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ABSTRACT 

The magnitude of the longitudinal slope of river gratly determines the magnitude of sediment 

transport. This is due to the large flow velocity. This shape causes gradation of the river bed, 

especially upstream of the river. This phenomenon is seen in the middle segment of Batang 

Kuranji. where a sediment control buildg or check dam has been built. However, sediment 

transport and changes in river cross-section upstream still occur. Based on this phenomenon, 

a simulation of changes in flood discharge on sediment rate was carried out. This simulation 

was carried out using the Meyer Peter Muller method found in HEC-RAS 6.0.0. The simulation 

was carried out using 25 year planned flood discharge with smaller variations in discharge 

changes, namely Q1, Q2 and Q3. In general, the simulation results show that changes in flood 

discharge determine the magnitude of changes in sediment rates, the greater the flow discharge, 

the higher the sediment rate, both with and without check dams. The simulation results also 

show that the sediment rate in conditions with a check dam has decreased compared to 

conditions without a check dam, this shows that the presence of a check dam can reduce the 

sediment rate that occurred before the check dam was built. 
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INTRODUCTION 

Sedimentation is the process of deposition of material transported by flows from upstream, 

which occurs through process of erosion, transport, deposition and compaction of the sediment 

itself. Sediment transport that occurs from upstream to downstream can be expressed in volume 

per unit time which is called sediment rate [1], [2]. Sediment rate at high river bed slopes can 

cause scouring in the river which can make the water flow unstable, thus causing a buildup of 

sediment. The rate of sediment in the river cannot stop, so if it is allowed to continue continously 

it will cause the river flow to be disrupted. One effort to control sediment is to build the check 

dam. 

 

The middle segment of Batang Kuranji is one of the rivers in the Batang Kuranji River Basin 

which has a very high river slope, causing sediment movement in the river bed [3]. Based on a 

report from BWSS V in 2011, it was found that the sediment rate occuring in the middle 

segment of Batang Kuranji was quite large, namely around ± 566.81 ton/day, so a sediment 

control building (check dam) was built.  

The sediment rate will not occur without the presence of water flow (discharge), in this case is 

the planned flood discharge. Based on this, research was carried out regarding the effect of 
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changes in planned flood discharge on the sedimentation rate in the middle segment of the 

Batang Kuranji check dam. 

 

Location of Study 

The study location is in the middle segment of Batang Kuranji check dam at latitude 0°55'31.44" 

S and longitude 100°25'51.79" E, located around ± 420.2 meters from Gunung Nago Kuranji 

weir. The location can be seen in Figure 1.  

 

 
Figure 1. The study location is in the middle segment of Batang Kuranji 

MATERIALS AND METHODS 

Sediment  

Sediment is a product of rock disintegration and decomposition. Disintegration is the entire 

process in which rocks are damaged or broken into small grains without changing the chemical 

substance, while decomposition refers to the breakdown of rock mineral components by 

chemical reactions in the form of carbonation, hydration, oxidation and solutions processes [4]. 

The charatectistics of sediment particles include size, shape, volume weight, specific gravity 

and falling speed of the sediment particles themselves.  

 

Sedimentation Rate 

The rate of sedimentation or sediment transport is the volume of sediment lifted per unit area 

per unit time. The speed of sediment to be deposition is influenced by several factors, namely 

current speed, river discharge, tides and other hydrooceanographic factors [5]. Sediment 

transport in rivers occurs continously without stopping. The critical speed is influenced by 

variable flow depth, channel slope and channel roughness [6].  

 

Sediment transport is grouped based on 2 methods, namely sediment transport as basic material 

and sediment transport as wash load. Sediment transport as basic material consist of bed load 

and suspended load. Sediment transport as wash load is sediment that has a very fine grain size.  

Several sediment transport methods that can be used to analyze the behavior of sedimentation 

rates using HEC-RAS software are the Ackers-White, Engelund-Hansen, Laursen (Copeland), 

Meyer Peter Muller, Toffaleti, Yang, dan Wilcock-Crowe [7]. 
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Estimation Formula of Sedimentation Rate 

The rate of sediment is based on diameter of the material and velocity of the flow which the 

flow is in unsteady flow conditions, this is estimated based on several formulas that have been 

issued by previous researchers [8]. 

 

Einstein method (1942) and Brown (1950) stated : 

Φ = 40 (1/ψ)3            (1) 

Ψ = 
(𝜌𝑠−𝜌) 𝐷

𝜌𝑅′𝑆0
           (2) 

Φ = 𝑞𝑠√
𝜌

(𝜌𝑠−𝜌) 𝑔𝐷3          (3) 

 

Meyer Peter Muller method gives the following equation [9] : 
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Where, qs = qb = sedimen discharge per unit width, D = sediment diameter, ρs = mass density, 

Ks = roughness coefficient, Kr = grain roughness coefficient, d90 = grain diameter 90, γs = 

sediment specific gravity, γ = specific gravity of water, g = gravity. 

 

Sediment Control Building (Check dam) 

Check dam is a sediment control structure that is created due to the presence of a flow with a 

fairly large concentration of sediment, the sediment come from soil erosion in the upstream part 

of the river [10]. Check dam building is a debris or lava flow control structure, which built 

across a river channel has the working principle of controlling sediment by holding, 

accommodate and flow material/sand carried by the flow and releasing water downstream [11]. 

In the body of check dam building, flow holes (drop holes / drain holes) are made.  

Various type of check dam based on shape, layout and function of view [12]. 

1. Type of check dam based on shape, namely close type and open type.  

2. Type of check dam based on layout, namely single type, continuous type, and level type.  

3. Type of check dam based on function, namely control type, consolidation type, and support 

type.  

 

This research using HEC-RAS 6.0.0 software which has 3 elements that must be fulfilled, 

namely imitation of river data geometry, sediment data and quasy-unsteady flow data [13].  

1. River geometry data was obtained along 1939 m with a cross section extending from river 

sta. +0.00 (downstream) to river sta. +39.00 (upstream).  

2. Data of sediment is sediment discharge and grain gradation. Sediment discharge was 

obtained from the 2011 BWSS V report. Grain gradation was obtained from sieve analysis 

with sediment samples taken directly from the river. The sieve analysis test is based on 

ASTM D 422 – 63 [14]. In sediment data input using the 25 year planned flood discharge 

which has been calculated from hydrologic analysis.  

3. Input quasy-unsteady flow data use downstream and upstream boundary condition. Use 

“normal depth condition” in the downstream section. In the upstream section, “flow series” 

condition are used, is hydrograph. In this research, Nakayasu”s synthetic unit hydrograph 

method was used   [15].  
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The sediment rate simulation use Meyer Peter Muller method in HEC-RAS 6.0.0 with two 

condition, it’s with check dam and without check dam condition. The sedimentation discharge 

prediction approach use unsteady flow condition using Meyer Peter Muller method [8]. 

 

RESULTS AND DISCUSSION 

Data of river geometry obtained is 1,939 km with cross section stretching from river sta. +0.00 

to river sta. +39.00, where the check dam is located on river sta. +30.00. This simulation use 

planned flood discharge for 25 year with smaller variation in discharge changes, namely Q1 

with value 343.81 m3/s, Q2 with value 171.91 m3/s and Q3 with value 85.95 m3/s. The result of 

the sedimentation rate with check dam can be seen in Table 1 below. 

 

Table 1. Simulation results of sedimentation rate values with check dam 

N

o. 

Riv

er 

Sta

. 

River 

Width 

(m) 

Sedimentation Rate (ton/day/m) 

Q1 = 

343.81 

m3/s 

Q2 = 

171.91 

m3/s 

Q1 = 85.95 

m3/s 

1 34 123.30 56.69 33.73 18.57 

2 33 129.60 42.35 16.76 7.56 

3 32 119.31 59.48 8.93 5.53 

4 31 144.62 5.39 3.68 3.23 

5 30 133.80 3.11 2.81 2.14 

6 29 139.20 18.75 18.87 10.38 

7 28 138.74 20.61 7.52 11.22 

8 27 123.39 4.42 22.39 14.53 

9 26 105.32 41.00 25.42 16.33 

1

0 25 
169.60 

3.92 2.13 1.14 

 

The result of the sedimentation rate without check dam can be seen in Table 2 below. 

 

Table 2. Simulation results of sedimentation rate values without check dam 

N

o. 

Riv

er 

Sta

. 

River 

Width 

(m) 

Sedimentation Rate (ton/day/m) 

Q1 = 

343.81 

m3/s 

Q2 = 

171.91 

m3/s 

Q1 = 85.95 

m3/s 

1 34 123.30 56.69 33.73 18.57 

2 33 129.60 42.27 16.90 7.55 

3 32 119.31 59.64 11.30 5.62 

4 31 144.62 6.93 4.64 6.07 

5 30 133.80 6.27 4.16 3.28 

6 29 139.20 28.50 23.76 13.27 

7 28 138.74 40.81 9.13 11.31 

8 27 123.39 24.74 22.95 14.54 

9 26 105.32 39.02 25.91 16.41 

1

0 25 
169.60 

4.06 2.21 1.17 
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Based on a report from BWSS V in 2011, it was found that sediment rate in the middle segment 

of Batang Kuranji was quite large, it’s ± 566.81 ton/day. In Table 3 below, the sedimentation 

rate value in 2011 per cross section unit.  

 

Table 3. Sedimentation rate values in 2011 

No. 
River 

Sta. 

River 

Width 

(m) 

Sedimentation Rate in 

2011 

(ton/day) (ton/day/m) 

1 34 123.30 566.81 4.60 

2 33 129.60 566.81 4.37 

3 32 119.31 566.81 4.75 

4 31 144.62 566.81 3.92 

5 30 133.80 566.81 4.24 

6 29 139.20 566.81 4.07 

7 28 138.74 566.81 4.09 

8 27 123.39 566.81 4.59 

9 26 105.32 566.81 5.38 

10 25 169.60 566.81 3.34 

 

The result of simulation in this research it’s sedimentation rate with check dam and without 

check dam, with variation of discharge, namely Q1, Q2, and Q3.  

 

Comparison of Sedimentation Rates in 2011 with Simulations without Check dam 

Rate of sedimentation in 2011 is data when the check dam in the middle segment of Batang 

Kuranji has not yet been built. The data is compared with simulation of sedimentation rate 

without check dam. In Figure 2, it can be seen that sedimentation rate simulation result is closest 

to the sediment rate data in 2011, namely the sediment rate with discharge variation Q3. If seen 

the result of simulation in this research, it can be said that the data of sediment rate in 2011 is 

not obtained under maximum planned flood discharge condition. 

 

 
Figure 2. Sedimentation rate graph without check dam at Sta. +25 to Sta. +34 
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Comparison of Sedimentation Rates in 2011 with Simulations with a Check dam 

In Figure 3, it can be seen that the value of sediment rate with check dam in three discharge 

variation is smaller than the sediment rate in 2011, which can be seen in river sta. +30 where 

the check dam is located. where Simulasi laju sedimen dengan check dam dibandingkan dengan 

data laju sedimen tahun 2011. This explain that existence of the check dam is able to reduce the 

rate of sedimentation in the middle segment of Batang Kuranji. 

 

 
Figure 3. Sedimentation rate graph with check dam at Sta. +25 to Sta. +34 

Changes in Flood Discharge on Sedimentation Rate Sta. +31 

The result of changes in flood discharge variation Q1, Q2, and Q3 on changes in sediment 

rate at sta. +31 can be seen in Figure 4 below. 

 

 
Figure 4. Changes in flood discharge on sedimentation rate at Sta. +31 

In Figure 4, it can be seen that there are 2 sediment rate condition, it’s condition with check 

dam and without check dam.  

In condition with check dam: 

1. The result of sediment rate using Q1 is 5.39 ton/day/m. 
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2. The result of sediment rate using Q2 is 3.68 ton/day/m, this value is smaller than using Q1. 

Sediment rate using Q2 is decreased by 31.81% from Q1. 

3. The result of sediment rate using Q3 is 3.23 ton/day/m, this value is smaller than using Q1 

and Q2. Sedimen rate using Q3 is decreased 40.17% from Q1. 

In condition without check dam: 

1. The result of sediment rate using Q1 is 6.93 ton/day/m. 

2. The result of sediment rate using Q2 is 4.64 ton/day/m, this value is smaller than using Q1. 

Sediment rate using Q2 is decreased by 33.07% from Q1. 

3. The result of sediment rate using Q3 is 6.07 ton/day/m, this value is greater than using Q2 

and smaller than using Q1. Sediment rate using Q3 is increased by 30.98% than Q2 and 

decreased by 33.07% than Q1. 

Comparison of sediment rate in condition with check dam and without check dam :  

1. In Q1, it show that the sediment rate with check dam is decreased by 1.54 ton/day/m or 

22.20 %. 

2. In Q2, it show that the sediment rate with check dam is decreased by 0.96 ton/day/m or 

20.74 %. 

3. In Q3, it show that the sediment rate with check dam is decreased by 2.85 ton/day/m or 

46.90 %. 

 

Changes in Flood Discharge on Sedimentation Rate Sta. +30 

The result of changes in flood discharge variation Q1, Q2, and Q3 on changes in sediment 

rate at sata. +30 can be seen in Figure 5 below. 

 

 
Figure 5. Changes in flood discharge on sedimentation rate at Sta. +30 

In Figure 5, it can be seen that there are 2 sediment rate condition,it’s condition with check dam 

and without check dam. 

In condition with check dam: 

1. The result of sediment rate using Q1 is 3.11 ton/day/m. 

2. The result of sediment rate using Q2 is 2.81 ton/day/m, this value is smaller than using Q1. 

Sediment rate using Q2 is decreased by 9.68% from Q1. 
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3. The result of sediment rate using Q3 is 2.14 ton/day/m, this value is smaller than using Q1 

and Q2. Sediment rate using Q3 is decreased by 31.12% from Q1. 

In condition without check dam: 

1. The result of sediment rate using Q1 is 6.27 ton/day/m. 

2. The result of sediment rate using Q2 is 4.16 ton/day/m, this value is smaller than using Q1. 

Sediment rate using Q2 is decreased by 33.71% from Q1. 

3. The result of sediment rate using Q3 is 3.28 ton/day/m, this value is smaller than using Q1 

and Q2. Sediment rate using Q3 is decreased by 47.78% from Q1. 

 

Comparison of sediment rate in condition with check dam and without check dam : 

1. In Q1, it show that the sediment rate with check dam is decreased by 3.17 ton/day/m or 

50.47 %. 

2. In Q2, it show that the sediment rate with check dam is decreased by 1.35 ton/day/m or 

32.52 %. 

3. In Q3, it show that the sediment rate with check dam is decreased by 1.14 ton/day/m or 

34.67 %. 

 

Changes in Flood Discharge on Sedimentation Rate Sta. +29 

The result of changes in flood discharge variation Q1, Q2, and Q3 on changes in sediment 

rate at sta. +29 can be seen in Figure 6 below. 

 

 
Figure 6. Changes in flood discharge on sedimentation rate at Sta. +29 

In Figure 5, it an be seen that there are 2 sediment rate condition, it’s condition with check dam 

and without check dam. 

In condition with check dam: 

1. The result of sediment rate using Q1 is 18.75 ton/day/m. 

2. The result of sediment rate using Q2 is 18.87 ton/day/m, this value is smaller than using 

Q1. Sediment rate using Q2 is increased by 0.65% from Q1. 

3. The result of sediment rate using Q3 is 10.38 ton/day/m, this value is smaller than using 

Q1 and Q2. Sediment rate using Q3 is decreased by 44.66% from Q1. 
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In condition without check dam: 

1. The result of sediment rate using Q1 is 28.50 ton/day/m. 

2. The result of sediment rate using Q2 is 23.76 ton/day/m, this value is smaller than using 

Q1. Sediment rate using Q2 is decreased by 16.64% from Q1. 

3. The result of sediment rate using Q3 is 13.27 ton/day/m, this value is smaller than using 

Q1 and Q2. Sediment rate using Q3 is decreased by 53.44% from Q1. 

Comparison of sediment rate in condition with check dam and without check dam : 

1. In Q1, it show that the sediment rate with check dam is decreased by 9.76 ton/day/m or 

34.22 %. 

2. In Q2, it show that the sediment rate with check dam is decreased by 4.89 ton/day/m or 

20.57 %. 

3. In Q3, it show that the sediment rate with check dam is decreased by 2.90 ton/day/m or 

21.83 %. 

 

Effect of Changes in Discharge on Sedimentation Rate 

The effect of changes in discharge Q1, Q2 and Q3 onnsediment rate at sta. +31, sta. +30 dan 

sta. +29 can be seen in Table 4 below. 

 

Table 4. Effect of changes in discharge on sedimentation rate 

Discharge 

Sedimentation Rate (ton/day/m) 

With Check dam Without Check dam 

Sta. 

+31 

Sta. 

+30 

Sta. 

+29 

Sta. 

+31 

Sta. 

+30 

Sta. 

+29 

Q1 5.39 3.11 18.75 6.93 6.27 28.50 

Q2 3.68 2.81 18.87 4.64 4.16 23.76 

Q3 3.23 2.14 10.38 6.07 3.28 13.27 

 

In Table 4, can be seen that the rate of sediment using Q1 at sta.+30 has the smallest value 

between all the sta. (cross section), both condition with check dam or without check dam. The 

same thing also happened in sediment rate using Q2 and Q3.  

The difference in sediment rate at sta. +31 and sta. +30 : 

1. In Q1, the sediment rate condition with check dam at sta. +30 is decreased by 2.28 

ton/day/m from sta. +31. Sediment rate without check dam at sta. +30 is decreased by 

0.66 ton/day/m from Sta. +31. 

2. In Q2, the sediment rate condition with check dam at sta. +30 is decreased by 0.87 

ton/day/m from sta. +31. Sediment rate without check dam at Sta. +30 is decreased by 

0.48 ton/day/m from sta. +31. 

3. In Q3, the sediment rate condition with check dam at sta. +30 is decreased by 1.09 

ton/day/m from sta. +31. Sediment rate without check dam at sta. +30 is decreased by 

2.79 ton/day/m from sta. +31. 

 

The decrease in sediment rate condition with check dam at sta. +30 has greater value than 

condition without check dam. This is cause the effect of presence the check dam at sta. +30, 

it’s cause value the rate of sediment is experienced a greater decline than the decrease of rate 

sediment without check dam condition. Rate of sediment with check dam is smaller than 

without check dam condition, it’s make the decrease in sediment rate with check dam is greater 

than without check dam condition 
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The difference in sediment rate at sta. +30 and sta. +29: 

1. In Q1, the sediment rate condition with check dam at Sta. +29 is decreased by 15.64 

ton/day/m from Sta. +30. Sediment rate without check dam at Sta. +30 is increased by 

22.23 ton/day/m from Sta. +30. 

2. In Q2, the sediment rate condition with check dam at Sta. +29 is increased by 16.06 

ton/day/m from Sta. +30. Sediment rate without check dam at Sta. +30 is increased by 

19.6 ton/day/m from Sta. +30. 

3. In Q3, the sediment rate condition with check dam at Sta. +29 is incerased by 8.24 

ton/day/m from Sta. +30. Sediment rate without check dam at Sta. +30 is increased by 

9.99 ton/day/m from Sta. +30. 

The rate of sediment at sta. +29 is greater that sediment rate at sta. +30, due to high slope of the 

river bed at sta. +29. The increase in sediment rate with check dam is smaller than the sediment 

rate without check dam, this is due to the effect of the presence of the check dam.  

 

CONCLUSION 

In general, changes in flood discharge can affect sediment rate, the greater the flood discharge, 

the greater sediment rate. At sta. +30, which is the point where the check dam is located, has 

smaller sediment rate when the flood discharge is reduced, whether in condition with check 

dam or without check dam. The same thing happened at sta. +31 which is the location point 

before location of check dam and sta. +29 which is the location point after check dam located. 

However, there are 2 simulation result where when the flow discharge is reduced is cause the 

sediment rate to be slightly higher, it’s the result of sediment rate without check dam at sta. +31 

using Q3 discharge increasing compared to the Q2 discharge however, is decreasing if 

compared with Q1 discharge. The second simulation is the result of sediment rate with check 

dam at sta. +29 using Q2 is slightly higher than Q1. This is cause by other factor beside flow 

discharge, it’s the slope and elevation of the river bed, due to change in river bed elevation after 

the chek dam was built. 

 

Overall, the simulation result show that the sediment rate in condition with check dam has 

decreased compared to condition without check dam, this show that presence of the check dam 

can reduce the sediment rate tha occurred the check dam was built. 
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