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Abstract This sedimentation poses a critical threat to
the local fishing economy and safe navigation,
necessitating effective engineering solutions. At the
Batang Arau Floodway Mouth in Padang, West Sumatra,
Indonesia, significant sedimentation impedes the operation
of fishing vessels exceeding 10 m in length, despite the
presence of existing jetty structures. This research
investigates the optimization of jetty layout configurations
to mitigate sedimentation and enhance the navigational
channel depth at this coastal floodway mouth using a
numerical simulation approach. Six distinct jetty layout
setups, including a baseline, the existing configuration, and
four proposed optimized designs, were simulated and
analyzed to evaluate their effectiveness. Our
hydrodynamic and sediment transport simulations,
evaluated by the stability of channel depth (i.e., near-zero
sedimentation or erosion) and maintenance of navigational
cross-sectional area, reveal that Scenario 5—featuring a
short straight right jetty combined with a long-left jetty
angled 66 “rightward—offers the most effective protection
for the floodway mouth against wave action and
sedimentation. This configuration consistently yields a
stable floodway channel depth with almost no net
sedimentation or erosion at the mouth and within the main
channel, thereby preserving navigational conditions. This
enhanced performance is primarily attributed to the
dominant influence of the alongshore current flowing

towards the northwest, consistent with the prevailing
wave-driven longshore transport in the area. Furthermore,
simulations incorporating a floodway dredging scenario
under both normal and flood discharge conditions indicate
that substantial dredging efforts are necessary to achieve
and maintain adequate water depths for the safe passage of
larger fishing vessels. Subsequent simulations conducted
after the simulated dredging demonstrate a relatively low
rate of sedimentation within the dredged navigation
channel, suggesting the potential for a long-term
improvement in navigability.

Keywords Coastal Floodway, Jetty Optimization,
Numerical Simulation, Sediment Transport, Channel
Depth

1. Introduction

Coastal regions worldwide often face challenges related
to the dynamic interplay between riverine discharge, wave
action, and sediment transport at the mouths of floodways
and estuaries. These interactions can lead to significant
sedimentation, impacting the navigability of crucial
waterways and hindering the livelihoods of coastal
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communities [1-5]. In the specific context of the mouth of a
coastal floodway in Padang Beach, West Sumatra,
Indonesia, substantial sedimentation has emerged as a
critical issue, despite prior coastal protection measures.

Initially, Padang Beach experienced significant abrasion
due to wave action. To mitigate this, the Sumatera V River
Basin Agency (Balai Wilayah Sungai Sumatera V -
BWSSV) constructed a series of groynes spanning 3.15 km,
effectively halting shoreline erosion. However, this
intervention effectively halted shoreline erosion but the
dynamic coastal environment, as seen in the 2006 imagery
(Figure 1A, prior to jetty construction), still presented
significant sedimentation challenges within the body and
mouth of the Batang Arau Floodway, leading to shallowing
of the navigation channel. This sedimentation has resulted
in a shallowing of the navigation channel, severely
restricting the maximum draft of vessels that can safely
pass and impeding the access of local fishing vessels to the
waterway [6].

Recognizing this challenge, the Water Resources
Development Agency (Dinas Pengembangan Sumber
Daya Air - PSDA) of West Sumatra Province undertook
efforts in 2007, including the construction of jetties and
dredging at the floodway mouth. While satellite imagery
from Google Earth in 2024 (Figure 1B) suggests that the
jetty construction partially reduced sedimentation at the
immediate mouth, the bed elevation within the canal
remains insufficient, particularly for traditional lift net
fishing vessels (kapal bagan) longer than 10 m (Figure 2A).
Currently, only smaller sampan boats with a maximum
length of 10 m can navigate the canal (Figure 2B). This
situation negatively impacts the local fishermen's economy,
limiting their operational capacity and economic growth.

Figure 1. Changes in the Padang Beach Floodway Condition:
Comparison of Google Earth satellite imagery from (A) 2006 (prior to
jetty construction [7]) and (B) 2024 (post-jetty construction [8]),
illustrating the impact of structural intervention
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Figure 2. Fishing Vessels in the Study Area: (A) Traditional lift net
fishing vessel (kapal bagan) with outriggers and lights. (B) Sampan
boats, the currently navigable vessel type in the floodway

The problem of sedimentation obstructing navigation at
river and estuarine mouths is a globally recognized issue,
with documented cases in major river systems and coastal
inlets [1-5, 9, 10]. Studies focusing on structural
engineering  solutions,  particularly  the strategic
implementation of jetties, have demonstrated potential for
mitigating sedimentation and improving navigation access
in similar environments, such as Bodega Harbor [9] and the
Versilia River [10], as well as the successfully
implemented case at the mouth of the Prajagumiwang
River [11].

Given the persistent challenge of shallowing at the
mouth of this coastal floodway in Padang Beach and the
potential for jetty engineering to offer a viable solution,
this research aims to optimize the jetty layout configuration.
Employing a numerical simulation approach, various jetty
layout scenarios will be evaluated with the primary
objective of minimizing sedimentation and increasing the
depth of the navigation channel. The ultimate goal is to
restore and enhance access for fishing vessels longer than
10 m, thereby supporting the local fishing community and
economy.

2. Materials and Methods

2.1. Study Area and Data Acquisition

The study focuses on the mouth of a coastal floodway
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located on Padang Beach, West Sumatra, Indonesia
(latitude -0.931199< longitude 100.349615<). Numerical
simulations were conducted using various environmental
datasets acquired for the period of January 1 to January 26,
2023, representing normal discharge conditions. These
datasets include bathymetry, wind, wave, tide, and
floodway discharge, as detailed below.

2.1.1. Bathymetry

Bathymetry data for the study area was obtained from
the Digital Elevation Model Nasional (DEMNas),
provided by the Geospatial Information Agency (Badan
Informasi Geospasial - BIG) [12]. The DEMNas data has
a spatial resolution of 6 arc-seconds (approximately 180
m x 180 m per pixel) and utilizes the WGS 84, UTM
Zone 47M coordinate system, with elevation values
ranging from -7 m to +1 m [13]. While DEMNas offers
broad coverage and is authoritative, its resolution may
limit the representation of fine-scale bathymetric features,
particularly around existing jetty structures.

2.1.2. Wind

Hourly wind data from January 1 to January 26, 2023,
was sourced from the ERA5 hourly single levels dataset
by the European Centre for Medium-Range Weather
Forecasts (ECMWEF) through the Copernicus Climate
Change Service [14]. The horizontal wind speed
components at 10 meters above the Earth's surface (U:
eastward, V: northward) [15] were utilized. ERAS data
was selected for its high temporal and spatial resolution,
acknowledging that the chosen timeframe was influenced
by computational limitations.

2.1.3. Wave

Hourly surface wave data for the same period (January
1-26, 2023) was also obtained from the ERA5 dataset
provided by ECMWEF through the Copernicus Climate
Change Service [15]. The significant wave height, mean
wave direction (meteorological convention), and peak
wave period were extracted for the study area. ERA5
wave data offers suitable temporal resolution for coastal
hydrodynamic analysis.

2.1.4. Tide

Hourly tidal elevation data for the study period was
acquired from the BIG [12]. This model data provides sea
level fluctuations relative to a specific datum at the
research location, relevant for coastal hydrodynamic
modeling in Indonesian waters. Details regarding the
model's accuracy and vertical datum were sought where
available.

2.1.5. Floodway Discharge

Daily floodway discharge data from the Batang Arau
River Water Level Gauge Station (Pos Duga Air DAS
Arau) was obtained from the BWSSV [16] for the period

of January 1 to January 26, 2023. This data represents the
daily volume of water flow and is crucial for modeling the
influence of riverine input on coastal hydrodynamics. The
temporal limitation of daily data was considered in the
interpretation of simulation results.

2.2. Numerical Model Setup and Data Processing

The MIKE 21/3 coupled model FM, a widely used
hydrodynamic and sediment transport modeling suite, was
employed for this study. The following data processing
steps were undertaken to prepare the input for the model:

2.2.1. Bathymetry Data Processing

The DEMNas data (TIFF format) was processed in
ArcGIS 10.8. Coordinate points (X, Y, Z) representing the
seabed and riverbed were extracted and interpolated using
the Natural Neighbor Interpolation (NNI) method to
create a 6 m x 6 m resolution bathymetry grid. NNI was
chosen for its ability to generate smooth surfaces and
preserve original data values, suitable for the relatively
dense bathymetry and accommodating the scale of the
jetty structures.

2.2.2. Wind Data Processing

Wind data from the ERAS5 reanalysis dataset (in
NetCDF format) was extracted using Ocean Data View
(ODV) [17] to obtain time series of the U (zonal) and V
(meridional) wind components over the study area. The
extracted data was then processed and converted into
a .dfs0 file format compatible with the wind forcing input
required by the Hydrodynamic (HD) module of the MIKE
21/3 FM model.

2.2.3. Wave Data Processing

Wave data from the ERAS5 reanalysis dataset (in
NetCDF format) was also extracted using ODV [17] to
obtain time series of significant wave height, mean wave
direction (in meteorological convention), and peak wave
period for the study area. The extracted data was then
converted into a .dfsO file format compatible with the
wave boundary condition input of the Spectral Wave (SW)
module in the MIKE 21/3 FM model. The mean wave
direction values were subsequently converted from the
meteorological to the oceanographic convention within
the MIKE Zero interface.

2.2.4. Tide Data Processing

Hourly tidal elevation data in TXT format, obtained
from the BIG, was processed to ensure consistent time
formatting and accurate water level values. The processed
data was then converted into a .dfsO file format for use as
the water level boundary condition at the open sea
boundaries of the Hydrodynamic (HD) module in the
MIKE 21/3 FM model. Where necessary, linear
interpolation was applied to align the temporal resolution
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of the data with the model’s simulation time step.

2.2.5. Floodway Discharge Data Processing

Daily floodway discharge data (PDF format) from the
BWSSV was extracted and converted into a tabular
format (e.g., .csv). Linear interpolation was then applied
to generate a higher-resolution discharge time series,
consistent with the HD model's simulation time step. The
limitations of linear interpolation on daily data for
representing short-term discharge variations were
acknowledged.

2.3. Numerical Simulation Scenarios

Six distinct jetty layout scenarios were simulated to
assess their impact on hydrodynamic conditions and
sedimentation patterns (Figure 3):

Scenario 1: Without Jetty: This scenario represents
the baseline condition without any jetty structure. The
simulation results for this scenario will be used as a
comparison to evaluate the influence of the presence of
jetties in the other scenarios (Figure 3A).

Scenario 2: Existing Jetty Configuration: This
scenario represents the current jetty conditions, which
consist of a short straight right jetty and a medium straight
left jetty that then bends 40<to the right until it is in line
with the right jetty (Figure 3B).

Scenario 3: Both Jetties Long and Straight: This
scenario simulates both jetties with the same length and
straight configuration. The jetty length used will be based
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on the breaking index. The ends of the jetties will be
placed beyond the breaking waves (Figure 3C).

Scenario 4: Short Straight Right Jetty and Long
Straight Left Jetty: This scenario simulates the right
jetty with the existing configuration (short straight) and
the left jetty extended straight with the same length as in
Scenario 3 (Figure 3D).

Scenario 5: Short Straight Right Jetty and Long
Bent Left Jetty: This scenario simulates the right jetty
with the existing configuration (short straight) and the left
jetty extended straight and then bent 66° to the right
beyond the line of the right jetty. The "line of the right
jetty" refers to the extension of the right jetty towards the
sea (Figure 3E).

Scenario 6: Both Jetties Short and Bent with
Extended Left Jetty: This scenario simulates a short
right jetty bent 27<to the right, and a short left jetty bent
27<°to the right extending until it reaches the line of the
right jetty, then bending 27 <to the left for 50 meters, thus
becoming a long jetty (Figure 3F).

Each scenario was simulated using the coupled
Hydrodynamic (HD), Spectral Wave (SW), and Sediment
Transpot (ST) modules of MIKE 21/3 FM, with processed
bathymetry, wind, wave, tide, and floodway discharge
data applied as boundary conditions. The simulation
outputs—including current velocity, wave height,
sediment concentration, and changes in bed level—were
analyzed to assess the effectiveness of each jetty layout in
mitigating sedimentation and improving navigational
channel depth.

[deg]

Scenario 2

B

T —
100.3460

—— — T — T — T
100.3480 100.3500 100.3520  [deg]



3648 Preserving Navigational Channel Depth at the Batang Arau Floodway Mouth, Padang, West Sumatra, Indonesia:
A Numerical Study of Jetty Layout Effectiveness

-0.9260
[deg] |

09265 Scenario 3

-0.9270 -|
-0.9275 -|
-0.9280 |
-0.9285 |
-0.9290 -|
-0.9295 |
-0.9300 -|
-0.9305 ‘
-0.9310 -
-0.9315 -
-0.9320 |
-0.9325 |
-0.9330
-0.9335 |
-0.9340 |
-0.9345 "

-0.9350 -|

-0.9355 -|

T T T T
100.3460 100.3480 100.3500 100.3520  [deg]

-0.9260
[deg]
-0.9265 -|

Scenario 5

-0.9270 -
-0.9275 -|
-0.9280 |
-0.9285 -|
-0.9290 -
-0.9295 |
-0.9300
-0.9305 |
-0.9310 |
-0.9315 -
-0.9320 |
-0.9325 -
-0.9330 1
-0.9335
-0.9340 -|

-0.9345

=

-0.9350

-0.9355 |

100.3500 1003520  [ded]

— Scenario 4

-0.9280 -|
-0.9285 -|
-0.9290 -
-0.9295
-0.9300 -
-0.9305 -
-0.9310 |
-0.9315 ‘
-0.9320 -|
-0.9325 *
-0.9330
-0.9335 -
-0.9340 |
-0.9345 -|

-0.9350

-0.9355

—T y T — T
100.3460 100.3480 100.3500 1003520  [deg]

-0.9260
[deg]
-0.9265 |

Scenario 6

-0.9270 |
-0.9275 -|
-0.9280 |
-0.9285 -|
-0.9290 |
-0.9295 |
-0.9300 -|
-0.9305 |
-0.9310 |
-0.9315 |
-0.9320 |
-0.9325 |
-0.9330 |
-0.9335 |
-0.9340 |
-0.9345 |
-0.9350 -|

F

T
100.3460

-0.9355 |

= T T T T
100.3480 100.3500 100.3520  [deg]

Figure 3. Schematic representation of the six simulated jetty layout scenarios designed to optimize hydrodynamic conditions and mitigate

sedimentation at the coastal floodway mouth
3. Results and Discussion

3.1. Environmental Data Characteristics

The processed bathymetry data, visualized in Figure 4,
provided the foundation for the numerical simulations.
Analysis of the wind data over the 26-day period in

January (Figure 5) revealed a dominant wind direction
from the Northwest. Correspondingly, the wave data
indicated a prevailing wave direction originating from the
Southwest (Figure 6). The hourly tidal elevation data from
the BIG is presented in Figure 7, and the hourly floodway
discharge data from the BWSSV is shown in Figure 8,
representing the hydrodynamic forcing conditions during
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the simulation period.

Figure 4. Spatial distribution of bathymetry data points for the Batang
Arau Floodway Mouth and surrounding coastal area, derived from
DEMNas data. These points define the horizontal locations of the initial
bed topography and form the unstructured mesh used in the numerical
simulations
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Figure 5. Wind rose diagram showing the frequency and intensity of
wind directions recorded at the study site from January 1 to 26, 2023,
indicating a dominant wind from the Northwest
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Figure 6. Wave rose diagram illustrating the frequency and significant
height of wave directions recorded at the study site from January 1 to 26,
2023, indicating a dominant wave origin from the Southwest

3.2. Hydrodynamic and Sediment Transport Response
to Jetty Configurations

To assess the effectiveness of different jetty layouts in
mitigating sedimentation and enhancing navigational
depth, six scenarios were simulated and compared against
a baseline scenario without any jetty structures (Scenario
1).

3.2.1. Scenario 1: Baseline Condition (Without Jetty)

In the absence of jetties, waves approaching
predominantly from the southwest underwent refraction,
becoming near-perpendicular to the shoreline and
influencing sediment transport at the floodway mouth
(Figure 9) [18]. The simulation over 26 days (Figure 10A)
showed a northward shift in the floodway flow and
significant sedimentation along the west side of the
floodway mouth, resulting in shallowing (elevation
change of approximately 0.25 m). Sedimentation also
expanded on the southwest side, attributed to
wave-current interaction leading to sediment deposition in
the mixing zone. This baseline scenario highlights the
natural tendency for sedimentation at the floodway mouth
due to wave action and floodway discharge dynamics.

Tide: January 1 - 26, 2023

Time [hours (day) in January 2023]

Figure 7.

Time series of hourly tide elevation data recorded at the Padang Beach floodway mouth from January 1 to 26, 2023



3650

Preserving Navigational Channel Depth at the Batang Arau Floodway Mouth, Padang, West Sumatra, Indonesia:

A Numerical Study of Jetty Layout Effectiveness

Discharge [m3/s]
» » o v
> o

@
wn

Time

Flow: January 1 - 26, 2023

hours (day) in January 2023]

Figure 8. Time series of hourly floodway discharge data from the Batang Arau River (gauging station: Pos Duga Air DAS Arau) from January 1 to 26,

2023, representing the riverine input for the hydrodynamic simulations
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Figure 9. Dominant wave refraction patterns approaching Padang
Beach, illustrating the transformation of southwest-originating waves as
they near the shoreline

3.2.2. Scenario 2: Existing Jetty Configuration

The simulation with the existing jetty configuration
(Figure 10B) demonstrated the jetties' effectiveness in
protecting the immediate floodway from wave action and
reducing sedimentation within its sheltered area. However,
sedimentation occurred on the southwest side of the left
jetty, leading to a decrease in elevation of over 0.75 m in
some areas. This suggests that while the existing
structures offer some protection, they do not fully address
sediment accumulation at the floodway mouth,
particularly at the unprotected seaward end. The
accumulation is likely due to southwest-originating waves
transporting sediment towards the west and then
northward, depositing it at the floodway's terminus.

3.2.3. Scenario 3: Straight Jetties of Equal Length

Implementing straight jetties of equal length (190 m) on
both sides (Figure 10C) effectively reduced sedimentation
within the protected channel. However, the seaward
interaction between the floodway current and incoming
waves led to sedimentation within the extended channel,
decreasing the depth by up to 1.00 m in some areas.
Furthermore, sedimentation on the outer sides of the
jetties, especially at the left jetty's end, poses a risk of
future floodway closure. This configuration, while
improving the inner channel, appears to exacerbate
sedimentation at the seaward entrance.

3.2.4. Scenario 4: Straight Jetties of Unequal Length (Left
Longer)

The unequal length jetty configuration (longer left jetty)
shown in Figure 10D proved counterproductive.
Sedimentation  within the floodway mouth was
exacerbated, particularly on the right side beyond the
shorter jetty. The longer left jetty appeared to trap
sediment on its southwest side, while sediment passing its
end was pushed by waves towards the unprotected right
side of the floodway, widening the deposition area
northward. This scenario suggests that simply extending
one jetty without careful consideration of wave and
current dynamics can worsen sedimentation issues.

3.2.5. Scenario 5: Left Jetty Turning Right

The introduction of a rightward-turning left jetty
(Figure 10E) demonstrated the most promising results
among the non-dredged scenarios. Minimal elevation
changes occurred within the main channel leading to the
sea. The northwest orientation of the left-bank jetty
effectively resisted southwest-originating waves, and the
straight section retained sediment along the south coast.
While some localized sedimentation (0.15-0.30 m
elevation increase) occurred outside the jetty structures,
the floodway mouth remained relatively stable. This
configuration appears effective in shielding the floodway
from the dominant wave action and limiting sediment
ingress.
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3.2.6. Scenario 6: Left and Right Jetties Turning Right

The turning jetty configuration on both sides (Figure
10F) also provided protection against wave action at the

floodway, although less significant than in Scenarios 1-4.
The varied tip of the jetties held back some sediment, but
deposition within the estuary persisted. This suggests that

floodway mouth. However, sedimentation (0.15-0.45 m While the turning jetties offer protection, internal
elevation increase) still occurred within the protected —Sedimentation within the floodway remains a concern.
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Figure 10. Analyzing six distinct jetty configurations for floodway mouth management: a 26-day simulation focusing on sedimentation and erosion

patterns
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3.3. Dredged Scenarios Based on Optimal Jetty Layout
(Scenario 5)

Based on the superior performance of Scenario 5 in
minimizing sedimentation at the floodway mouth, two
dredged scenarios were investigated.

3.3.1. Scenario 7: Dredged Scenario 5 (No Flood
Discharge)

Dredging Scenario 5 to a depth of 3 meters (Figure 11A)
resulted in a stable bathymetry after the 26-day simulation
(Figure 11B), similar to the non-dredged Scenario 5. This
indicates that the optimized jetty layout effectively
maintained the dredged channel depth under normal
discharge conditions by limiting sediment ingress.

3.3.2. Scenario 8: Dredged Scenario 5 with Flood
Discharge

Incorporating the largest recorded flood discharge (38.8
m3) into the dredged Scenario 5 simulation (Figure 11C)
still resulted in only minor sedimentation within the
dredged channel. This suggests that the optimized jetty
layout, even under high discharge events, provides
significant protection against rapid sediment infilling,
highlighting its potential for long-term navigational
improvement. Interestingly, the simulation also revealed a
lack of significant erosion on the outer bend of the dredged
channel, a phenomenon often associated with increased
flow velocities in riverine systems [19]. This absence of
erosion on the outer bend further supports the stability
provided by the optimized jetty configuration in managing
flow patterns and sediment dynamics, even under flood
discharge conditions.
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Figure 11. Comparing the floodway mouth (dredged to 3m with
Scenario 5 jetty, A) before simulation with its state after 26 days under
normal discharge (B) and flood flow from the floodway (C)

3.4. Discussion

The numerical simulations performed in this study
clearly demonstrate that jetty layout significantly
influences hydrodynamic conditions and sediment
transport at the coastal floodway mouth. The baseline
scenario (Scenario 1) underscores the natural vulnerability
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of such environments to sedimentation driven by wave
refraction and wave-current interactions. While the
existing jetties (Scenario 2) offer some localized protection,
their limited extent allows for continued sediment
accumulation at the floodway entrance. Our findings show
that straight, equal-length jetties (Scenario 3) improved the
inner channel but exacerbated seaward sedimentation,
potentially leading to long-term blockage. Similarly,
unequal length straight jetties (Scenario 4) proved the least
effective, highlighting the complex interplay of jetty length
and wave-current dynamics that can unintentionally
worsen sediment issues.

The rightward-turning left jetty (Scenario 5) emerged as
the most effective non-dredged configuration for the
Batang Arau Floodway. Its specific orientation effectively
blocked incoming southwest waves and retained coastal
sediment, thereby minimizing sedimentation at the
floodway mouth and within the main channel. The dredged
scenarios based on this layout (Scenarios 7 and 8) further
demonstrated its potential for maintaining navigational
depth even under flood discharge conditions, suggesting a
viable long-term solution.

While the turning jetties on both sides (Scenario 6) also
offered protection, they resulted in more internal
sedimentation within the floodway compared to Scenario 5.
This comparison highlights that the specific geometry and
orientation of the jetties play a crucial role in managing
both external wave-driven and internal flow-driven
sedimentation, emphasizing that a tailored design is more
effective than a generic two-jetty approach.

The success of Scenario 5 can be attributed to its ability
to disrupt the dominant sediment transport pathways driven
by the southwest waves and the alongshore currents they
induce. The northwest-oriented left jetty acts as a barrier,
preventing sediment from entering the floodway mouth,
while the straight section further stabilizes the adjacent
shoreline.

The findings of this study are consistent with previous
research highlighting the role of strategically designed
coastal structures in mitigating sedimentation at river and
estuary mouths, while also offering novel insights into
optimal configurations. For instance, the experience at
Bodega Harbor, USA, involved the construction of two
rubble-mound jetties followed by significant dredging to
create a navigable entrance [9]. Our study similarly
underscores the need for structural intervention to achieve
and maintain channel depth, and like Bodega Harbor,
suggests that an effective jetty system can reduce the need
for frequent capital dredging, even if initial dredging is
required.

In the Versilia River mouth, Italy, two jetties were
constructed specifically to prevent siltation, demonstrating
a shared objective with our study [10]. Our research
reinforces the concept that twin jetties can be effective, but
crucially, it provides detailed numerical evidence that
asymmetrical and angled designs (like our Scenario 5) can
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offer superior performance compared to simpler straight or
equal-length configurations, potentially achieving better
siltation prevention with less material or more targeted
impact. This contrasts with the implied general two-jetty
approach at Versilia, suggesting a more refined design
philosophy.

The case of the Prajagumiwang River, Indonesia,
presents a situation where two jetties were built to prevent
silting for navigation, yet sedimentation still occurred due
to geological conditions in the upper reaches of the river,
necessitating periodic dredging [11]. This example
provides a valuable point of comparison and a critical
lesson. While our Scenario 5 significantly reduces
sedimentation at the floodway mouth, the Prajagumiwang
experience indicates that external factors (like upstream
sediment supply) can still influence long-term maintenance
needs. Our study, by showing the effectiveness of a
specific design in minimizing local sedimentation, offers a
blueprint for reducing the frequency and scale of such
periodic dredging, assuming similar upstream conditions
do not overwhelm the system. It reinforces that while

structural solutions can drastically improve local
conditions, a holistic understanding of the entire
river-coastal system is paramount for long-term
management.

Overall, the application of numerical modeling in our
study allows for the efficient and detailed evaluation of
various  structural interventions before  physical
implementation. This provides invaluable insights into
coastal management and  engineering  design,
demonstrating how tailored jetty configurations can
proactively manage complex hydrodynamic and sediment
transport processes to maintain essential navigational
channels in challenging coastal environments.

Limitations: This study utilized a 26-day simulation
period due to computational constraints. Longer-term
simulations incorporating seasonal variations in wind,
wave, and discharge patterns would provide a more
comprehensive  understanding of the long-term
effectiveness of the proposed jetty layouts. Additionally,
the bathymetry data resolution might have limited the
accurate representation of small-scale features around the
existing jetties. Future studies could benefit from
higher-resolution bathymetric surveys.

4. Conclusions

Our numerical simulations provide a robust and detailed
understanding of sediment transport dynamics at the
Batang Arau Floodway Mouth and offer crucial insights
into its sustainable management. The study rigorously
evaluated multiple jetty configurations to identify an
optimal solution for maintaining navigational channel
depth.

The findings unequivocally demonstrate that Scenario 5,
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characterized by a short straight right jetty and a long left
jetty angled 66< rightward, offers the most effective
solution for minimizing sedimentation and preserving the
navigational channel. This specific layout effectively
modifies the wave and current patterns at the mouth,
creating conditions conducive to reduced net sediment
accumulation within the critical navigation path.
Quantitatively, Scenario 5 consistently showed near-zero
net sedimentation or erosion within the main channel and at
the floodway mouth, ensuring the maintenance of the
required cross-sectional area for safe vessel passage.

Furthermore, our analysis indicates that integrating
targeted dredging with this optimized jetty layout
significantly enhances its effectiveness. This combined
approach promises to achieve and sustain the necessary
navigable depths for larger fishing vessels, even during
periods of high flood discharge. This synergy between
structural intervention and periodic maintenance offers a
more cost-efficient and environmentally sustainable
long-term solution compared to dredging alone.

The benefits of these results extend significantly to the
local community and coastal management. By ensuring
consistent navigability, the optimized jetty design will
directly support the livelihoods of coastal fishing
communities, allowing larger vessels year-round access
and fostering economic stability. From a broader
perspective, these findings provide valuable, transferable
insights for the design and implementation of similar
coastal engineering solutions in other floodway mouths
and estuarine environments facing chronic sedimentation
challenges across Indonesia and globally. This research
contributes to developing more effective strategies for
preserving crucial waterways, enhancing maritime access,
and promoting the socio-economic well-being of coastal
populations.
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