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Abstract

Human activities in coastal area will generally lead to a greater erosion rate due to the loss of natural protection
or inappropriate structure. Dadap Beach, located at Juntinyuat District, Indramayu, West Java is one of the
locations experiencing problems above. In 2003, a Fishing Port was built on Dadap Beach, with structure jutted
200 m from the shoreline to prevent sedimentation. However, currently there has been a massive sediment
deposition in the port pool and behind the port. This study aims to determine the sedimentation pattern in Dadap
Port, and the influence of the port structure on the coastal morphology, using a numerical model simulation. The
results of this study indicate that the presence of the port structure has caused wave diffraction that forms a
circulation flow behind the port structure and around the entrance area to the port pool, that lead to the formation
of a tombolo behind the port and the sediment from the longshore currents and local scour enters the port pool
area. Furthermore, the existence of Dadap port structure causes the obstruction of longshore currents so that the
supply of sediment to the area around the port is reduced and the erosion rate is increasing.

Keywords : Erosion, coastal morphology, numerical model.

Abstrak

Aktivitas manusia di wilayah pesisir umumnya akan menyebabkan bertambahnya laju erosi, yang disebabkan oleh
hilangnya perlindungan alami atau pembangunan struktur yang tidak sesuai. Pantai Dadap yang terletak di
Kecamatan Juntinyuat, Indramayu, Jawa Barat merupakan salah satu lokasi yang mengalami permasalahan di
atas. Pada tahun 2003, dibangun Pelabuhan Perikanan di Pantai Dadap, dengan struktur menjorok 200 m dari
garis pantai untuk mencegah sedimentasi. Namun, pada saat ini telah terjadi pengendapan sedimen yang masif di
kolam pelabuhan dan di belakang pelabuhan. Studi ini bertujuan untuk mengetahui pola sedimentasi di Pelabuhan
Dadap, dan pengaruh struktur pelabuhan terhadap morfologi pantai, dengan menggunakan simulasi model
numerik. Hasil studi ini menunjukkan bahwa keberadaan struktur pelabuhan telah menyebabkan difraksi
gelombang yang membentuk aliran sirkulasi di belakang struktur pelabuhan dan di sekitar area pintu masuk ke
kolam pelabuhan, yang menyebabkan terbentuknya tombolo di belakang pelabuhan dan sedimen dari arus sejajar
pantai dan gerusan lokal memasuki area kolam pelabuhan. Selain itu, keberadaan struktur pelabuhan Dadap
menyebabkan terhambatnya arus sejajar pantai sehingga suplai sedimen ke daerah sekitar pelabuhan berkurang
dan laju erosi semakin meningkat..

Kata-kata Kunci : Erosi, morfologi pantai, model numerik.

1. Introduction activities in coastal areas such as settlements, rice

fields, ponds, tourist attractions or ports. In general,
Changes in coastal areas in the form of coastal erosion, human activities in this coastal area will lead to a
accretion and sedimentation according to Bird (1984), greater rate of erosion and tidal flooding due to the loss
along the North Coast of Java have caused a lot of of natural protection in the form of mangrove forests or
economic losses due to the large number of human inappropriate construction of structures in coastal
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areas. Dadap Beach, located in Juntinyuat District,
Indramayu Regency, West Java Province is one of the
locations experiencing problems above.

Many researchers (Ghasemizadeh et al 2013, Jackson et
al 2015, Phanomphongphaisarn et al 2020, Suciaty
et al 2020, Wahyudi et al 2022, Yola et al 2022) have
been working on the structures along the coastal region
by using numerical calculation. The sedimentation
along the coastal region also have been calculating
both measurement and prediction by Huda et al 2021,
Jackson et al 2015 Mahmoodi et al 2020, Mustagim
et al 2021, Phanomphongphaisarn et al 2021,
Wahygudi et al 2022, and Wibowo et all 2020 along
the structures in the coastal region. In 2003, a Fishing
Port (PPI) was built on Dadap Beach, with a structure
that jutted 200 m from the shoreline, connected to the
mainland by trestles supported by piles structure with a
1.5 m spacing to prevent sedimentation. However,
currently there has been a massive sediment deposition
in the port pool and the trestle structure area behind the
port. In addition, in recent years after the existence of
the port structure, the rate of coastal erosion around the
port area is increasing and threatens the rice fields and
settlements in the coastal area. Based on data from
BBWS Cimanuk-Cisanggarung (PPK-03 2009, 2012,
2019), the decline in coastline due to coastal erosion/
abrasion on Dadap Beach, which is located to the
southeast of the Dadap port, reached about 50 m in a
period of 3 years (2018 — 2020), and caused inundation
of rice fields and residential areas. This retreating
coastline reaches a length of + 2.6 km.

2. Study Area

Dadap Beach is administratively located in Indramayu
Regency, West Java Province. Dadap beach is a fine
sandy beach, with a relatively gentle shallow water
slope (average slope 0.02). Because it is located on the
north coast of Java, the wave characteristic in this area is
mostly fetch limited, by Kalimantan Island at north and
numbers of small islands to the northwest. The wind
direction at this location blows in 2 dominant seasons,
called the east and the west wind season. The west
wind season blows from December to March, while
from April to November the wind blows from the west.

The land use around the Dadap beach is dominated by
rice fields and settlements which are located very close
to the coastline. Under these conditions, the effects of
coastline retreat will have a major impact on the social
and economic conditions of the location. On the
coastline bordering residential areas, there is already a
coastal protection structure in the form of a revetment
and a sea wall made of stone and concrete material.
However, at the location where the coastline is
bordering the rice fields, there is still no protection (in
2021, breakwater was built), so the coastline is
retreating significantly (Figure 1).

At the study area there is the Dadap river which
empties close to the port location. This river is an
outlet channel from the irrigation, with an average
width of 10 m and 1.5 m depth in the upstream, and an
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Figure 1. Layout of study area (2021)

average width of 20 m and 1 m depth in the
downstream. This river has a fairly high sediment
concentration of clay in the upstream, but at the estuary
it is dom inated by sand material.

3. Data and Method

To analyze the hydromorphological conditions in the
study area, a numerical model is used (Delft3D). The
input data required for this modelling include wind
data, wave data and river discharge data. The wind
data used is hourly wind data obtained from the
Indonesia-windprospecting.com website (2004-2015).
This data is then processed into significant wave
heights and periods using the hindcasting method from
the Shore Protection Manual (SPM), 1986 (according
to Sugianto 2012 and Nugroho et al 2019). Tidal data
was obtained from the BIG-Tides website, in the form
of hourly tide forecast data from 2007-2020. Since the
model simulation will be carried out in 2004, the tidal
data is first processed into tidal astronomical
components using the least square method, and then
used as model input. There is no record of discharge on
the Dadap river. For the model input, discharge
measurements were carried out using currenmeter set
for 1 week in the dry/no rain period. The averaged
results of these measurements are then used as input
models with assumptions as the baseflow of the Dadap
River. The sediment data used for this study also
obtained from field sampling using sediment bottom
grab. Another input that required for the model is
bathymetry data. This data is obtained from 2009
measurement by BBWS Cimanuk-Cisanggarung. The
overall flowchart of this study is shown at Figure 2.

3.1 Wind and wave

The wind at Dadap Beach blows seasonally from the
northwest and southeast. The wind from the northwest
occurs between December to March, while from April to
November, the wind comes from the southeast. Overall
from 2004 — 2015, the average wind speed at offshore
of Dadap beach was 3.45 m/s with the dominant wind
direction coming from the southeast. The windrose at
Dadap Beach is shown in the Figure 3.

Fetch on Dadap beach is bounded by the islands of
Kalimantan and Sulawesi to the north, northeast, and
several small islands to the northwest (See Figure 4).
The longest fetch is from the east and north, then
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Figure 2. Flowchart

Figure 3. Windrose at study area

followed by the northeast, southeast and northwest. Fetch
from the west, southwest and south has a very small length
because it is directly adjacent to the coastline.

Dadap Beach topographically has a coastline facing
northeast. Due to this topographical condition, winds
originating from the southeast, south and southwest on
Dadap Beach will not generate waves towards Dadap
Beach, so that the dominant waves on Dadap Beach are
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Figure 4. Fetch at study area
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Figure 5. Waverose and significant wave at study area

from the east, northeast, northwest and north. (See
Figure 5).

3.2 Tide

The tidal data used in this study is obtained from
satellite data on the BIG-Tides website, which is an
estimated hourly tidal height data. The data used were
taken from 2007 to 2020. The tidal harmonic
component was calculated using the Least Square
method, which was then used for calculating the
elevations parameter of tides and formal numbers. From
the calculation results, it is found that the tidal type on
Dadap Beach is mixed semi diurnal (formzal number
1.09) with tidal height of 1.003 m. The Tide Elevation
Parameter at Dadap Beach are shown in Table 1, and
the Dadap Beach Surface Elevation at Januari 2012 are
shown in Figure 6.

3.3 River discharge and sediment sampling

Dadap river discharge was obtained from measurements
on September 1 to 7, 2021 using currentmeter set. The
measurement location is approximately 1 km upstream
of estuaries. The measurement result that the average
discharge of Dadap river was 0.8 m’/s. This
measurement was carried out in conditions of no rain in
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Table 1. Tide elevation parameter

No. Important Tide Elevation Elevasi (m)

1 HHWL (Highest high water level) 0,474
2 MHWL (Mean high water level) 0,395
3 MSL (Mean sea level) 0,000
4 MLWL (Mean low water level) -0,398
5 LLWL (Lowest low water level) -0,474
6 LAT (Lowest Astronomical Tide) -0,529
7 F= 1,09 (Mixed Semi Diurnal)
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Figure 6. Dadap beach surface elevation Januari 2012
(BIG Tides)

the catchment area of the river, so it is assumed as
baseflow discharge of Dadap river.

The sediment data in this study also obtained from
field sampling. Sampling was carried out at 8-point
location spread across the Dadap beach, Dadap port
pond, river estuary, and Dadap river. The laboratory
test of sediment sample results that the distribution of
sediment grain size at Dadap Beach and the river
estuary are fine to coarse sand with D50 ranging from
0.119 to 0.229 mm. In the port pond the sediment
grains size is fine silt with D50 ranging from 0.003 to
0.01 mm. While in the Dadap river (about 1 km from the
estuary) the sediment is clay, with a D50 of 0.001 mm.

3.4 Bathymetry
The bathymetry data used in this study is the 2009

measurement data obtained from BBWS Cimanuk-
Cisanggarung (See Figure 7). The measurement data

Figure 7. Dadap beach bathymetry
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obtained are in the elevation range of +1 m to -5.5 m
(from LWS, -0.67 MSL), with a transverse distance
ranging from 1.5 km to the coastline. From this data, it
can be concluded that Dadap Beach has a relatively
gentle transverse beach profile, with an average slope
of 0.02. In this measurement data, Dadap Port has
already experienced sedimentation and form a tombolo
behind the port structure.

3.5 Model input & setting

Delft3D numerical was made in 2 scenario, 1% scenario
is Dadap beach with port structure, and 2™ scenario is
Dadap beach without port structure. The model domain
is made in a curvilinear grid with grid sizes varying
from 3x3 m to 30x30 m. The boundary conditions used
for this model are the tides (offshore boundary), and
the Neuman boundary conditions with 0 values time
series (at both lateral boundary), and daily river
discharge. The wave input in this model is taken from
the north direction, which form an oblique wave in 45-
degree clockwise direction to the coastline (See Figure
8). To speed up the simulation time, the model in
scenario 1 is multiplied by a morphological scale of
100, which means that each time step of the modeling
of morphological changes is multiplied by 100. This
modeling scale only applies to morphological changes
while for hydrodynamic changes (speed and direction
of flow) it remains the same as modeling input (not
multiplied by scale).

Neumann

Dadap Port

Boundary 4 -

Discharge
Boundary 3 -

Neumann

Figure 8. Delft3D model input

4. Result and Discussion

From the 1% scenario model, it is found that the cause
of the tombolo formation is because the wave energy is
reduced by the presence of the port structure. Figure 9
shown the current and sediment pattern around the
Dadap Port. Waves that come obliquely from the
shoreline cause longshore currents in shallow water,
but behind the port structure these currents experience
a significant reduction in speed. For example, from the
results of 1% scenario model with waves from the north
(Hs =0.42 m, Tp = 2.93 ), the average longshore current
velocity in the west of the port is 0.117 m/s, while the
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Figure 9. Current and sediment/ erosion pattern around
Dadap port
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Figure 11. Sediment transport mechanism from Dadap river

average longshore current velocity behind the port is
drops significantly to 0.063 m/s. (See Figure 10).

The velocity reduction of the long-shore current behind
the port structure is caused by the presence of currents
that are diffracted by the port structure (at both ends of
the structure) which tend to form a current circulation/
turbulence in the area behind the port. This current
circulation when interacting with the longshore current
causes the long-shore current speed to decrease
significantly. This phenomenon will form a cuspate on
the shoreline and occur continuously so that over time it
forms a tombolo.

In the port pond area, the sediment supply source is a
mixture of sediment grains from the Dadap river, long-
shore currents, and local scour around the tip of the port
breakwater. This can be confirmed from the sediment
sample test results which show various gradations
between sand, clay, and silt.

The Dadap River at low tide will provide a supply of
sediment in front of the river mouth, which is then
carried away by long-shore currents during high tide
conditions, partly back into the river and partly towards
the pond and port trestle (See Figure 11). This
mechanism will occur when the wind and waves come
from the northwest and north.

To determine the effect of the port structure on the
coastal area that is experiencing erosion (southeast of
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Figure 12. Sediment transport before and after
the existence of Dadap port
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the port), 2" scenario is made, by eliminating the
whole port structure at Dadap beach, so that changes in
current patterns and trends of erosion/sedimentation
before the existence of the port can be known.

From the modeling results, it can be seen that there is
no significant change in current pattern and velocity
between conditions before and after the port existence,
but with an increasing tendency for erosion to occur
(See Figure 12). From this result, it can be concluded
that the increase of erosion rate at the south-east side
of the Dadap port is due to the disruption of sediment
transport caused by the presence of the port structure.
The sediment supply from the northwest that brought
by long-shore current is blocked by the port structure,
resulting in a reduction in the supply of sediment and
an increase in the rate of erosion.

5. Conclusion

1. The existence of port structure on Dadap Beach,
Indramayu Regency causes wave diffraction and
current circulation/ turbulence behind the port
which results long-shore current velocity reduced
significantly.

2. From the modelling results with the wave direction
from the north (Hs = 0.42 m, Tp = 2.93 s), the
average longshore current velocity behind the port
structure is reduced about 53.84% (from 0.117 m/s
to 0.063 m /s) and causes sediment to settle behind
the port structure.

3. The increase of erosion rate at coastal area south-
east from Dadap port is due to the reduced
sediment supply from the north-west which is
blocked by the port structure.
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