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Abstract. Tanjung Kapal is a cape area located on Rupat Island and is
influenced by the oceanographic characteristics of the Rupat Strait. This
research was conducted in June 2022 to provide information about the level
of accretion on the coast of Tanjung Kapal from 2002 to 2020. The research
was carried out through two steps : 1) processing of secondary data using
Landsat Imagery Data, and 2) collection of sediment samples using a
sediment grab, along with oceanographic observations (currents, tides, and
waves) at the coast. Statistical calculations used to determine the accretion
rate at Tanjung Kapal included EPR (End Point Rate) and NSM (Net
Shoreline Movement), which are features of the DSAS (Digital Shoreline
Analysis System). The results showed that the accretion rate on the coast of
Tanjung Kapal ranged from 5.5 to 21.36 meters per year over the 18-year
period. The waves at Tanjung Kapal have a height of 0.12 m with a period of
2 s, and current velocity of 0.16 m/s flowing towards the northwest.
Accretion is thought to be due to a system of currents and waves flowing
along the Tanjung Kapal beach, which carries sediment and then accumulates
along the coast. Additionally, the coastal sediments, dominated by the gravel
sand fraction with a sand percentage of 57.97%, are derived from the Rupat
Strait by the current system.

1 Introducion

The coastline is defined as a boundary mark between land and sea area. It is a dynamic area
that changes naturally over time, and increased human activities are also one of the causes of
shoreline changes (Fuad et al 2022). Pressure on coastal areas can lead to abrasion and
sedimentation, which can impact the coastline. Physically, changes in the shoreline are
marked by the processes of abrasion and accretion. Abrasion occurs when coastal materials
are carried away into the open sea, while accretion happens when materials from the open
sea are deposited along the coastal area. Changes in the coastline can have an impact on
environmental conditions and the use of coastal land, making it necessary to monitor them
optimally (Suharyo and Hidayah 2019). Tanjung Kapal is an area with high human activity,
which puts pressure on shoreline changes. Activities in the Tanjung Kapal area include the
Tanjung Kapal port, which serves as the main port on Rupat Island and connects the island
to mainland Sumatra.
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The utilization of Geographic Information Systems (GIS) is one of the cheap and easy
methods for obtaining coastal dynamics data (Puspita et al 2021). The United States
Geological Survey (USGS) has developed a plug-in for GIS called the Digital Shoreline
Analysis System (DSAS) which uses an observation-based approach (Mulyadi et al 2022).
DSAS works by considering the created baseline and shoreline, allowing the distance
between them to help in calculating shoreline changes that are directly connected to attribute
data. Spatial data is often used to monitor coastal dynamics, including shoreline changes.
Coastline change data is useful for managing coastal areas, determining disaster-prone areas,
supporting the placement of sea lanes, and managing and developing coastal areas (Isdianto
et al 2020). Based on these observations, monitoring of shoreline changes can be one of the
ways to implement sustainable development and environmental protection.

Problems in coastal areas, especially changes in coastlines, require serious attention, as
they can impact planning and development activities that affect the welfare of communities.
The coastal area of Tanjung Kapal is suspected to have undergone various changes due to
different causes. Therefore, researchers feel the need to monitor changes in the coastline of
the Tanjung Kapal area, including sediment conditions and oceanographic parameters.

2 Methodology
2.1 Study location

This research was conducted in Tanjung Kapal in June 2022 (Figure 1). The research was
generally carried out in two stages: 1) processing secondary data from Copernicus Landsat
to observe changes in the coastline at Tanjung Kapal, and 2) sediment analysis and
measurement of oceanographic parameters.
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2.2 Coastline change analysis

Coastline changes were analyzed using the Digital Shoreline Analysis System (DSAS). The
DSAS software was used with two features, such as shoreline and baseline. Both of them to
create the transects perpendicularly from the baseline to the shoreline (Singh and Solanki
2022). The analysis included the rate of shoreline change i.c shoreline change envelope and
net shoreline movement. Two statistical calculations are used to analyze shoreline change
namely End Point Rate (EPR) and Linear Regression Rate (LRR).

This study used the DSAS plug-in at the ArcGIS Environmental System Research
Institute (ESRI). Secondary data on the Tanjung Kapal coastline was obtained from Google
Earth Pro (Copernicus Landsat images) for 18 years spanning from 2002, 2008, 2014, and
2020. All the statistical calculations in this study, only EPR and LRR were taken into
consideration for comparison and the calculation of the rate of erosion and accretion.

NSM

EPR = Time Beetween Oldest and Most Recent Shoreline

LRR is determined by fitting a least-squares regression line to all shoreline points for a
transect. The negative value of EPR, LRR, and NSM indicates a landward recession of the
shoreline, while a positive value denotes seaward migration (Nassar et al 2018).

2.3 Analysis of sediment samples and other oceanographic parameters

Sediment samples were collected at the study site using an Ekman grab with three
replications. The wet and dry analysis method was used to analyze the sediment samples.
Sediment samples that are easily decomposed were analyzed using a graded sieve, while finer
sediment particles were analyzed using the dropper pipette analysis method. The type of
sediment was determined by entering laboratory results in the form of % cumulative, %
passing, and % retained into Microsoft Excel for calculation. Shepard's triangle was used to
determine the type of sediment.

2.4 Slope analysis

The slope of the beach is obtained by measuring the depth (d) and the horizontal distance (m)
from the shoreline to a depth of d (Figure 2).

Fig. 2. Schematic of calculation of the coastal base slope
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Based on Figure 2, the equation for the slope of the beach base is obtained, namely:

d
B = arctan (E)

Percentage of slope(%) = Oi

45

2.5 Tidal analysis

Prediction data obtained from the research location in the waters of Tanjung Kapal were
processed using the Admiralty method. Tidal data was obtained through the website provided
by the Naval Hydro-oceanography Center (Pushidrosal).

3 Results and discussion

The shoreline at Tanjung Kapal has undergone accretion, with shoreline additions ranging
from 5.5 to 21.36 m/year based on the EPR value (Figure 3; Table 1). This finding is
consistent with previous research, which reported that accretion is the most common process
in the coastal area of Rupat Island, particularly in Tanjung Kapal (Puspita et al 2021). The
changes in shoreline at Tanjung Kapal are believed to be caused by oceanographic dynamics
in the waters of the Rupat Strait. These dynamics are characterized by regular fluctuations in
sea levels, which can affect coastal geomorphology and currents, as well as by sea waves,
which are related to sea water inundation and sediment transport along the coast. The major
contributing factor for formation of the accretion is the amount of lithogeneous sediment
discharged from the hinterland of Rupat Island and Sumatra to Rupat Strait including to the
coastal area (Rifardi and Badrun, 2017).

The Rupat Strait undergoes geomorphological processes that result in changes in its
shape, including widening and narrowing, and changes in depth. These processes are caused
by abrasion and sedimentation, leading to accretion on the coasts of Dumai City and Rupat
Island, which are located around the Rupat Strait (Rifardi et al 2021). These changes in the
Rupat Strait have a significant impact on the coastline changes in Tanjung Kapal.
Specifically, the sedimentation process in the Rupat Strait has caused the Tanjung Kapal area
to experience accretion. In addition, the coastal area of the Rupat Strait received sediment
from the coastal erosion and supply of material from the two major rivers, such as Dumai
River and Masjid River (Girang and Rifardi, 2014). The sediments from the Dumai River
Estuary were distributed as far 4.24 km toward the western part of Rupat Strait during the
low tide and the concentration of sediments ranged from 8 to 120 mg m-3. In other hand,
during the high tide, the sediments were distributed toward the eastern part of the strait as far
as 4.40 km from the estuary (Rifardi et al 2020).
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Fig. 3. Shoreline changes in Tanjung Kapal

Table 1. Shoreline changes in Tanjung Kapal

Transects SCE NSM EPR LRR
(m) (m) (m/yr)
1 483.64 98.87 5.50 -3.13
2 573.29 212.28 11.80 1.05
3 61091 188.95 10.50 -0.75
4 538.90 153.14 8.51 -1.34
5 643.69 177.83 9.89 -0.18
6 52591 218.31 12.14 2.14
7 518.48 262.64 14.60 4.48
8 534.10 235.74 13.10 2.87
9 496.88 329.67 18.33 8.19
10 693.15 248.47 13.81 0.85
11 764.00 284.59 15.82 1.48
12 726.55 311.70 17.33 3.46
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13 693.02 318.92 17.73 4.38
14 632.60 267.20 14.85 2.80
15 662.97 275.74 15.33 2.72
16 699.17 268.81 14.94 1.77
17 660.80 266.96 14.84 2.32
18 638.60 295.90 16.45 4.14
19 666.87 230.28 18.92 5.89
20 775.44 283.75 15.77 1.25
21 813.11 245.25 13.63 -1.31
22 808.69 262.27 14.58 -0.38
23 750.04 334.90 18.62 4.23
24 737.97 157.29 8,74 -4.45
25 772.48 384.18 21.36 6.70
Information :

SCE = shoreline change envelope, NSM = net shoreline movement, EPR = End Point Rate, LRR =
Linear Regression Rate

3.1 Characteristics of sediment at Tanjung Kapal

The sediment found on the Tanjung Kapal beach is of the gravel sand type, with a percentage
0f 57.97% sand (Table 2). The dominance of gravel sand particles in the Tanjung Kapal area
is thought to be due to the pressure experienced in the coastal area. The research conducted
in the area shows that the tidal area in Tanjung Kapal is included in the wide intertidal area,
which affects the size of the sediment at the study site. This is supported by (Kalay et al
2018), which states that if the beach has a wide intertidal area, the grain size and texture of
the sediment will be smoother.

The distribution of sediment is also affected by the movement of water masses. The speed
and direction of the current can determine the content and distribution pattern of the sediment.
Currents play a role in moving sediment, eroding, and stirring up sediment in the water
(Nurainie and Wiyanto 2021). The current speed at Tanjung Kapal is only around 0.16 m/s,
which means the current is classified as not too strong. The weak current causes sediment
deposition around Tanjung Kapal, where the deposited sediment is of small size. Waters with
weak current velocities are characterized by finer sediment sizes.

Table 2. Analysis of sediment fraction at Tanjung Kapal

.
O Fractio | ge BE;G o0 | Fractio Fra‘ﬁion %0 cm_q/loulat
n -1ve
1| Gravel | 047 | 2456 | 2400 | 2409 | 2987 | 2987 | 2987
0 048 | 1481 | 1433 17,77 | 47,64
I 052 | 866 | 814 10,09 | 57,74
> | sand | 052 2162 | 21,1 | 4675 | 5797 | 2617 | 83,90
80,64 | 3 051 | 320 | 2,69 334 | 8724
4 052 | 101 | 049 061 | 8785
5 051 | 055 | 0,04 005 | 87.90
6 | Mud | 052 055 | 003 | 98 12,05 | 004 | 87,93
7 044 | 046 | 0,02 002 | 87.96
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Sub
Total 4,49 75,42 70,93 12,04 100,00
>17 Mud 0 0 9,71

TOTAL 80,64 | 80,64 100 100,00

The waves are capable of moving or transporting material from offshore to the coast,
resulting in an accretion process of material on the shoreline (Suharyo and Hidayah 2019).
Wave measurements in the field obtained a wave height of 0.12 m with a wave period of 2
seconds.

3.2 The topography of Tanjung Kapal Beach

The slope of Tanjung Kapal beach is categorized as flat with a value of 0.197%. This type of
coastal slope is believed to be related to the condition of a wide intertidal area in the coastal
zone (Kalay et al 2018). Changes in the coastline can occur if the geomorphological processes
that occur in the coastal segment exceed the normal processes (Rifardi et al 2020).

3.3 The influence of sediment characteristics, topographical conditions and
oceanography on accretion rates at Tanjung Kapal

Tanjung Kapal is an accretion coast based on the results of Copernicus Landsat imagery data
processing for the period 2002, 2008, 2014, and 2020. An accretion coast means that the
transport of sediment from the sea to the coast is greater than that of sediment transport from
the coast to the sea (Octaviana et al 2020).

The current pattern at Tanjung Kapal belongs to the current pattern parallel to the
shoreline (longshore current). When incoming waves form an angle, a longshore current
flows parallel to the shoreline due to different hydrostatic pressures (Suharyo and Hidayah
2019). Longshore currents generally cause sedimentary material to be deposited around the
shoreline (Puspita et al 2021).

The tidal type in the Tanjung Kapal area is known with the Formzahl value of 0.3846,
which indicates a dominant mixed tidal pattern (mixed tide prevailing semi-diurnal), where
there are two high tides and two low tides occurring in a day, but for a while it occurs only
once for both high and low tides, with different heights and periods. The values of the tidal
harmonic components can be seen in Table 3.

Table 3. Tidal harmonic component value
Mz Sz Nz Kz K1 01 P1 M4 MS4 SO
Amplitude | 0,35 | 0,17 0,12 0,23 0,05 0,15 0,01 0,04 | 0,04 | 1,67

Diff:
IPS;ZZ“ 1835 | 14,18 | 147.24 | 161,90 | 33,11 | 264,58 | 256,68 | 57.79 | 26.40

4 Conclusion

Based on the research conducted, it was found that Tanjung Kapal experienced an accretion
rate ranging from 5.5 to 21.36 m/year during the period of 2002-2020. The accretion that
occurred in Tanjung Kapal was believed to be due to the oceanographic dynamics in the
Rupat Strait that caused sediment deposition in the area. The weak current resulted in the
deposition of fine-sized sediment, namely gravel sand with a sand percentage of 57.97%.
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