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Abstract

The sedimentation and erosion of Manikin Estuary is analysed using numerical
model DELFT3D. The model simulates the influence of river flow and coastal
wave to induce the transport of sediment. The river flow is obtained from
automatic water level data and suspended sediment is measured on site. The wave
is hindcasted using spectral wave model SWAN with forcing from ERA 5
Reanalysis Data. The model is calibrated by comparing the coastline change from
the model and satellite imagery. The simulation scenarios consider the
combination of river discharge and waves condition in east season and west
season. The simulation shows in the west season the dominant influence from high
waves produces considerable erosion and sedimentation in the estuary and coastal
areas, while high river discharge during the wet season has more influence on
sedimentation and erosion in the river. Meanwhile, in the east season, the
dominant influence from waves results in sedimentation and erosion that
predominantly occurs in coastal areas even though the waves are relatively lower
than the west season.
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INTRODUCTION

The river estuary as the downstream part of the river that is
directly adjacent to the sea is a place of discharge
accumulation from the river and the tidal processes.
According to its function, the shape of the estuary must
fulfill the function of a series of hydrodynamic processes
in the coastal area. [1,2]. In addition, estuaries provide
many benefits for communities and coastal ecosystems.
Problems in the estuary area are one of the challenges in
efforts to manage and utilize the estuary in supporting
coastal ecosystems [3]. Sedimentation-erosion is one of the
problems that have a major influence on estuarine and
coastal ecosystems. Solid particle movement or sediment
transport is a complex problem of bedform formation and
migration that can affect circulation and water quality[4,5].
The hydrodynamic cycle and sediment transport of
estuaries and coasts are influenced by waves, tides, and
river discharge [6,7].

Sediment transport and erosion are critical natural
processes that affect the dynamic activities of coastal areas
and estuaries [8]. Such is the case of the Manikin coastal
area, Kupang, East Nusa Tenggara. The Manikin Estuary
and Beach area, located in the southwest of Timor Island in
the semi-enclosed Kupang Bay region, has unique estuary
morphological characteristics. The dynamics of river flows
carrying sediments from upstream to downstream, as well
as wave conditions and currents influenced by the west and

cycles that show indications of shoreline changes, and
erosion and sedimentation at the mouth of the estuary that
cause siltation. Sediment deposition and shoreline changes
due to accretion and erosion are phenomena that have
significant impacts on coastal and estuarine ecosystems,
infrastructure and socio-economic activities.

This process requires further studies, not only field
observations, but also numerical modeling approaches.
Numerical modeling to analyze the level of erosion and
sedimentation that occurs in estuaries and beaches, as well
as the relationship between accumulated discharge from
rivers, tidal currents, and waves is one approach that can be
taken in integrating the relationship between these factors
to the resulting sedimentation and erosion into an
alternative that can be used in this study. This model is
certainly not only for the study of analyzing the level of
erosion and sedimentation that occurs, but is expected to be
an initial step to support further studies in the future both
in predicting changes in estuary morphology and strategies
in conducting good and accurate mitigation. In
representing the model according to the conditions in the
field, of course, the model carried out requires an accuracy
test to approach the actual conditions.

Delft3D modeling is one of the numerical models that
has been widely recognized and used by many researchers
in conducting studies related to coastal engineering,
especially in simulating hydrodynamic processes and

. X changes in estuarien and coastal morphology
east seasons are quite complex coastal hydrodynamics [9,10.11,12,13,14]. The Delft3D numerical model
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integrates the behavior of changing tidal currents, wave
direction, sediment concentration and accumulated river
discharge to simulate the dynamics of sediment transport
and erosion patterns in the Manikin estuary and beach.
Numerical models are very suitable in helping us to
analyze, and estimate hydrodynamic cycles, erosion and
sedimentation patterns, and sediment transport in an area at
any given time [15].

Delft3D-Wave module as one of the modules used in
the wave evolution model both in calculating propagation,
generation by wind, and dissipation of wave energy [16].
Delft3D-Wave performs well in simulating waves as
applied in Indonesian seas, such as in the sea of
Banyuwangi and Bali in research to calibrate wave models
with measurement data. [17]. In addition, Delft3D-Flow is
also one of the other modules used in hydrodynamic
simulations related to current phenomena and sediment
transport by tides [18]. The use of Delft3D-Flow in
sedimentation and erosion transport studies in Indonesia
has also been widely used such as in sedimentation studies
in the Ciletuh River Estuary, Sukabumi [19]. The Flow
module is usually combined with the wave module in
analyzing sediment transport that occurs in the estuary by
considering the influence of river inflow, tides, and ocean
waves. However, there are also many studies that only
consider currents in sediment transport. As explained
earlier, the use of Delft3D is very helpful in analyzing
sedimentation, erosion, and morphological changes of
estuaries and coastal areas.

RESEARCH SIGNIFICANCE

This research aims to model sedimentation and erosion that
occurs in estuaries and beaches with the help of Delft3D
application. The results of the study will be analyzed and
aim to provide an overview of the level of erosion and
sedimentation that occurs, identify erosion points within
the study site domain boundaries and the influence of
waves, tides, and discharge. In addition, testing the
performance of the model created in representing the
conditions that occur at the study research.

METHODOLOGY

This research has three objectives, the first is to analyze the
level and points of sedimentation-erosion that occur based
on visuals from the numerical model conducted. The
second objective is to calibrate the model to assess its
accuracy and performance. The third objective is to analyze
the influence of waves, tidal currents, and river discharge
in the sedimentation and erosion processes generated based
on current with wave and current without wave model
scenarios. In addition, this study also modeled erosion and
sedimentation in the west and east seasons to see
sedimentation and erosion patterns in different seasons.

A. RESEARCH
COLECTION

The study site in this research is at the Manikin River
Estuary, Kupang, East Nusa Tenggara.

LOCATION AND DATA
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N
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Figure 1 Research Location

This study used primary and secondary data. Primary
data consisted of bed load (dso), suspended load
concentration (TSS), and topographic measurements of
Manikin Estuary and Beach. Meanwhile, the secondary
data used is the 2024 wave data sourced from ERA 5-
Reanalysis European Centre for Medimum-Range Weather
Forecasts (ECMWF) with a resolution of 3.00 x 2.00
consisting of significant wave heights (Hs) per hour, peak
period, wave direction, speed, wind direction and surface
pressure [20]. In addition, bathymetric data was also used
for the study location, and lidar data for the Manikin River
obtained from the Geospatial Information Agency [21].
The discharge data used as input for the Delft3D model is
the daily AWLR (Automatic Water Level Recorder)
discharge data obtained from the Nusa Tenggara Il River
Basin Office (BWS NT-I1). The tidal data used is tidal data
from the Delft Dashboard June-December 2024, and tidal
data from the BMKG Tenau Station obtained from SRGI
BIG which will be used as calibration data with the Delft3D
tidal model [22].

B. WAVE MODEL SET-UP

The wave model uses the Delft3D-Wave module in the
Delft feature which uses SWAN waves which are the 3rd
generation. SWAN waves in this study are very helpful in
computing models on curved grids, plus coupling between
Wave and Flow models. SWAN wave output from model
computation can be in the form of one- and two-
dimensional wave spectra [16].

Computation of the SWAN model in Delft3D using the
equation [16,23] :
%N+%CXN+;—ycyN+%CUN+;—969N=§ )
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 term represent propagation of action
in geographical space (with propagation velocities cx and
cy in x- and y-space, respectively). The fourth term
represents shifting of the relative frequency due to
variations in depths and currents (with propagation velocity
Cco in o-space). The fifth term represents depth-induced and
currentinduced refraction (with propagation velocity c6 in
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6 -space).. The term S (= S(o; 8)) at the right-hand side of
the action balance equation is the source term in terms of
energy density representing the effects of generation, i
dissipation and non linear wave-wave interactions [16]. =
Wave modeling processed by downscaling using 3
different grid levels. The wave data from ERA5-Reanalysis
is used to generate wave height output at locations with !
smaller and finer scale grid levels. (level 3 grid in the
estuary section). o
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Figure 3 Bathymetri of Wave Model
Table 1 Describe of Grid Model
Grid Size and Resolution Boundary Condition Description

. 3.0°x2.0° ] o

Grid Level 1 ECMWF Wave Height and Wave Period in 2024
(0.023° x 0.023°)

) 1.0°x 1.0° Wave Height and ) )

Grid Level 2 ) Downscaling from Grid level 2
(0.01°x 0.01% Period

) 0.2254° x 0.0445° ) .

Grid Level 3 Downscaling from Grid level 3
(0.00224°x 0.00224°)

C. FLOW MODEL SET-UP

2 1 A@HOUGy)
The current model in this study uses the Delft3D-Flow at  \[Geg\[Gyy 0§
feature which is used in the computation of tidal currents
. . o ' a((d+)V [Cer
and sediment transport in the Manikin estuary and coastal, ! (drovyleo) _ d+9e 3

and its morphological changes. This Delft3D-Flow model Vo Gm on

uses the depth-averaged continuity equation for an
incompressible fluid [18]:

Vu=0 2

With the kenematic boundary conditions at the water
surface and seabed described as follows:

U and V are the average velocity with to depth for the
velocity vector u, d is the depth below the reference point,
¢ is the elevation of the free surface from the reference
point. \/G¢¢ and ,/G,), is the correction to the curvelinear
coordinates. Where & and n are spatial direction for the
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curvelinear coordinate system. The momentum equations
for the & and n directions are presented as follows:

a_u u 6_u+ v du vZ  9/Gyy

Jegz 08 Jom on ﬁﬁ %

w__ 0T
T VS T TR M @)
and
a—"+—“—"—"+"ﬂ+—ﬂ’——ava””+

T o oo o

v oJTE

B, + F, + M,

i M L ©)

With P ,, is the pressure gradient, Fe, is the force due to
Reynold's stress and M, is the contribution of external
forces (wave, source and sink).

This study uses the Delft3D-Flow feature to compute
the current wave model in sediment transport by coupling
with Delft3D-Wave based on ERAS5-Reanalysis wave
height data [16,21].

The basic sediment transport equation for non-cohesive
sediments uses the following equation:

B dso 1.2 ety 1.5
qp = 0.015psuh( . ) (7[(5_1)91150]0_5) (6)

Where ps = sediment density, d50 = median of grain
diameter, u = average velocity, h = water depth, ue =
average velocity with wave influence, ucr = critical
velocity of sediment grains, s = specific gravity of sediment
grains and g = acceleration of gravity. Suspended sediment
is calculated at the reference point with the Van Rijn
equation (1984) as follows :

= 0015"5” @)

*

Where is ca = sediment concentration at reference point a
with maximum value 0.05, D, = ds,[(s — 1)g/v?]Y3, v =
water viscosity and T = bed shear stress parameter. Erosion
and deposition of suspended load are calculated based on
the following equations:

D = wsc, (8)
and
E=e ©

Dimana D = depotition flux, ws = sediment fall velocity, E
= erosion flux, &5 = coefficient of sediment diffusion dan

% = sediment concentration gradient with depth calculated
based on rouse profile.

Cohesive sediments were calculated based on the equation
of Partheniades-Krone (1965):

E=M(T‘:—W—1);TCW> Ter (10)

Ter

D = wgcy (1 - TTCT‘:’), Tow < Ter (12)

Where E and D = flux of erosion and deposition of cohesive
sediment, M = sediment erosion parameter, 7., = shear
stress due to currents and waves, ws = fall velocity of
sediment particles and cb = bed load concentration.
Morphological changes were calculated based on sediment
balance (Exner equation) for each sediment fraction:

(13)

Figure 4 Boundary Condition of Flow Model
Table 2 Tidal Components Model

Tidal Amplitude Phase Formzahl
Component (m) (deg) Numbers
M2 0.7766 75.1751
S2 0.4013 123.5049
N2 0.1363 56.3114
K2 0.1100 124.5936
K1 0.2715 175.6801
o1 0.1672 164.5927
P1 0.0847 171.6652 0.3724
Q1 0.0392 158.0827
MF 0.0126 8.9566
MM 0.0067 8.7930
M4 0.0039 309.2091
MS4 0.0095 51.4821
MN4 0.0023 344.0642

The value of the tidal component is obtained from the Delft
Dashboard and then the determination of the tidal type
based on the Formzhal number of 0.37 (0.25 < F < 1.5)
indicates that the type of tide that occurs at the study site is
Mix Tide Prevailing Semi Diurnal.

D. MODEL CALIBRATION
1. Hydrodynamics Calibration

This study calibrates hydrodynamics for tides from
DELFT3D modeling with tides recorded by BMKG Tenau
Kupang to test the accuracy of the model. calibration
carried out on August 12 - August 23, 2024

292 Journal of Civil Engineering / Vol. 40 No. 3/ November 2025



JOURNAL OF
CIVILENGINEERING

ISSN 2086 - 1206 E-ISSN 2579 - 9029

Tide Comparison

The Delft3d modeled tides showed good criteria for
NSE calibration, good enough for RMSE calibration, and
very good for MAPE calibration. This indicates good

= validation of the model in interpreting the conditions
=z occurring at the study site.
2
§ 3/08 2. Shoreline Calibration
[«5)
[, In addition to the tidal calibration, a qualitative
calibration was also conducted by comparing the delft3d
- model shoreline to see the continuous pattern of change
Time (Day) against shoreline changes from Sentinel-2 and Landsat-9
images. In this research, Sentinel satellite images were
MODEL BMKG TENAU obtained by Copernicus [24], while Landsat-9 was
Figure 5 Calibration Tide obtained from USGS [25]. In addition, it also uses the help
o ] of CoastSat in generating the coastline.This is an
Table 3. Calibration of tide alternative in testing the accuracy of the model due to data
Calibration Tide model Category limitations, where there is no measurement data on
morphological changes in estuaries and coastal in the
NSE 0.887 Good concept of time series or with different times as a reference
RMSE 0.203 Good enough for calibrating morphological changes.
MAPE 1.212 Very Good
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Figure 6. (a) Comparison of Delft3D Model Shoreline with Sentinel-2 Shoreline, (b) Comparison of Delft3D Model
Shoreline with Landsat-9 Shoreline

Figure 6(a) shows the results of qualitative calibration
between Delft3D modeling shoreline changes and actual
Sentinel-2 satellite image data. The comparison of
shoreline changes was carried out at two different times,
from June to November 2024, where the time chosen
adjusted to the time of availability of mind data with good
Sentinel-2 resolution and avoided noise such as cloud
cover, etc. Comparisons were made at critical locations that
experienced significant shoreline changes. Based on the
results of the qualitative comparison, it shows that the
model is able to show the suitability of spatial shoreline
change patterns. In addition, the selection of the modeled
elevation 0 contour, which is the Delft3D coastline, shows
the positional conformity of the modeled coastline to the
sentinel-2 image coastline. However, there are still
significant local differences from the modeled coastline
when compared to the image data. Similar to the
comparison with the Sentinel-2 image, Figure 6(b) shows

the qualitative calibration of the Delft3D model coastline
with the Landsat-9 image. The model shows a pattern that
is quite consistent with the Landsat-9 image data, although
there are still differences between the model and the image
coastline. Qualitatively, the Delft3D model is able to map
the general trend of shoreline change, although the visuals
of the model's shoreline tend to be smoother, showing more
linear shoreline changes compared to Sentinel-2 and
Landsat-9, which show more complex changes. This is due
to the spatial accuracy, and readings of the imagery that
tend towards short wave dynamics, as well as tidal change
patterns. The author only explains the changes in the
manikin coastline based on the delft3d model, where there
was an average accretion of 1.10 m and an average erosion
of 6.21 m during the modeling period from June to
November 2024. These changes were averaged based on
each coastline change transect point.
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RESULTS AND DISCUSSIONS

A. WAVE CHARACTERISTICS

Monitoring
Point

| east|

SIGNIFK
HEIGHT (m)

SouT™H

Figure 7. wave roses at the study research (estuary grid/ level 3 grid)

Figure 7 above is a wave rose showing the wave height
for the incident direction of the Delft3D-Wave model in the
simulated estuary grid area according to the Delft3D-Flow
simulation time. For the boundary conditions (Figure 7),
the dominant waves are from the southwest to northwest
with wave heights of 0.00 - 1.80 m, while the waves are
from the south with heights of 0.00 - 1.60 m. The wave

hsig wave

2021

vector (mean direction)
lun-2024 00.00.00

boundary conditions are downscaled to show the wave
heights from the south. This wave boundary condition was
downscaled to describe the wave scale through grid nesting
at three different grid levels to draw more specific wave
heights at the study site in the finest grid domain (estuary
grid/ level 3).

¥ coordinate (km) —»

L
hsig wave height (m)
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Journal of Civil Engineering / Vol. 40 No. 3/ November 2025 295



=)

JOURNAL OF
CIVILENGINEERING

ISSN 2086 - 1206 E-ISSN 2579 - 9029

¥ coordinate (km) -

E

§

¥ cootdinate (km)

g

875

¥ coorsnate (km) —»

hsig wave vector (mean direction)
10-Jun-2024 06 0000

560
x coordinate (km) -

haig vector 10-Jun-2024 06.00.00

L 1
&1 72 573 674 675 676 17
x coordinate (k) —

(b)

hsig wave vector (mean drection)
25-Jun-2024 06.00.00

1
678

Eed T T e e T T
YR e e

VA i S . D o
A A e o

x coordinate (km) —

haig vector 10-Jun-2024 06.00.00

72 A R =|
2 2 AP W
iy . .
7' AN 1
i/ 7 Wil 4
P L
1 )
25 \
.
L7 8 o
/8 -
2 t
AN EPNRE
A hiBe | g 1
540 550 550 70 580

haig wave height (m)

57 &2 &73 574 575 5% 7
x coordinate (km) —»

(©)

haig wave height (m)

3 o =5 = = = - - = X
> = < = 2
haig wave height (m)

haig wave hesght (m)

Figure 8. (a) Wave Direction from Southwest, (b) Wave Direction from West, (c) Wave Direction from South
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Based on the modelling, the wave height in the study area
tends to be low compared to high seas with wave heights
ranging from 0.00 - 150 m. Figure 8 shows the
characteristics of calmer waves and smaller energy the

closer to shallow water. The small wave height towards the
shallower seabed shows the influence of shallow sea water
on wave energy and height.

Significant Wave Model in Research Location (2024)

1.6
E 1.2
%OB
o
0.4
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Time (Day)

Figure 9. Significant Wave Height at Grid Level 3 Estuary

B. TIDE AND FLOW CHARACTERISTICS

03-Jul-2024 00:00:00

=)
water level (m)

560 565 570 575 580 585
x coordinate (km) —

Deep Averaged Velocity 03-Jul-2024 00:00:00

8882 05

8881.5

8881

y coordinate (km) —

)

8880.5

8880 02

5715 6572 5725 573 5735 574 5745 575 5755 576 5765
x coordinate (km) — 0.1

@ '

03-Jul-2024 07:00:00

+ 88861

8882

y coordinate (km)
o
water level (m)

8880

8876 -1
560 565 570 575 580 585
x coordinate (km) —

Deep Averaged Velocity 03-Jul-2024 07:00:00

y coordinate (km) —»

n ' ' s L " i
5715 572 5725 573 5735 574 5745 575 5755 576 5765
x coordinate (km) — 0.1

(b) '

Figure 10. (a) Current Conditions at High Tide, (b) Current Conditions at Low Tide.

Figure 10 shows the modeling results, illustrating the
relationship between the direction and fluctuations in
current velocity based on the tidal patterns that occur and
the back-and-forth movement of the currents. In Manikin
seas, during the transition from high tide to low tide, the
current velocity decreases until it reaches a turning point.
When the tide begins to rise, the current increases again
towards the estuary and river, reaching its maximum at the

peak of the tide, then weakening again as it turns to low
tide. In the river channel, the current velocity during low
tide is relatively high because the flow moves from the
river to the sea. Conversely, at high tide, the current speed
is smaller due to the convergence of the incoming sea flow
with the river discharge. The current speed in the waters
around the estuary ranges from 0.01 to 0.16 m/s with a
tidal range of 1.50 m and -1.50 m. The current velocity in
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the upstream area from the estuary to the mouth of the
estuary is around 0.10-0.80 m/s. This shows that the
current velocity tends to be smaller the closer it is to the
seabed, which indicates the influence of shallow seawater
on current velocity fluctuations.

C. EROSION / SEDIMENTATION
MORPHOLOGY CHANGES

Erosion/sedimentation modeling was conducted on
June 1 - December 2, 2024 based on the sampling time of

AND

bed load and suspended load concentrations, as well as
topographic measurements of the Manikin Estuary and
Coastal in August 2024.

Simulation shows that in the upstream area of the
estuary there is erosion of 0.00 - 0.40 m and sedimentation
of 0.00 - 0.30 m. Erosion and sedimentation are more
concentrated in the estuary area and around the coast. The
erosion that occurs is 0.0-0.60 m and sedimentation is 0.0 -
0.70 m.
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Figure 11. Estuary and Coastal Erosion/ Sedimentation Modeling Results

The condition of the estuary along the winding coast causes
sediment carried by the current to accumulate more at the
mouth of the estuary. In addition, the direction of incoming

waves that are not perpendicular to the position of the
beach affects the sediment transport process that occurs at
the study location.

Bed Level Changes

elevation (m) —
w
T

Start Time of Modeling
Mid-Time Modeling
End Time of Modeling

L
0 500

L
1000 1500

distance along cross-section m=80 (m) —

Figure 12. Estuary and

D. THE INFLUENCE OF WAVES AND CURRENTS
ON EROSION/SEDIMENTATION IN ESTUARIES
AND COASTAL

The effect of waves and currents on sedimentation
and erosion in this study was analyzed with a model

Beach Bottom Changes

scenario in the form of modelling without waves (Delft3D-
Flow) which was compared with the results of the Delft3D
Flow-Waves 01 June — 02 December 2024 previous results
in figure 10.
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Figure 13 (a) Delft3D Flow + Wave Erosion/Sedimentation Model, (b) Delft3D Flow Erosion/Sedimentation Model

Based on erosion and sedimentation modeling scenarios
focused on estuaries and coastal areas in analyzing the
influence of waves, tides, and river discharge on sediment
transport processes, the results show that:

1.

The coupling simulation of Delft3D-Flow and
Delft3D Wave results in a wider and more even
sediment distribution process, and the resulting
accretion-erosion pattern is more complex. The
presence of wave influence enlarges sediment
transport in the estuary and beach area, thereby
reducing sediment deposition in the estuary due to
wave influence which causes sediment transport to be
more widespread along the coastline..

2.

The Delft3D Flow simulation without considering the
influence of waves shows morphological changes that
are more concentrated around the river mouth. It can
be observed that sediment distribution is more
limited, driven only by tidal effects and river
discharge accumulation. As a result, changes
occurring in the upstream and estuary areas are more
significant compared to Scenario 1. The higher levels
of erosion and sedimentation in the upstream area,
caused by river currents, are directly proportional to
the erosion and sedimentation in the estuary and
coastal areas, due to the absence of wave energy
influence in the sediment transport process.

E. EROSION AND SEDIMENTATION MODELING IN WET AND DRY SEASONS
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Figure 14 (a) Time Series of Significant Wave Height on western season and eastern season, (b) Time series of
Manikin River flow discharge on west season and east season

Sedimentation and erosion models were conducted in the
west (wet) and east (dry) seasons with a modeling time
duration of 1 month for each season. This modeling aims
to determine the characteristics of sedimentation and
erosion that occur in different seasons, and also to see the
level of erosion-sedimentation that occurs in both seasons.
This erosion-sedimentation model adapts to the wave
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Figure 15 (a) Erosion and Sedimentation on West Season, (b) Erosion and Sedimentation on East Season
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Figure 16 (a) Total Transport of Sediment on West Season, (b) Total Transport of Sediment Erosion and Sedimentation
on East Season.

The figure shows that during the wet season (west season),
erosion and sedimentation are quite high compared to the
dry season (east season). The high waves around the

estuary and the large discharge during the wet season are
very influential in sediment transport. Sedimentation and
erosion along the coast are generally more influenced by
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high waves in the wet season. The erosion trend varies,
with the beach being 0.10 - 0.60 m thick. Erosion occurs
not only in the estuary and Manikin beach, but also in the
northeast and southwest of Manikin Beach. The
sedimentation varies from 0.10 - 0.50 m. Similar to erosion,
sedimentation generated in the model also occurred in the
northeast and southwest of the study site. Erosion and
sedimentation trends that occur in the wet season are
generally influenced by relatively high waves for coastal
areas and flood discharge during the rainy season which
causes high erosion and sedimentation in river sections.
The small discharge and relatively low waves during the
dry season show smaller sedimentation and erosion
compared to the wet season. The total sediment transport
in the wet season modeling period ranges from 0.00001 to
0.6550 kg/s/m (after conversion with density). Figure 14
(b) shows sedimentation and erosion occurring in the
estuary and beach, indicating that the event was more
influenced by ocean waves even though the dry season
wave height was smaller than the wet season. Erosion is
0.10 - 0.30 m thick and sedimentation is 0.10 - 0.30 m
thick. Sedimentation and erosion that tend to occur in the
estuary area are also caused by the winding coastal
conditions, so that sediments carried by currents along the
coast accumulate at the mouth of the estuary, and at the
same time these conditions are also subject to scouring by
currents along the coast The total sediment transport in the
dry season modeling ranged from 0.00001 to 0.39620
ka/s/m (after conversion with density) . This was influenced
by the small river sediment supply, so that the sediment
transport supply process was more dominated by wave and
tidal factors.

CONCLUSIONS

Research aimed at modeling erosion and sedimentation in
estuaries and manikin beaches using the Delft3D
application shows varying trends. Based on the results and
discussion, it can be concluded that the model indicates
more accumulated erosion and sedimentation in the estuary
and coastal areas, as the outflow of river sediment supply,
alongshore currents, and wave action. These factors
contribute to dominant sedimentation and erosion
processes in the estuary and coastal zones. The model
shows changes in the coastline during the modeling period
from June to November 2024, where the average erosion
and accretion on the coastline is 6.21 m and 1.10 m. The
model output in the form of tidal predictions shows good
calibration in representing the conditions at the study site,
with NSE value of 0.887, RMSE of 0.203, and MAPE
indicating an error rate of 1.212.

The scenarios developed to analyze the influence of waves
and currents (tides and river discharge) indicate that the
current model without considering wave influence results
in erosion and sedimentation that are more concentrated
around the estuary, due to limited sediment distribution
driven only by tidal currents and river discharge. In the
current and wave model scenario, wave energy enhances
sediment transport, preventing accumulation around the
estuary and causing the sediment transport to spread more
widely beyond the estuarine area.

Erosion and sedimentation that occur during the wet season
are influenced by the high waves of the west monsoon
which are dominant to sedimentation and erosion on the
beach, and large flood discharge during the rainy season so
that erosion and sedimentation in the river are quite large
with a thickness of 0.10 - 0.60 m for erosion and 0.10 - 0.50
m for sedimentation. The dry season shows erosion and
sedimentation that is more influenced by the east monsoon
sea waves, although it is lower than the wave height during
the wet season. Erosion that occurs during the dry season
has a thickness of 0.10 - 0.30 m, and sedimentation that
occurs has a thickness of 0.10 - 0.30 m.
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