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Abstract: Many reclaimed areas in Indonesia have abandoned swampland or idle land which is
attributed to various factors. One of the main factors is the unsuitability of the exiting flow system in
this area since the condition of the canals and water structures in this area has not been rehabilitated
for a long time. No study has been carried out to investigate the suitable model for simulating the
appropriate criteria for assessment of erosion within the channel on Tidal lowland in Indonesia.
This study focuses on the investigation of erosion occurring within the Rural Channel and Main
Drainage Channel on Tidal lowland in Palembang, Indonesia which becomes the originality of this
manuscript. The erosion was attributed to the accumulation of sediment transport within the channel
of the reclaimed tidal delta region Telang I. The results of the research on the P8-13S scheme show
that equilibrium on the accumulation of sediment transport in the channel was observed in the Rural
Channel and Main Drainage Channel on average ranging from 3,301,859 m3 to 3,349,103 m3 while the
average sedimentation ranged from 809,232–898,467 m3. This study is very important in minimizing
the possible erosion near riverbank.

Keywords: rural channel; main drainage channel; sediment transport pattern; tidal lowland and erosion

1. Introduction

Sediment transport is critical for all aquatic habitats, but particularly lagoons, where
the volume and direction of suspended matter has a direct effect on the turbidity of the
water [1–3]. It has the potential to alter primary production and other ecological processes
within a system [4]. Sediments play a critical role in sculpting the terrain where rivers
meet the sea. Inadequate sedimentation to the sea may result in coastal erosion, leading in
the loss of land and tidal wetlands, necessitating coast protection and saltmarsh or beach
nourishment methods [5]. Furthermore, human action occasionally modifies the coastline,
frequently unintentionally altering previously identified sediment transport channels and
coastal morpho dynamics [6]. Juez et al. [7] proposed a model for simplification of coupling
technique for modelling transient shallow flow and movable bed to reduce the compu-
tational cost and time. Zordan et al. [8] concluded that bed shear stress and Reynolds
stresses are correlated with sediment entrainment for longer periods, such that it can be
inferred that they are associated to the distal transport of sediment. The main responsible
for sediment dislodging is found to be the vertical component of the fluid movement, which
presents a high peak of vertical mean velocity at the front of the currents.

Potential land for farming in Indonesia includes around 150 million ha. Some parts
are located within swamp area, which cover an area of around 33 million ha. This swamp
land is situated within tidal swamp with area of 21 million ha and normal swamp with
area of 12 million ha. These swamps land are distributed across the islands of Kalimantan,
Sulawesi, Sumatera and Papua, covering an area of about 10 million hectares each [9].

The Indonesian government has reclaimed some of the swamp areas. The reclamation
by private sector is around 1.9 million ha while the reclamation by the community is around
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2.1 million ha with a total reclamation of 4 million ha [10]. However, only few areas of these
reclaimed lands are utilized to generate crops. The productivity of the land is around 3 t/ha
which is utilized by the government. A lack of attention to Operations and Maintenance
has resulted in a micro-scale repair effort in tertiary channels without a sluicegate structural
framework, which means that farmers are doing their own micro-scale maintenance on
their own initiative [11].

Based on an inventory study of swamp area data in the western and eastern regions, it
is concluded that 0.8 million ha of 1.8 million ha reclaimed area is abandoned swampland
or idle land, which is attributed to various factors [12]. One of the main factors is the
unsuitability of the exiting flow system in this area since the existing water system network
is not optimal. The other important factor is related to the condition of the canals and water
structures in this area which has not been rehabilitated for a long time. In addition, the
maintenance of the channels is not optimal [13].

The originality of this study is related to the investigation of the suitable model for
simulating the appropriate criteria for assessment of erosion within the channel on Tidal
lowland in Indonesia. The criteria to determine the stability within the channel is related to
no erosion and sedimentation observed in the channel with the equilibrium condition of
the channel. Although erosion and sedimentation exist, but it should be merely temporary
material movements in the channel which does not affect the general condition of the
channel. No study has been carried out to investigate the suitable model for simulating the
appropriate criteria for assessment of erosion within channel on Tidal lowland in Indonesia.
This study focuses on the investigation of erosion occurring within the Rural Channel and
Main Drainage Channel on Tidal lowland in Palembang, Indonesia.

2. Site Overview and Methodology

According to this research, the area under investigation is located in Delta Region
Telang I in the province of South Sumatra, which is characterized by swampy terrain and
little rainfall. With the second generation of the double-grid design layout (Rib System),
this region was also reclaimed, along with Telang II, Delta Saleh, and Sugihan, as the
second generation [14]. A future open channel system has been designed for the Delta
region Telang I [15]. In addition to the main line (which is also used for navigation), the
system includes secondary channels and tertiary channels. The site location in this study is
depicted in Figure 1 [16].
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Figure 1. (a) The investigated location in this study; (b) Layout of the investigated primary
channel 8 (P8).

Telang I lies between 020 29 and 020 48′ latitude and 1040 30 and 1040 52′ east longitude,
according to GPS. As a result, the country’s northern and southern borders are bounded
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by the Strait of Bangka and Telang I respectively. In contrast, the eastern region, which
includes the river Musi, and the western region, which includes the river Telang I [17].

Telang I is a hydrologically significant location since it is bordered by tidal rivers. The
Musi river runs through the eastern section of the territory, while the Telang river runs
through the western part of the region. According to the Land and Water Management
Tidal Lowlands (LWMTL) [11], the Bangka Strait borders the southern portion of the
province, whilst the river borders the northern part of the territory. As a result of these
factors and others, hydrology can be affected on a local and global scale by the surrounding
channels, the water levels in each channel, the sluicegate’s operation, tides, and other
environmental factors.

The numerical studies in this work were carried out using Mike-11 for simulating each
prototype of flap-gate based on two-dimensional (2-D) finite element calculations. MIKE-11
mathematical modelling technique was developed in the Danish Hydraulic Institute. The
MIKE11 software (Version 2009, Danish Hydraulic Institute, Kopenhagen, Denmark) is
based on an implicit finite difference scheme solution of the Saint Venant equations [18].
Equations (1) and (2) are used for hydrodynamic model simulated by the software.
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dt
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where A the flow area, b is the width of channel, h is the stage, Q is the discharge, R is the
hydraulic radius, n is the roughness coefficient, β is the momentum distribution coefficient,
q is the lateral inflow rate per unit length.

3. Numerical Analyses Results and Discussions

Research on channel stability has been carried out under various scenarios to deter-
mine a suitable pattern for channels in tidal swamp areas. The stable criterion is that there is
no erosion or sedimentation in the channel with equilibrium channel conditions. Although
erosion and sedimentation occur, it is only a momentary material transfer to the channel
without affecting the condition of the channel in general.

Tidal swamps in the delta Telang I where the study was conducted consists of a
26,680 ha of reclamation area. This area was opened in 1976 and it was developed as
transmigration area for people from Java which began in the early 1980s [19]. In the
development stage, this area was built with a water system and supporting infrastructure
for the development of tidal swamp farming business [20].

The length of the primary channel P8-13S is 19,071 m. The secondary channel is
divided into two: Rural Channels (RC) and the Drainage Channel or Main Drainage
Channel (MDC) which is located on the boundary of the business area II. The length of the
RC secondary channel is 3267 m and MDC is 3807 m. the area of one secondary block is
256 hectares.

The water system in this area works based on the concept of a one-way flow system
where tidal water flows into the RC and then it is released through the MDC. At present,
the RC and MDC both have functions as water intake and drainage channels. This one-way
water management system will provide good prospects if it is equipped with water gates
(flap-gate, stop-log or block) as a water regulator that can be controlled (Noor, 2004).

On the secondary channel P8-13S, a survey was carried out on the longitudinal and
transverse directions based on topographic and water level measurements. Most of the
tertiary canals in P8 are still unmodified, only certain part of this area has been modified
including the Southern part of the area with 13 secondary block (P8-13S). In general one
secondary block has the same area of ±256 ha with a total of 17 tertiary canals channel bar
(Figure 2).



Fluids 2022, 7, 277 4 of 11

Fluids 2022, 7, x FOR PEER REVIEW 4 of 12 
 

The length of the primary channel P8-13S is 19,071 m. The secondary channel is di-
vided into two: Rural Channels (RC) and the Drainage Channel or Main Drainage Chan-
nel (MDC) which is located on the boundary of the business area II. The length of the RC 
secondary channel is 3267 m and MDC is 3807 m. the area of one secondary block is 256 
hectares. 

The water system in this area works based on the concept of a one-way flow system 
where tidal water flows into the RC and then it is released through the MDC. At present, 
the RC and MDC both have functions as water intake and drainage channels. This one-
way water management system will provide good prospects if it is equipped with water 
gates (flap-gate, stop-log or block) as a water regulator that can be controlled (Noor, 2004). 

On the secondary channel P8-13S, a survey was carried out on the longitudinal and 
transverse directions based on topographic and water level measurements. Most of the 
tertiary canals in P8 are still unmodified, only certain part of this area has been modified 
including the Southern part of the area with 13 secondary block (P8-13S). In general one 
secondary block has the same area of ±256 ha with a total of 17 tertiary canals channel bar 
(Figure 2). 

 
Figure 2. Schematic diagram of water system at P8 Telang I. 

Many tertiary channels in P8 are not connected into the RC. There are only a small 
number of channels that penetrate to the RC. Almost all of channels penetrate to the sec-
ondary Main Drainage Channel (MDC). All secondary channels, both RC and MDC in 
line P8 initially were not supported by water control structures. Only until 2010, four 
sluice-gates were built in SDU 13-S secondary channels and 5 are in RC13-South. 

3.1. P8-13S Channel Hydraulic Model Analysis and Simulation 
Simulations of morphological changes in both Primary 8 (P8) channels and SPD and 

SDU secondary channels, were performed using MIKE-11 2D software [18]. The initial 
condition in the numerical simulation was determined based on the elevation of the water 
level in the RC and MDC channels in P8-13S. The elevation of the water level in the Rural 
Channel was recorded for 24 h starting from 8:00 am in the morning until 8:00 am in the 
next day [21]. The elevation of the water level in the channel was −0.20 m recorded at 08:00 
am and the elevation of the peak water level was 1.60 m recorded at 13.00 pm. Then the 
elevation of the water level decreased to the minimum value of −0.61 m at 03:00 am in the 
following morning. (Figure 3). 

Figure 2. Schematic diagram of water system at P8 Telang I.

Many tertiary channels in P8 are not connected into the RC. There are only a small
number of channels that penetrate to the RC. Almost all of channels penetrate to the
secondary Main Drainage Channel (MDC). All secondary channels, both RC and MDC
in line P8 initially were not supported by water control structures. Only until 2010, four
sluice-gates were built in SDU 13-S secondary channels and 5 are in RC13-South.

3.1. P8-13S Channel Hydraulic Model Analysis and Simulation

Simulations of morphological changes in both Primary 8 (P8) channels and SPD and
SDU secondary channels, were performed using MIKE-11 2D software [18]. The initial
condition in the numerical simulation was determined based on the elevation of the water
level in the RC and MDC channels in P8-13S. The elevation of the water level in the Rural
Channel was recorded for 24 h starting from 8:00 am in the morning until 8:00 am in the
next day [21]. The elevation of the water level in the channel was −0.20 m recorded at
08:00 am and the elevation of the peak water level was 1.60 m recorded at 13.00 pm. Then
the elevation of the water level decreased to the minimum value of −0.61 m at 03:00 am in
the following morning. (Figure 3).
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Figure 3. Water level elevation in the Rural Channel.

Likewise, the elevation of the water level in the SDU channel was recorded for 24 h
starting from 08:00 am in the morning until 08:00 am in the next day. The level of water
level in the channel was −0.28 m at 08:00 am and the elevation of the peak water level
was 1.63 m at 13.00 pm. Then the water level decreased to the minimum value of −0.50 m
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at 3:00 am in the next morning. A boundary condition in the numerical simulation was
determined based on the water level in the mouth of the P-8 channel. The water level in
the mouth of the P8 channel was recorded for 24 h starting at 08:00 am in the morning
until 08:00 am in the next day. The elevation of the water level in the channel was 2.80 m
at 08.00 am and the peak water elevation was 4.60 m at 13:00 pm. Then the water level
decreased to the minimum value of 2.00 m at 3:00 am in the next morning. (Figure 4).
Calibration for sediment movement was conducted based on P8 channel parameters. The
width of P8 channel is 50 m and the height or depth of this channel is 4.80 m. (Figure 5).
All boundary conditions are incorporated in the numerical model. Table 1 presents RC
and MDC schemes without sluicegate structure, RC and MDC schemes with sluicegate
structure, and RC, MDC schemes and tertiary channels with sluicegate structure [22].
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Figure 4. The water level at the mouth of the P-8 channel.
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Figure 5. Sediment transport model simulation results.

Table 1. Parametric studies carried out in this study.

Scenario O&M (%) Works

I 25 RC and MDC without sluicegate
II 50 RC and MDC with sluicegate
III 75 RC, MDC and tertiary canals all with sluicegate

3.2. Accumulation of Sediment Transport in the Channel

The state of the study region prior to 2012 is presented in Scenario 1. The state of
the study area after 2012 is presented in Scenario 2 [23]. This scenario models P8, RC, or
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MDC without the use of a sluicegate, with the assumption that channel maintenance is not
correctly executed. The Manning roughness coefficient (n) is chosen to be 0.025 s/m1/3 in
this calculation. The channel in this situation still has grass in it, which indicates that the
flow is obstructed, which means that the flow velocity in the channel is decreased [15].

This scenario consists of eight primary channels, one RC channel, one MDC channel,
and two tertiary channels. In both the tertiary and secondary channels, sluicegate structures
are not available. The function of the channel as a supply or as a sewer cannot be recognized
without the use of a sluicegate structure. The water supply routes are used during high
tides, and the drainage channels are used during low tides. Figure 6 depicts a network
system in the scenario described above [24].
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Figure 6. Schematic diagram of channel models for sediment movement in RC without sluicegate of
the scenario I (OM 25%).

A distance of 3200 m from the beginning of the P8 channel is shown in Figure 7 as
sediment movement in the RC and the P8 channel. A total of 4,224,089.34 m3 was eroded
before the Rural Channel (RC) sedimentation began at 871. As a result, no sediment
movement occurred up to a distance of 3650 m from the channel’s end.
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Primary 8 channel and MDC have sluicegate structures that are not present in sec-
ondary and tertiary networks. The channel’s ability to serve as either a supply or a sewage
cannot be determined without the presence of a sluicegate structure. At high tide, all
waterways are water supply routes, while at low tide, all channels are drains. For example,
Figure 8 depicts the accumulation of sediment movement that occurs along the P8 channel
and MDC without a sluicegate 3200 m downstream of the Telang river erosion, which
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totaled 4,224,089.33 m3, and 4500 m downstream of the MDC, where no sedimentation had
occurred prior to the start of the MDC. Up to a distance of 3650 m, the MDC channel did
not have any sediment flow.
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Figure 8. Sediment movement in MDC without sluicegate.

Due to maintenance, the waterway in Scenario II is in a better condition than in the
prior scenario. To put it another way, it is anticipated that there will be no grass along
the channel’s path because of its shape. Some of the secondary channels’ cross sections
have the same dimensions as those in the tertiary channels. It was decided that in this
case the manning coefficient n would be bigger than in scenario I. Manning n is assumed
to have a coefficient of 0.033 s/m1/3 in this case. Primary 8 and RC networks are shown
schematically in Figure 9. To put it another way, the sluice gate is located in the Rural
Channel (RC). At high tide, all waterways are water supply routes, while at low tide, all
channels are drains.
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Figure 9. Schematic diagram of channel models for sediment movement in RC with sluicegate on
scenario II (O&M 50%).

A total of 4,360,350.28 m3 of erosion was caused by sediment transport in the P8
channel and Rural Channels (RC) located 3200 m from the P8 channel’s starting. A total of
1,090,087.57 m3 of sediment was deposited at the start of the Rural Channel (RC). The Rural
Channel had no sediment movement up to a distance of 3650 m from the channel’s end. A
total of 4,496,611.23 m3 of sediment was transported by P8 channel and MDC over a 3200 m
distance from the P8 channel’s beginning, according to Figure 10. At a distance of 4500 m,
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sedimentation happened once more in the P8 channel. Sediment is not moving until the
end of the channel, which is 3650 m away from the MDC meeting point in the canal.
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Compared to scenarios I and II, Scenario III assumes that the channel is well-maintained.
As a result, the channel’s shape is based on the original plan, and no new grass is expected
to sprout along its length. Both the secondary and tertiary channels have the same cross
sectional area. n, the manning coefficient, is higher in this situation than in either scenario I
or II [15]. The of coefficient of manning (n) for this scenario is 0.035 s/m1/3.

Figure 11 depicts sediment transit buildup in channels P8, RC, and tertiary channel 1. (tc-1).
3200 m in length from the P8 channel’s inception to its end, 4,360,350.28 cubic meters (m3) of
erosion was recorded. Sediment deposition totaled a total of 953,826.62 cubic meters from the
beginning of channel RC to the beginning of channel TC-1’s third-generation (a distance of
200 m). The terminus of the tc-1 channel saw sedimentation of 3,470,461.48 m3 from the
beginning to a distance of 750 m.
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Figure 11. Movement of sediment in the tc-1 tertiary channel has a sluicegate.

In the RC secondary channel and the tc-3 tertiary channel, sluicegate structures have
a roughness coefficient of 0.35. A total of 4,496,611.27 m3 of cumulative erosion occurred
over a distance of 3200 m from the P8 channel to the RC channel. A total of 953,826.62 m3

was deposited in the RC channel from its inception to the beginning of the first tc-3 tertiary
channel. The terminus of the tc-3 channel experienced sedimentation of 3,222,571.38 m3
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from the beginning to a distance of 750 m. Figure 12 is a network system scheme of
Primary channel 8 (P8), RC and tertiary channel 5 (tc-5). The RC secondary channel and
tc-5 tertiary channel contain the valve door construction, with a roughness coefficient of
0.035 in the channel.
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The P8 channel, the Reverse Channel (RC), and the Tertiary Channel (5, or tc-5) all
followed a similar pattern of sediment transport, with a total of 4,496,611.27 m3 of channel
erosion occurring over a distance of 3200 m from the beginning of the P8 channel in the
Telang river to the beginning of the RC, and then 1800 m from the beginning of the RC to
the beginning of the tc-5 tertiary channel. For this construction, the roughness coefficient
in the channel is taken to be 0.035. It is placed in the secondary channel and the seventh
tertiary channel.

Figure 13 shows that sediment transport occurred in the P8 channel, the RC chan-
nel, and the tertiary channel 7 (tc-7), with channel erosion totaling 4,709,912.01 m3 at a
distance of 3200 m between the beginning of the P8 channel and the beginning of the
RC channel, and sedimentation totaling 867,615.37 m3 between the beginning of the RC
channel and the beginning of the tc-7. Figure 13 shows that sediment transport occurred
in Between the beginning of the tc-7 channel and the end of the channel, sedimentation
totaled 3,222,571.38 m3 and the end of the channel, sedimentation totaled 3,222,571.38 m3.
The beginning of the tc-7 channel up to a distance of 750 m and the end of the channel,
sedimentation totaled 3,222,571.38 m3. For the sluicegate structure, it is positioned both
in the RC secondary channel and in the tc-9 secondary channel, with a roughness coeffi-
cient in the channel taken at 0.0355 for the RC secondary channel and 0.0355 for the tc-9
secondary channel.
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4. Conclusions

Based on the three scenarios carried out in the simulation using MIKE-11 2D program,
it is observed that Scenario III with a 75% O&M model (RC, MDC and tertiary channels have
sluicegate) is considered as the most suitable condition for the P8-13S scheme prototype
model. P8 channel erosion occurred with an average volume of 3,599,979.28 m3 while
sedimentation occurred in the Rural Channel (RC) with an average volume of 963,836.56 m3.
An average tertiary channel erosion amounted to 3,251,972.30 m3. The P8 channel eroded
with an average volume of 3,419,184.75 m3 and sedimentation occurred at Main Drainage
Channels (MDC) and the tertiary channel was the same value as the magnitude of the
erosion at P8 which was an average of 3,419,184.75 m3. The channel conditions in the
P8-13S scheme of the Telang I tidal area can be said to have reached an equilibrium.
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