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The Kanal Banjir Barat (KBB) located in Jakarta crosses seven kilometers from Season
City Jakarta to Kali Adem Estuary in the north of Jakarta, which is dominated by the
organic with the median diameter of cohesive sediment ranges from 0.001 to 0.01mm.
As an artificial channel through which river water travels from upstream to downstream
of the sea, the Kanal Banjir Barat must be preserved to prevent sedimentation from
reducing its width and depth. This research aims to present an analysis of cohesive
sediment simulation using a numerical model and present the sedimentation deposition
using the Non-Orthogonal Boundary Fitted (NOBF) model. Important parameters such
as critical shear stress and settling velocity are also considered in this model. The best
value for friction coefficient after trial and error for calibration is 0.001, resulting in a
Root Mean Square Error (RMSE) for the water level of 0.0373 and 0.02 with Nash-
Sutcliffe Efficiency (NSE) of 0.45 and 0.55, respectively. Based on the findings from the
calibration and validation processes in both dry and wet seasons, it is evident that the
models show good comparisons with field observation data. Model deposition simulation
with excellent simulation results will run for four years, from December 2022 until

December 2026.

1. INTRODUCTION

The Kanal Banjir Barat (KBB), located in Jakarta, crosses 7
kilometers from Season City to the Kali Adem estuary north
of Jakarta. The distribution of cohesive sedimentation along
the KBB originates from the upstream KBB and is influenced
by four rivers along the KBB. From laboratory tests and refer
to USCS soil classification [1], the soil of this location is
dominated by MH/OH type with a 20-40% Plasticity Index
value, and the median diameter of cohesive sediment ranges
from 0.001 to 0.0lmm. Understanding the sedimentation
process in rivers is important to sustain water in terms of
quantity and quality while minimizing the risks that emerge
due to cohesive sediment sedimentation.

Currently, there has not been research that demonstrated
related sedimentation in Banjir Kanal Barat. Previous studies
at this research location, Kanal Banjir Barat (KBB), have
always concentrated on flooding, not sedimentation,
especially cohesive sediments. Kanal Banjir Barat has vital
functions as an artificial channel to accommodate four rivers
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as well as anticipate flooding in the middle and downstream
areas of Jakarta.

KBB, located downstream in the river and flows into the
estuary, is predominately composed of cohesive, fine-grained
sediments transported downstream from their source upland.
Density Induced Current in river streams in which seawater
infiltrates, current processes facilitate the aggregation of fine-
grained cohesive sediments by saltwater, which subsequently
settle in specific sections of the river, particularly in the zone
where freshwater and saltwater converge due to the transport
of seawater during high tides. As an artificial channel through
which river water travels from upstream to downstream of the
sea, the Kanal Banjir Barat must be preserved to prevent
sedimentation from reducing its width and depth.

The deposition of sediment present in a given section of a
river stream significantly impacts the river’s downstream flow
to the sea. Consequently, it is important to conduct research
concerning cohesive sediment movement, with a particular
focus on the mixed zone region, where salinity and tides
influence sediment deposition.
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A primary focus in improving numerical modeling and
conceptual understanding of fine sediment dynamics has been
correctly estimating fall velocity (FV), a vital metric for
sediment researchers [2]. Previous research has shown both
measured and predicted settling velocities (cm/s) as a function
of sediment size [3].

The Sediment Concentration Input (SSC) that utilizes the
pre-limitation also contributes to the model's performance, but
only in modeling flood occurrences. It has been discovered
that it impacts the process of dispersing adjectives, although
its effect on erosion sedimentation is not very substantial [4].
Coastal ecosystem wellness is determined by the amount and
the quality of suspended sediments transported by runoff from
the land to the river [5].

Complex modeling issues can be partly assisted by
numerical modeling, particularly in hydrodynamics. The water
level of Katulampa Barrage is predicted in this study utilizing
Long Short-Term Memory (LSTM) Recurrent Neural
Networks (RNN) and Sadewa data [6]. Researchers used a
hydrodynamic model that considers river and estuary sediment
transport to compile their findings [7]. The research region in
Palembang effectively characterizes the hydrodynamic state in
the fluvial-estuarine transition area by comparing model
outputs with measurement data during the validation and
verification phase [8]. Using a hybrid of the Mc Cormack and
splitting techniques, the numerical model's application was
built using the finite difference approach to solve the
hydrodynamic problem [9].

A suspended sediment movement module was
incorporated into a three-dimensional, unstructured-grid
hydrodynamic model of the Danshui River, which

corresponded substantially with the measurements [10]. The
Klarédlven River in southwestern Sweden was analyzed using
a three-dimensional flow model that included the RNG k-
turbulence model and a non-equilibrium wall function. This
research examined the Klardlven River using a three-
dimensional flow model that included the RNG k-turbulence
model and a non-equilibrium wall function [11]. Numerical
models may be used to analyze probable tsunami risks in the
Palu area in central Sulawesi [12]. A new model was
developed that can analyze the effects of horizontal convective
transport, and a vertically suspended upward movement on the
SSC, and show good results between the model and
observation at the Yangtze River Estuarine [13].

This research aims to simulate sedimentation deposition at
KBB using data from the field and model simulations.
Furthermore, from the results of this model simulation, the
next steps related to the impact of sedimentation at the study
location can be determined. Prior research has been carried out
at the same site, focusing only on flood-related effects [14].

The study employs a 3D Ocean Hydrodynamics model and
Sediment Transport Model called MuSed3D. A model that can
accommodate these conditions is necessary due to the
complicated geometry of the existing KBB river. The MuSed
3D model was selected due to its compliance with these
criteria. The model utilizes Muin's Non-Orthogonal boundary-
fitted technique [15]. The application of the model to the
Providence River demonstrates its capability to accurately
forecast the flow patterns in an estuary with intricate geometry
and bathymetry. The model demonstrates the significance of
bed friction in regulating flow parameters in this area [16].
This design has been implemented extensively in Indonesia
and internationally, including the San Fransico Bay [17], the
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Bay of Fundy [18].

2. MATERIAL AND METHOD
2.1 Location of study

The study site is at the Kanal Banjir Barat (KBB), north of
Jakarta, Indonesia. It is a part of the Ciliwung River in its upper
reaches and is bounded by the Manggarai watergate. This
KBB starts from South to North with approximately 16km, the
upstream part is the Manggarai sluice gate located in the South
Jakarta area (-6.2080; 106.8481) and the downstream part is
the estuary located in the North Jakarta area with coordinates
(-6.1037; 106.7674). The study location concentrates on just
part of the rivers close that are influenced by salinity and tides,
particularly a 7-kilometer length between Season City bridge
to Kali Adem estuary, displayed in Figure 1.

The Kanal Banjir Barat is an artificial canal having
functions to accommodate four rivers in Jakarta, namely the
Angke River, Krukut River, Cideng River, and Grogol River.
KBB has a width of 30 meters in the upstream section, 50
meters in the middle section, and 65 meters in the downstream
section [19].

2.2 Data availability

This study uses three types of data: calibration, validation,
and simulation. The 30-day water level -elevation
measurements collected from the Sunda Kelapa station in
August 2023 and the 8-day water level -elevation
measurements collected from Kali Adem estuary in May 2023
provide the data used for calibration.

On the other hand, the data used for validation, comes from
two separate sites where sediment concentration was tested in
the field in August 2023. Using data from the Karet Watergate,
the simulation model accounts from Early 2023 until Late
2026.

2.3 Model description

In preparation for utilizing a hydrodynamic model that
exhibits significant differences in latitude, Spaulding devised
a boundary-fitted spherical coordinate model and resolved the
vertically averaged equations of motion using Leendertse's
[20] multi-operational approach in curvilinear coordinates.

The model was further enhanced by Swanson et al. [21] and
Muin and Spaulding [22] by converting both the dependent
variables (the velocity components) and the independent
variables (coordinate geometry) into curvilinear coordinates.
A three-dimensional solution was introduced using a split
technique, which divides the governing equations into an
exterior mode (vertically averaged) and an interior mode
(vertical structure).

The conceptual basis of the model is established by the
continuity and momentum equations. Both equations were
derived under the assumption that the flow is incompressible,
except for negligible variation in water mass density when
multiplied by the earth's gravity (Boussinesq approximation),
and the neglect of vertical acceleration compared to
gravitational acceleration (hydrostatic approximation).
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Figure 1. Location of study

The beach is considered an impermeable surface along the
shoreline, meaning that there is no fluid particle velocity
perpendicular to it. The boundary condition on the ocean side
is determined by the time-varying water surface elevation.
River inflows can be accounted for by determining their
discharge. There are two choices for specifying shear stresses
at the bottom: (1) Quadratic stress law or (2) Manning
coefficient. The wind stress at the free surface is determined
using a quadratic approximation. To do calculations in a
curvilinear system with a mesh composed of square grids, the
dependent and independent variables in Egs. (1) until (3)

mentioned below are converted into a curvilinear coordinate
system.
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Furthermore, the inclusion of sediment, salinity, and
temperature necessitates the consideration of both the equation
for conservation of substance and the equation of state. The
equations are shown in Eqs. (4) and (5).
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The above governing equations are solved numerically
using a semi-implicit technique where the water surface
elevation in the long wave equation is solved implicitly and
the other variables explicitly. By adopting this combination,
the time-step size in the numerical solution is not constrained
by the shallow water wave celerity, hence facilitating rapid
computer execution.
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2.4 Model numerical preparation

The study employs a 3D Ocean Hydrodynamics and
sediment transport model called MuSed3D. MuSed3D utilizes
Muin's Non-Orthogonal boundary-fitted technique in
spherical coordinates [15]. MuSed3D features multiple
essediment classes and cohesive and noncohesivesediment for
the sediment transport simulation. MuSed3D is also embedded
with a Geographic Information System (GIS) to simplify the
user to understand the simulation results. The hydrodynamic
model has been implemented extensively in Indonesia and
internationally, including the Providence River [16], San
Fransico Bay [17], and the Bay of Fundy [18]. The
sedimentation results have been applied in Indonesia such as
studies [23-26]. In terms of modeling, two crucial steps will be
taken to achieve the best outcomes: the first is the model
calibration step, which involves making adjustments through
trial and error until the model's output matches the
observations. The validation stage, which involves comparing
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the model findings with the observation results, comes next. In
the calibration phase, the model's water elevation from two
locations outputs will be compared to observations collected
over seven days from 14 to 22 May, 2023, and 30 days from
August 2023. In the meantime, during the validation phase, the
outcomes of the observations conducted in August 2023 for
sediment concentration were compared with the results of the
model sediment concentration values.

Parameter setting

Before the analysis, crucial components of the model setup,
including the modeling parameters, must be ready. Seabed
friction, Critical shear stress, physical characteristics of
sediment, water elevation, river components, and sediment
density are the parameters that are under consideration. The
model preparation parameters are listed in Table 1.

Table 1. Set up parameters for a model

Parameter Value Unit
Critical shear stress for erosion 1.0 Pa
Critical shear stress for deposition 0.5 Pa
Settling velocity 0.8 mm.s?
Friction coefficient 0.001
Density sediment 1600 Kg.m?3

Critical shear stress

Critical shear stress (z.) is the threshold condition of shear
stress obtained from flowing water just before soil erosion
occurs [27]. According to Nafchi et al. [28], the t.* of the
mudstone deposits varied between 0.13 and 1.4 Pa and was set
at 1.0 shear stress for erosion and 0.5 for shear stress for
deposition.

Density sediment

From the results of laboratory tests and based on the USCS
classification system, it can be concluded that the soil type at
the research location is MH/OH or inorganic silt with medium
to high plasticity with a Density of 1600Kg.m™.

Settling velocity

The settling velocity of particulate sediment in Papua
Indonesia was determined using an empirical formula derived
from a laboratory experiment by Muin [24] will be
implemented for this model. The formula has been applied to
several places in Indonesia such as Bintuni [24], Port of Kuala
Tanjung [23] and many more places.

Friction coefficient

The friction coefficient values at the base of the model were
calibrated by an iterative process of trial and error. This
process led to the determination of the best value of 0.001.

3. NUMERICAL MODEL
3.1 Grid system

This model uses a non-orthogonal grid system and
bathymetric data from Dishidros DKI [29]. Proposed grids are
closer to the location of interest compared to areas further
away from the study location and using non-uniform sizes.
The size of the grid in the river is smaller than the grid in the
sea. This scenario implies avoiding of influence of open
boundaries on the study location (river). Figure 2 is a grid
system model with Non Orthogonal Boundary Fitted (NOBF)
that will implemented for this study.



Figure 2. Grid system NOBF model

3.2 Governing equation

The governing equation of suspended sediment can be
written as follows:
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The governing equations of deposit sediment can be written
as follows:

dmd
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7—0f0r0d>1 (7)

dmg . . . . . .
where, d—td is deposit sediment, C is Sediment concentration

(ppm), o, is bottom-shear stress (pa), o4 is Critical shear
stress for deposit sediment (pa), wy is settling velocity (m/s).

The governing equation of erosion can be written as follows:
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4. RESULT AND DISCUSSION
4.1 Model calibration

Adjustments were made to these calibration parameters via
trial and error to get the best possible outcome. It was
necessary to do calibration to get the most accurate findings
for the friction coefficient. This study will use water level and
current speed measurements conducted in May 2023 and
August 2023, respectively, at Kali Adem Estuary and STA
Sunda Kelapa, for the calibration hydrodynamic model, as
shown in Figure 3. In this research, the friction coefficient will

&)
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be iteratively adjusted via trial and error until an ideal outcome
is achieved, which will then be compared with the observed
data. An iterative process of trial and error calibrated the
friction coefficient values at the model’s base. This process led
to the determination of the best value of 0.001. Figure 4 shows
the calibration results for water elevation between the model
and observation at Kali Adem Estuary, resulting in a root mean
square error (RMSE) of 0.0373 and Nash-Sutcliffe Efficiency
(NSE) of 0.45, Figure 5 shows the calibration results for water
elevation between the model and observation at STA Sunda
Kelapa with resulting in a root mean square error (RMSE) of
0.02 and Nash-Sutcliffe Efficiency (NSE) of 0.55.

On 7 August 2023, measurement of the water height and the
current speed per second at two separate sites, the Kali Adem
Estuary and Sunda Kelapa served as calibration parameters.

Figure 6 shows the calibration results for the current speed
between the model and observation at Kali Adem Estuary,
Figure 7 shows the calibration results for the current speed
between the model and observation at STA Sunda Kelapa with
a lower of less than 10% from the model.

Figure 3. Location for calibration (Google Earth)
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Figure 4. Calibration model for water elevation at Muara
Kaliadem
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1236

4.2 Model validation

Measured sediment concentration (SSC) at two locations
will be used for the model’s validation. To ensure accuracy,
the modeling results for suspended sediment concentrations
were cross-checked with observed data from August 2023
during the dry season and December 2022 during the wet
season . For validation purposes, the physical parameter for
bed friction coefficient is 0.001; the erosion rate is 0.2
mm/hour; simulation starts from 1 August 2023 for 40 days;
the physical parameter for sediment settling velocity is 0.8
mmy/s; critical shear stress for erosion 1.0 Pa; critical shear
stress for deposition 0.5 Pa; density sediment 1600Kg.m>.
SSC location for validation purposes is presented in Figure 8
below.

Figure 8. Location for validation model (Google Earth)

The sediment concentration measurements at two separate
sites will validate the consistency between the model and the
real-world conditions. At each location, there was a
satisfactory agreement between the model and observed values
of the suspended sediment concentration distribution.
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Figure 9. Validation model for SSC at location T7

Figure 9 shows the Suspended Sediment Concentration
(SSC) validation result between the model and observation at



T7 Kali Adem Estuary. Figure 10 shows the Suspended
Sediment Concentration (SSC) validation result between the
model and observation at T8 Kali Adem Estuary. The
validation at each site indicates a favorable outcome, with the
observed values well aligned with the model.
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Figure 10. Validation model for SSC at location T8
4.3 Model simulation

This model will for four years for deposition simulation
purposes, from Dec 2022 until Dec 2026, using river flow
discharge as the key parameter input. The river flow discharge
used as model input results from measurements at the PA
Karet sluice gate, as seen in Figure 11. The simulation model
(Figure 12 and Figure 13) will use the physical parameter for
bed friction coefficient is 0.001; erosion rate is 0.2mm/hour;
simulation starts from Dec 2022 for four years; physical
parameter for sediment settling velocity is 0.8mm/s; critical
shear stress for erosion 1.0 Pa; critical shear stress for
deposition 0.5 Pa; density sediment 1600Kg.m™.
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Figure 11. Daily river discharge Dec. 2022 — Dec. 2026

Figure 13. Location for the simulation model (Grid Model)
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The results of the deposition simulations are displayed in
Figures 14 until 17.

The model simulation deposition was conducted at six
specific locations along the Kanal Banjir Barat as a reference
point, as shown in Figure 12 and Figure 13 respectively, for
the four-year dry and wet seasons. The result for the time series
simulation deposition in sequence based on their location can
be seen from Figure 14 until Figure 19. Because of their
proximity to the sediment source, sites TO1 and T02 in Figure
14 and Figure 15 had the highest result-a 80 cm sediment
deposit that occurred over four years. As a result of their
distance from the sediment source and the effect of tides on
river flow, the sediment deposits at locations T02-T06 are
gradually decreasing.
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Figure 15. Simulation result time series of deposition at
Location T02
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Figure 16. Simulation result time series of deposition at
Location T03
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Figure 17. Simulation result time series of deposition at
Location T04

Sediment accumulation was seen at the study site according
to the contour findings of the yearly model simulation
beginning in 2023 and continuing until 2026, as shown in
Figure 20. Sediment layers of 55-65cm will be seen in the
2024 simulation in Figure 21, with the heaviest deposits
located 3 km away from the Season City Bridge. A 65-70cm
thick silt deposit, with a maximum thickness of 3 km along the
Season City Bridge, is shown in the 2025 simulation in Figure
22. Figure 23 shows the sediment layers in the 2026
simulation, which are > 70 cm deep; layers as thin as 5 to 10
cm may be observed near the estuary, with the heaviest
deposits over a 3-kilometer length from the Season City
Bridge.
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Figure 18. Simulation result time series of deposition at
Location T05
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Figure 20. Contour for deposition in 2023

Cohesive sediment transport in rivers can be influenced by
a variety of factors, such as advection, dispersion, aggregation,
deposition, and consolidation of deposits. Put simply, cohesive
sediment is a significant component in the sedimentation
process within rivers, specifically in the remote or mixed zone, Longitude

106.760 106.765 106,770 106.775 106,780 106.785 106.790

before its discharge into the sea. As an artificial channel
through which river water travels from upstream to

downstream of the sea, the Kanal Banjir Barat must be Figure 22. Contour for deposition in 2025
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Figure 23. Contour for deposition in 2026

KBB, located downstream in the river, that flows into the
estuary, is predominately composed of cohesive, fine-grained
sediments transported downstream from their source upland.
Density Induced Current in river streams in which seawater
infiltrates, current processes facilitate the aggregation of fine-
grained cohesive sediments by saltwater, which subsequently
settle in specific sections of the river, particularly in the zone
where freshwater and saltwater converge due to the transport
of seawater during high tides.

The deposition of sediment present in a given section of a
river stream significantly impacts the river’s downstream flow
to the sea. Consequently, it is important to conduct research
concerning cohesive sediment movement, with a particular
focus on the mixed zone region, where salinity and tides
influence sediment deposition; this condition has similarities
to other studies investigating the impact of salinity on fine and
cohesive sediments [30-33].

5. CONCLUSIONS

Based on the findings from the calibration and validation
processes, it is evident that the models align reasonably well
with field observation data. Various sediment depositions at
the research site locations are produced by model simulations
throughout four years, from 2022 to 2026. Sediment thickness
decreases from its thickest point in Season City (T01) to its
thinnest point at the Kali Adem estuary (T06). In 2026, in a 3-
kilometer section of Season City, the biggest silt layer will be
more than 70cm.

Consequently, the sediment transport model called
MuSed3D was successfully employed as a tool in the
prediction of cohesive sediment movement. Furthermore, the
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model simulation outcome will enhance comprehension of the
deposition and resuspension mechanisms involved in cohesive
sediment movement within the river which is induced by river
flow and density.

Currently, no research has demonstrated any related
sedimentation in Kanal Banjir Barat. Previous studies at this
research location, Kanal Banjir Barat (KBB), have always
concentrated on flooding, not sedimentation, especially
cohesive sediments. This study concludes that flooding an area
with cohesive sediments can cause sedimentation, affecting
the estuary. Based on the findings of the model simulations
conducted from 2023 to 2026, it has been shown that the
deposit extends up to 3 km from the study location in Season
City. In addition, dredging to maintain the canal depth
becomes critical if the sedimentation depth blocks the
upstream flow of river water.

This study's erosion rate and critical shear stress parameters
are based on values from prior researches [23-25]. For further
research, additional investigation is required to conduct
laboratory experiments to accurately measure critical shear
stress and erosion rate, utilizing soil samples obtained from the
current study site. Subsequently, a sensitivity analysis is
conducted and compared with the findings of previous
investigations to figure out the deviation of divergence.
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NOMENCLATURE
C sediment concentration, gr/I
S salinity, ppt
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surface shear stress, Pa

bottom shear stress, Pa

salinity, ppt

temperature in centigrade
curvilinear coordinate

density sediment, kg.m

dynamic viscosity, kg. m?.s?
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suspended sediment material
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