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Abstract. The aim of this study is to quantify the changes in riverbed elevation 
due to sedimentation in the Palu River and to assess the depth of scouring at the 
bridge pier of the Palu IV Bridge using simulation methods with the HEC-RAS 
(Hydrologic Engineering Center-River Analysis System) software. The required 
data includes sediment data, river topography, and average discharge data. Based 
on simulation results over a 23 month period using average discharge from 2002 
to 2007 (Q = 83,569 m3/s at the upstream boundary and a riverbed slope of 
0.00082 at the downstream boundary), the sediment transport analysis revealed 
that 17 out of 41 river stations experienced aggradation. The highest aggradation 
occurred at river station 0.4 with a value of +0.37260 m. Additionally, 21 out of 
41 river stations experienced degradation, with the highest degradation observed 
at river station 9 with a value of -0.09394 m. The average aggradation and 
degradation values of 3.86 cm and 3.55 cm. Based on the Meyer Peter Muller 
transport function, the average scour depth at the piers of the Palu IV Bridge was 
-2.80 m.

 Keywords: Transport Sediment, Scour, Palu IV Bridge.

1 Introduction 

The river mouth is the point where the river ends and meets the sea. The problem of the 
river mouth can be viewed from the perspective of the mouth of a river and the estuary. 
The mouth refers to the furthest point of the river that is directly connected to the sea, 
while the estuary is the part of the river that is influenced by tidal movements. [1]. The 
area of the estuary of the Palu River was part of the river Palu and of the waters of the 
Gulf of Palu, which were in the Palu City. The river area has a length of about 102 km 
and an area of about 339,775 Ha. The flow of the Palu River that flows into the coastal 
waters of the Gulf of Palu has a significant impact on the formation of coastal areas. 
The Palu River transports sediment material from the upstream areas and disperses it 
into the river waters until it reaches Palu Bay. One of the reasons for the transported 
material is the sand dredging activities in the river channel (excavation activities), which 
result in land prone to rainwater erosion and the development of settlements that do not 
adequately consider environmental factors [2]. Additionally, the natural disaster that 
occurred in Palu City on September 28, 2018, also caused erosion along the riverbanks. 
Silting due to the sedimentation process is a common problem at the mouth of the Palu 
River.

 
Sedimentation is a process where material from the river or its source settles or 
accumulates in a particular place, forming sediment or deposits, which can even become 
sedimentary rock. This process typically occurs in river areas experiencing
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erosion, where the river's material is carried by the current towards the coast or a lake 
[3]. The abundant sediment deposits at the river mouth can result in the narrowing of 
the river flow, a decrease in depth at the river mouth, and disruptions to the river's 
discharge flow towards the sea. This hindered flow can trigger flooding in the 
upstream areas [4]. 
This study conducts an analysis to determine the extent of elevation changes occurring 
at the river mouth's bed and the scouring of the piers of the Palu IV bridge due to 
sediment movement. The modeling is performed using the HEC-RAS program. 

2 Methods

2.1 Study Area

The research location extends from Palu I Bridge to Palu IV Bridge, which lies 
between two districts: East Palu and West Palu. The distance between Palu I Bridge 
and Palu IV Bridge is approximately ±1500 meters with varying elevations. The 
research location can be seen in Figure 1. 

Fig. 1. Reseacrh Location, Palu River 

2.2 Data Inputs

Topographic data of the Palu River for 2023, obtained from the General Directorate of 
Water Resources of the Sulawesi River Region III . Flow data of the Palu River from 
2002-2007 (AWLR) obtained from the hydrology department of the General 
Directorate of Water Resources of the Sulawesi River Region III. Palu River sediment 
size data from direct research results. 
The topography of the Palu River is divided into 45 longitudinal stations along the 
river, with varying distances between stations of 40 meters, 20 meters, 15 meters, and 
10 meters. The discharge data used consists of the average discharge from the years 
2002-2007. Three sediment bed samples are used to determine the bed roughness 
coefficient of the river. 

2.3 HEC-RAS Settings

Geometric  model  preparation  in  HEC-RAS  is  done  using  the  Geometry  Data menu



 

 

 

   Sediment Transport Simulation at the Mouth of the Palu River          13

under the File section. In this part, topographic data is input, including both 
longitudinal and cross-sectional profiles of the modeled river. Input flow data using 
the quasi-unsteady flow (sediment) data feature in HEC-RAS, and enter condition 
data including discharge data as the upstream boundary and bed slope data as the 
downstream boundary. Input sediment data using the sediment data feature in HEC- 
RAS. 

3 Result and Discussion 
3.1 Soil Sample Test Result 

The sediment size distribution data for the Palu River was obtained from direct 
research, sampling at three points from the Palu I Bridge extending 1,500 meters 
downstream. In this study, the sediment size data is used as input sediment data in 
HEC-RAS and for determining the channel bed roughness coefficient (Manning's n) 
using the sediment size d50. The Manning's coefficient (n) based on the d50 grain size 
is calculated using the Strikler equation. Can be seen in the Table 1. 

Table 1. Table Soil sample test result 

% Grain Size Diameter (mm) 
Sample 1 Sample 2 Sample 3 

d50 4 5.8 9.5 
The Manning's coefficient (n) 0.581 0.618 0.671 

3.2 Result of Simulation 

The results of the sediment transport simulation show changes in riverbed elevation 
caused by sediment movement, including aggradation and degradation, occurring over 
the specified time period, can be seen in the Figure 2. 

 

Fig. 2. The Riverbed Elevation Changes 

Based on Figure 2, changes at the riverbed elevation of the Palu River in the 
downstream section are visible. At the start of the simulation, the riverbed elevation 
was 0.7 meters, and by the end of the simulation, it had changed to 0.687 meters. This 
indicates erosion (degradation) in the downstream area of -0.01214 meters. In 
contrast, no changes at riverbed elevation were observed in the upstream area. The 
changes at riverbed elevation are summarized in Table 2 below. 
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Table 2. Final Simulation Changes in Riverbed Elevation 

River 
 

Segmen 

 
River 

Station 

Station 
distance 

(m) 

Initial bed 
elevation 

(m) 

Final bed 
elevation 

(m) 

Elevati 
on 

changes 
(m) 

 
 

Explanation 

S.Palu I 38 20 1.809902 1.809992 0.00000 Unchanged 
S.Palu I 37 40 1.690116 1.690116 0.00000 Unchanged 

S.Palu I 36 40 1.520038 1.518501 
- 

0.00154 Degradation 

S.Palu I 35 40 1.669999 1.66846 - 
0.00154 Degradation 

S.Palu I 34 40 1.220114 1.220374 0.00026 Aggradation 

S.Palu I 33 40 1.53985 1.538307 
- 

Degradation 0.00154 
S.Palu 
S.Palu 

I 
I 

32 
31 

40 
40 

1.079906 
1.229868 

1.080039 
1.235647 

0.00013 
0.00578 

Aggradation 
Aggradation 

S.Palu I 30 40 0.819912 0.821634 0.00172 Aggradation 

S.Palu I 29 40 1.63007 1.626946 
- 

0.00312 Degradation 

S.Palu I 28 40 1.759915 1.755241 
- 

0.00467 Degradation 

S.Palu I 27 40 1.520038 1.516935 - Degradation 0.00310 
S.Palu 
S.Palu 

I 
I 

26 
25 

40 
40 

1.449934 
1.509979 

1.452579 
1.513588 

0.00265 
0.00361 

Aggradation 
Aggradation 

S.Palu I 24 40 1.709928 1.709928 0.00000 Unchanged 
S.Palu I 23 40 1.649882 1.651465 0.00158 Aggradation 
S.Palu I 22 40 1.039978 1.044629 0.00465 Aggradation 
S.Palu I 21 40 0.869899 0.875837 0.00594 Aggradation 
S.Palu I 20 40 0.580034 0.582878 0.00284 Aggradation 

- 
S.Palu I 19 40 1.499921 1.495058 0.00486 Degradation 

- S.Palu I 18 40 1.459992 1.433629 0.02636 Degradation 

S.Palu I 17 40 1.210056 1.165253 -0.4480 
- 

Degradation 

S.Palu I 16 40 1.100023 1.075081 0.02492 Degradation 

S.Palu I 15 40 1.199998 1.1807 - 
0.01930 Degradation 

S.Palu I 14 40 1.100023 1.079377 
- 

0.02065 Degradation 

S.Palu I 13 40 1.590142 1.562642 
- 

0.02750 Degradation 

S.Palu I 12 40 0.809853 0.740543 - 
0.06931 Degradation 

S.Palu I 11 40 1.170127 1.103418 
- 

0.06671 Degradation 

S.Palu I 10 40 1.640129 1.550275 
- 

0.08985 Degradation 

S.Palu I 9 40 1.749857 1.655915 - 
0.09394 Degradation 

S.Palu I 8 40 1.489862 1.455533 
- 

0.03433 Degradation 

S.Palu I 7 40 1.399946 1.392791 Degradation
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S.Palu 
S.Palu 

 

I 
I 

 

6 
5 

 

40 
40 

 

0.850087 
0.940003 

0.852042 
0.942130 

0.00716  

0.00196 
0.00213 

Aggradation 
Aggradation 

S.Palu I 4 40 1.010107 1.007117 
- 

0.00299 Degradation 

S.Palu I 3 40 1.069848 1.093485 0.02364 Aggradation 
S.Palu I 2 40 1.039978 1.085486 0.04551 Aggradation 
S.Palu I  1 15 1.000049 1.019219 0.01917 Aggradation 
S.Palu I 0.5 20 0.700125 0.863355 0.16323 Aggradation 
S.Palu I 0.4 10 0.700125 1.072725 0.37260 Aggradation 

S.Palu I 0 0 0.700125 0.687987 - 
0.01214 

Degradation 

3.3 Change at River Bed Elevation due to Aggradation 

Aggradation is the result of an increase in riverbed elevation due to sediment 
deposition. According to the simulation results, aggradation occurred at 17 stations, 
RS 34, RS 32, RS 31, RS 30, RS 26, RS 25, RS 23, RS 22, RS 21, RS 20, RS 6, RS 5, 
RS 3, RS 2, RS 1, RS 0.5, and RS 0.4, the highest aggradation was observed at RS 
0.4, where the riverbed elevation increased by +0.37260 meters by the end of the 
simulation. Can be seen in Table 3 and Figure 3. 

Table 3. Elevation change of RS 0.4 

Time Initial elevation (m) Final elevation (m) Elevation changes (m) 

Jan 2023 0.7 0,7 0 

Mar 2023 0.7 0.7189257 + 0.0189257 
May 2023 0.7 0.7409529 + 0.0409529 

Jul 2023 0.7 0.7612869 + 0.0612869 

Sep 2023 0.7 0.7853141 + 0.0853141 

Nov 2023 0.7 0.8107897 + 0.1107897 

Jan2024 0.7 0.8385111 + 0.1385111 
Mar 2024 0.7 0.8648615 + 0.1648615 

May 2024 0.7 0.8956122 + 0.1956122 

Jul 2024 0.7 0.9322171 + 0.2322171 

Sep 2024 0.7 0.9921012 + 0.2921012 

Nov 2024 0.7 1.072725 + 0.372725 
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Fig. 3. Graphic Elevation Change of RS 0,4 

3.4 Change at River Bed Elevation due to Degradation 

 

Degradation is a result of decrease in riverbed elevation due to sediment erosion. 
According to the simulation results, degradation occurred at 21 stations: RS 36, RS 
35, RS 33, RS 29, RS 28, RS 27, RS 19, RS 18, RS 17, RS 16, RS 15, RS 14, RS 13, 
RS 12, RS 11, RS 10, RS 9, RS 8, RS 7, RS 4, and RS 0. The highest degradation was 
observed at RS 9, where the riverbed elevation decreased by -0.09394 meters by the 
end of the simulation. Can be seen in Table 4 and Figure 4. 

Table 4. Elevation change of RS 9 

Time Initial elevation (m) Final elevation (m) Elevation changes (m) 
Jan 2023 1,75 1,75 0 
Mar 2023 1,75 1.739838 -0.010162 
May 2023 1,75 1.726832 -0.023168 
Jul 2023 1,75 1.715743 -0.034257 
Sep 2023 1,75 1.706441 -0.043559 
Nov 2023 1,75 1.697123 -0.052877 
Jan 2024 1,75 1.690336 -0.059664 
Mar 2024 1,75 1.683872 -0.066128 
May 2024 1,75 1.676945 -0.073055 
Jul 2024 1,75 1.670329 -0.079671 
Sep 2024 1,75 1.663975 -0.086025 
Nov 2024 1,75 1.655915 -0.094085 
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Fig. 

 

3.5 T

4. Graphic Elevation Change of RS 9 

he elevation of the riverbed remains unchanged 

Base
any s
Table

d on the results of the simulation conducted at stations that have not experienced 
ignificant changes or stability, namely RS 38, RS 37, and RS 24. Can be seen in 
 5 and Figure 5. 

Table 5. Elevation change of RS 24 

ime Initial elevation (m) Final elevation (m) Elevation changes (m) 
2023 1.71 1.71 0 

r 2023 1.71 1.71 0 
y 2023 1.71 1.71 0 
2023 1.71 1.71 0 
 2023 1.71 1.71 0 

v 2023 1.71 1.71 0 
2024 1.71 1.71 0 

r 2024 1.71 1.71 0 
i 2024 1.71 1.71 0 
2024 1.71 1.71 0 
 2024 1.71 1.71 0 

v 2024 1.71 1.71 0 
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Fig. 5. Graphic Elevation of RS 24 

3.6 Scouring Around Bridge Piers 

The HEC-RAS simulation results show the depth of scouring occurring around the 
bridge piers. The input data used for the simulation included sediment samples with 
d50 = 9.5 mm and d95 = 22 mm. The computed scour depths around the bridge piers are 
detailed in Figure 6. 

 

Fig. 6. Scouring of Bridge Piers 

The factors that influence the depth of the hole on a bridge pier are the width of the 
pier, the size of the gradient of the bed material of the river, the flow velocity, flow 
depth, drainage, pier length if bending from the current, the angle of the incoming 
stream, the shape of the pier, and the configuration of the foundation of a river. Based 
on the results of simulations using HEC-RAS, the depth of the bridge pier at the 
average discharge, Q = 83,599 m3/s, is 2.70 m for pier I and 2.90 m for pier II. 

4 Conclusions

 

As for the conclusion of the simulation of the bed sediment transport at Palu River 
using the HEC-RAS model, it is as follows: 1) The change at the bed elevation of the 
Palu River at the end of the sediment transport simulation resulting from 
sedimentation ranges from -9.39 cm to +37.26 cm if the allowed value is 3.86 cm 
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combined with an average degradation value of 3.55 cm based on the Meyer Peter 
Muller transport function. 2) The cracks that occur on the Palu Bridge IV piers in 
average discharge conditions, Q = 83,569 m3/s if the two piers are jointly crackled to a 
depth of 2.80 m. 
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