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1. Introduction

In Indonesia, a tidal bore exists in the Kampar
Estuary in the Pelalawan Regency, Riau Province.
The tidal bore passages are very destructive, as
shown by unstable shoreline erosion throughout the
river (Putra et al., 2017). The tidal-generated bore in
this area significantly controls the sediment transport
and turbulence, as Wisha et al. (2022) reported.
According to locals, the eroded riverbank areas vary
depending on season and wind direction.

This unstable and wunderestimated sediment
movement and behavior could threaten the local
community and settlement since they tremendously
rely on the riverbanks of the Kampar Estuary.
Therefore, a study estimating seasonal shoreline
erosion is crucial. A few studies predict the erosion
sedimentation in the area affected by a tidal bore, and
this aspect should be investigated. In this study, we
hypothesize that aside from being generated by a
sudden change in water level during the displacement
of ebb-flood tides, the other factors should play a
significant role in the propagation of tidal bores, such
as the monsoon system with respect to surface wind
energy transfers, thereby impacting the unstable
shoreline change in the study area. This study aims
to model the seasonal variability of tidal bore features
and estimate the possible eroded area throughout the
Kampar Estuary.

2. Materials and Methods

An integrated MIKE21 modeling system was used to
approximate the tidal bore features. A flow model
with a flexible mesh was chosen, considering the
depth-integrated Saint-Venant equation (Madsen et
al., 2005).
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The flexible mesh was generated from unstructured
triangular grids, set up with the shoreline and
bathymetry data, considering open and closed
boundary, characterized by tidal constituents and
recorded water level. The bathymetry data was
collected from Geospatial Agency of Indonesia,
webpage:
https://tanahair.indonesia.go.id/demnas/#/batnas,
combined with filed measurement previously
reported by Wisha et al. (2022). A NAO99D tidal
model was also simulated to supply tidal water
forcing during the simulation. On the other hand, the
record of water level data provided by the Agency of
Regional River of Sumatra III Pekanbaru was also
used.

Table 1. model validation using surface elevation data.

Observed area | RMSE R? Significance F
Estuary 0.33m 0.89 0.001

mouth

Estuary 0.038 m 0.96 | <0.05

River body 0.17m 0.87 <0.05
Upstream 0.11m 0.91 <0.05

A monthly 10m ERAS5 wind data (u- and v-
component) was employed to determine the wind
variation in the study area and included within the
model simulation, with a horizontal resolution of
0.25°. These data could be accessed via this
following webpage:
https://cds.climate.copernicus.eu/.

The model simulated should be validated before
using it further. In this case, we validated the model
using a field measured tidal bore data previously
established by Wisha et al. (2022), employing a root
means square error (RMSE) and linear regression-



associated ANOVA (analysis of variance), shown in
Table 1.

3. Results

The Kampar estuary is predominated by the mixed
tide with prevailing semidiurnal, where within 24
hours, there will be two floods and two ebbs
oscillating upstream, with different surface
elevations within one flood-ebb cycle. This state
impacts the tidal bore generation that exists in this
estuarine zone. Therefore, two bore passages
propagate upstream in one day, as shown in Figure 1.

In the estuarine zone (Figure 1A), the estimated tidal
bore height reaches 2.72 m during the first passage
and about 4.32 m during the second. The rapid
transitional change in velocity is also observed at the
end of the ebb tide. The longitudinal velocity V.
declines up to -0.45 m/s, indicating that the tidal bore
passage has commenced propagating upstream (flow
reversal). Meanwhile, the horizontal transverse
velocity V;, shows the same state whereby a rapid
reversal flow occurs with a magnitude reaching -5
m/s, indicating higher turbulence in the southern
river shoreline (riverbank).

The tidal bore height considerably decreases after
propagating about 46.12 m upstream by
approximately 1.75 m for the first bore passage and
2.71 m for the second propagation (Figure 1B) —the
rapid declines in longitudinal velocity V, and
horizontal transverse velocity V,, reaching -0.5 m/s
and -0.3 m/s, respectively. The magnitude was about
0.2 m/s lower during the first passage.

In the upstream area (approximately 50 km from the
estuarine zone), the tidal bore is no longer significant,
and the wave height is about 1 m during the two
passages (Figure 1C). The sudden increase in the
velocity magnitude does not reflect the hydraulic
jump anymore. The longitudinal velocity ranges
from -0.2 to 0.1 m/s, and the horizontal transverse
velocity ranges from -0.1 to 0.2 m/s. This state
indicates that the bore propagation is decayed due to
an upstream super shallow bottom morphology,
increasing the bottom friction, and hampering the
bore flow.
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Figure 1. The estimated tidal bore features within one
flood-ebb cycle in the estuary area (A), river body (B),
upstream (C), and the decay area (D)

The last area of observation is the place of tidal bore
decay. The tidal bore height is less than one meter,
and the turbulent velocity is very weak, ranging from
-0.11 to 0.2 m/s (Figure 1D).

Since the study area is situated near the equatorial
line, where the trade winds take place, apart from the
significant tidal bore influence, the monsoonal
variation of the wind regime could control the
erosion-sedimentation of the bottom morphology of
the Kampar Estuary. During the northeast monsoon,
the northeasterly wind predominantly moves toward
the southwest (ranging from 0 to 8 m/s) and vice
versa during the southwest monsoon (ranging from 0
to 5 m/s) (Figure 2).

Based on the hydrodynamic modeling approach,
simulated for 90 days, the sedimentation is observed
in the surrounding estuarine zones and upstream
during the northeast monsoon, with the bed level
change ranging from 0.5 to 4.9 m. At the same time,
the erosion is estimated in the eastern boundary,



behind Muda Island, and around the river body, with
a magnitude ranging from -1.6 to -4.9 m (Figure 2A).

102 102 102 102 103

Figure 2. The estimated bed level changes during the
northeast monsoon (A) and the southwest monsoon (B).

A different sediment movement is identified during
the southwest monsoon (Figure 2B). Even though the
bed level change is lower than in the other seasons,
the erosion-sedimentation pattern is almost the same.
The most noticeable significant augmentation of bed
level is identified in the front of Ketam Island,
reaching 3.85 m for 90 days of simulation. The other
bed level augmentation is observed in the northern
model boundary and the upstream area, ranging from
0.3 to 2.1 m. The erosion is found in the southeastern
model boundary, reaching -4 m. More interestingly,
the bed level change in the river body is not
significant during all seasons, ranging from -0.5 to
0.5 m. This state indicates no significant sediment
mixing and turbulence in this area. This state is
consistent with the lower tendency of the estimated
horizontal transverse velocity, reflecting less
shoreline erosion. According to Gemilang et al.
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(2018), the river body of the Kampar estuary is
predominated by a compacted coarse sediment type,
which is arduous to resuspend and be scoured by the
bore front.

4. Conclusion

With an arbitrarily turbulent velocity, the tidal bore
height decreases by about 1.5 m every 20 km
upstream. The sharp increase in the longitudinal and
horizontal transverse velocities is still observed up to
46 km upstream, with a gradual decrease of about one
m/s per 20 km upstream. Aside from the significant
influence of the tidal bore passages, the monsoon
system also plays a significant role in the bottom
morphological alteration in the study area, whereby
higher sedimentation occurs during the northwest
monsoon with a deviation of approximately 1 m
within 90 days of simulation. Significant erosion is
estimated on the eastern Mendol Island and behind
Muda Island. The stable bed level change is
identified in the river body, indicating a less
significant mixing and turbulence characterized by
compacted coarse sediment deposition.
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