19]. By adding
the components of bed load transport at the water level points on either side of the velocity point and taking
the upwind direction relative to the resulting net transport direction can determine the upwind direction, for
each active velocity point [20].
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Figure 1. Delft3D Flow Bedload Transport Components at Velocity Points
Source: delft3D Flow Manual
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3. RESULTS AND DISCUSSION
3.1 Existing Area
The hindcasting calculation setting is in the Ambon-Baguala Bay area at the point of damage Figure

2. The study location is at the deepest point of the bay so the modeling process is carried out not only at the
study location but also throughout Ambon Baguala Bay.

Existing
groyne

Passo beach
retaining
wall

Figure 2. Passo Beach Existing Groyne Condition Plotting
Source: Google Earth

3.2 Wave Rose-Hindcasting

JONSWAP hindcasting uses the 10 years of wind velocity historical data collected from the Indonesian
Agency for Meteorological, Climatological, and Geophysics (BMKG), a fetch line that draws from the



648 Salamena, et al.

3D MODELING COMPUTATION TO EVALUATE GROYNE STRUCTURE PERFORMANCE ...

research area to the deep-sea area, and the results are presented as a wave-rose diagram in Figure 3 and
Figure 4 for each season, using WRplot Program 8.0.2 version
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Figure 3. Wave-Rose for Dried Season
Source: WRplot Program 8.0.2 Version

Wave-rose for dried season after fetch elimination at Figure 3, implied that the dominant wave occur
from south but it happen to be non-extreme value. Furthermore, waves that occurred from the southeast
indicated the extreme value. The modeling computation uses the wave height from the south because the
dominant wave is a major factor in coastal flow conditions that occur in the sediment transport process.

e —t
A / b
s ~ \
S ~ 17.4%
S/ //,/ B . N \\
4 g . 13.9%
/ d \\ N\
S . \
/ / T 10,4% . \
/ / s e . AN A\ \
/ / '6.94% ‘ \
|“ I“-‘ “."‘ y ‘.\.\ “‘
| | [ f \
| | | [ |
|WEST | | | EAST |
| | ! \ |
‘ \ |
\ '\'\ \
"‘\ \
N\ “*\\
A \
\ N
N
\. AN
\ "
\\\ ~
\\
N
-

— :LSOUTH'/

Figure 4. Wave-Rose for Wetted Season
Source: WRplot Program 8.0.2 Version
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The wetted season wave-rose provides information about the dominant and the extreme wave height
from the southeast. It is clear to use the values from the south-east to model the flow computation. With the
result of wave hindcasting, recapitulation of wave significant height (H, ) and its period (T ) show:

Wetted season; Hg = 0,4 m; Tg = 3.1 s (from South)

Dried season; Hy= 1,1 m; T, = 5.5 s (from Southeast)

3.3 Delft 3D Model Set Up

The grid used in the simulation is in the form of a Coordinate Spherical. Grid creation uses Delft3D-
RGFGRID. The grid used is curvilinear by utilizing nesting or joining the main grid with a secondary grid at
the study location whose purpose is to shorten the time of modeling. The size of the grid at the study location
is 5x5 meters. The time frame setting consists of a simulation time reference and a time step to conduct
simulations. Used time: 15 days on time tidal measurement with a timestep of 0.5 minutes.

To ensure that the model from Delft 3D software works accurately, the deft3D open boundary tides
data from the Delftdashboard is calibrated to the real-time tides observation data in Figure 5 and Figure 6.

& Delft Dashboard
File Toolbox Model Domain Bathymetry Shoreline View Coordinate System Options Help
Y F < %?},‘,\L

Toolbox Description Domain Time Frame Pr Initial i B g Physical Parameters  Num

WGS 84 - Geographic X Y y 4

Openboundary tides

Quick Mode Bathymetry Initial Conditions  ©ou f Roughness
X Origin 0 Y Origin 1 Draw Gnid Outline | Make Rectangular Grid 0| Z Max (m)
M Max 1 NMax 1 Make Bathymetry
Delta X B 01 DeltaY 01 Make Open Boundarnes 10| Cells per Section
Rotation 0 Make Boundary Conditions = TPXO 7.2 Glob... v
Make Wave Model

Figure 5. Delft Dashboard Tides Location and Observed Tides Location
Source: DelftDashboard Delft 3D 4.03.01 Version
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Tides Comparison
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Figure 6. Tides Comparison

The results of the model validation with correlation show a 97% data match with an error rate of 8%
in the Root Mean Square Error method. So that modeling can be carried out using Delft3D. The modelling
process then has two scenarios. At the beginning, the simulation performs the wetted season month (March
to October), then followed by the dried season simulation (October to March) to identify the effect of each
season on the research study sediment transport process.

3.4 Wetted Season Modeling

Delft 3D Flow was used to simulate tides and sediments, and Delft 3D Wave was used for wave
propagation analysis. The input uses the result from hindcasting and the bathymetry for the Ambon-Baguala
Bay area that was collected from surveying analyses. The soil from the sediment sample had been processed
in the laboratory as the result of soil properties in addition to Delft 3D processing.

The results of the Delft3D-Wave modeling for the existing wetted season depict wave propagation
from the southeast direction, and in the propagation pattern, there is a shallowing pattern at the coral reef
location in location A in Figure 7, but because the elevation of the coral reef peak is -5 meters, overtopping
occurs with a reduction in wave energy, and in the area after the coral reef, there is a decrease in the sea bed
elevation of 20 meters, causing waves due to the influence of the wind to form.
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Figure 7. Wave Propagation Analysis for Wetted Season
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Source: Delft3D 4.03.01 Version

The wave propagation in that picture with spectral color shows the smoothing shoaling process in the
study area, and the wave refraction shows as well. This result is also carried in the Delft3D-flow process to
support the sediment modeling that shows in Figure 8.

Besides the Delft-Wave result, to conduct the Delft-3D Flow model required the additional data, such
as soil properties data. The soil characterized as sandy (non-cohesive) that measured:

Specific density = 2650 Kg/m?
Dry bed density = 1600
D50 =540 pm
With layer thickness =2m
313600" S
313636 S
a / [ \
o L
AIF7M2'S - /
— ,
33748" S E
.T. 313824 S [ %
= 5
2 amowrs | %ﬂ
it 0 g
313936" 5 %
05
304012° S
-1
314048" 5 -
-1.5
304124" 5 - )
128015'E 128118'E 1280121'E -2

longitude (deg) —

Figure 8. Flow-Sediment Simulation for Wet Season Modeling with delft3D
Source: Delft3D 4.03.01 Version

Describe in Figure 8 how longshore occurs due to oblique waves, because at the front of the bay there
is an obstacle in the form of a submerged coral reef, making the current direction tend to be straight on the
right side of the bay, and towards the perpendicular to the beach (view area), the current pattern turns to the
southwest. due to the obstructive influence of land jutting into the sea.
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Figure 9. The Accumulation of Sediment Transport at the Existing Groyne Area (Wetted Season)
Source: Delft3D 4.03.01 Version

The results of the sedimentation modeling for 1 year (accumulated from a month of modeling with a
morphology factor of 12 to repeat the tides phenomenon at the Passo Beach area) of the existing wet season
show that the area to the southwest (from a review of the location of the damaged groyne) experienced erosion
of 2 meters (Figure 9). It is proffered that the groyne malfunctioning as the coastal area protection building.

3.5 Dried Season Modeling

Same as the dry season model, use the input from the JONSWAP hindcasting method result, but fit
the seasonal data required. For this model, use the dried season result.
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Figure 10. Wave Propagation Analysis for Dried Season
Source: Delft3D 4.03.01 Version
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Figure 11. Flow-Sediment Simulation for Dried Season (Red Boundary is the Passo Coastal Area)
Source: Delft3D 4.03.01 Version

The direction of the wave coming from the south makes the angle of the wave tend to be oblique at the
study location. The propagation process involves many obstacles, and refraction and diffraction processes
occur, resulting in the wave energy being reduced when it arrives at the study location (Figure 11). The wave
spectral display of the refraction process is very smooth. Different from the wetted season that had an impact
from the coral reef in the beginning of the Tial coastal area, the dried season turned the wave breaking early
from the beginning of the wave propagation. The result from wave modeling is used as the base data to run
the flow modeling program and is shown as Figure 11. The results of dry season sediment modeling for
existing conditions show that the study location (red boundary) did not experience erosion or sedimentation.
Sediment modeling indicates stability in the study area during the dry season. This could suggest effective
natural processes or existing land management practices that prevent erosion and sedimentation.
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Figure 12. The Accumulation of Sediment Transport at the Existing Groyne Area (Wetted Season)
Source: Delft3D 4.03.01 version

The accumulation of sediment transport is also steady at zero in Figure 12, because the direction of
the wave comes from the south, and the wave height is not as big as in the dry season, and when it arrives at
the study location, it experiences a large reduction in energy. The point of view of the dried season opposed
the wetter season; the equilibrium state of sediment transport eventuated in the research location.
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4. CONCLUSIONS

In the wet season, a sediment transport process occurs from the northeast to the southwest along the

coastline, resulting in erosion of 2 meters during one year in the review area, especially in the southwest
direction of the damaged groyne location. In dry season, sediment transport along the Passo coast tends to be
balanced so that the cumulative value is zero for one year. This result implied that the Passo coastal area
requires the replacement of existing groyne to retain the existing shoreline and also to protect the property
behind.
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