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Abstract. The flash flood disaster that hit villages in Sigi Regency has become a serious
concern. This is because the flood carries sedimentary material and trees which cause
damage. It’s called a debris flow. The Sigi Regency Regional Government, in
collaboration with the Sulawesi River Region Office 3 (BWSS 3) and JICA, built several
constructions used to control debris flows in the villages of Salua. This research goals to
determine the characteristics of sedimentation that occurs in the upstream part of Sabo
Dam for the Salua rivers and to calculate the amount of sediment transport that settles in
the upstream part of Sabo Dam. The research method was carried out by taking sediment
samples at several points across the cross section and lengthwise upstream of Sabo Dam.
This sediment samples were taken approximately 500 grams. Then the sediment samples
were tested for sieve analysis and specific gravity. The sieve analysis test is used to
determine the size of the grain that passes the 50% sieve and is included in the calculation
of sediment transport. Data on flow velocity, flow depth and river cross section are used
to calculate the hydraulics of the river. Apart from that, it measures the velocity, depth
and cross-section of the river to analysis sediment transport and the amount of sediment
that settles upstream of Sabo. The research output is the storage capacity of the sabo dam
in relation to the service life of the sabo dam. In addition, sending papers to international
journals and national journals.
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1 Introduction

The Salua River is a river that frequently floods during the rainy season, especially in
the last four years (2019 - 2022)[1]. The flash floods experienced by this village not
only carried water but also rock sediment and pieces of wood or trees. The local
government of Sigi Regency, the Sulawesi River Basin Center 3 (BWSS 3) and the
Japanese corporation (JICA) planned and built a sediment control construction or Sabo
Dam[2]. which is intended to reduce the impact of the debris flow that occurs. The Sabo
Dam was also intended to reduce the contribution of sediment into the Palu River. The
Sabo Dam building functions to hold and control the flow of sediment (debris flow). So
that sediments and other materials that are transported with the flow of water can be
retained and deposited upstream of the Sabo Dam[3].

The problem of sabo dams has attracted a lot of research interest. This is reflected in the
number of studies on sabo dams, especially regarding the problem of sediment transport
rate and storage capacity of sabo dams. The structural approachment (sabodam) should
be combined with non-structural approachment such as restoring land use in the

upstream area for more optimal sedimentation control [4]. Sedimentation causes
siltation in the river which can lead to flooding during the rainy season and drought

© The Author(s) 2025

H. Oshikawa et al. (eds.), Proceedings of the 3rd International Conference on Science in Engineering and
Technology (ICOSIET 2024), Advances in Engineering Research 265,
https://doi.org/10.2991/978-94-6463-768-7_10



82 A. Yunar et al.

season and drought during the dry season. Where the problem that occurs is the Sabo
Dam building which is full of sediment piles and this greatly affects the condition of
the river [5].

Based on the calculation shows the current condition of the building is still safe in the
amount of sediment storage volume. This study aims to determine the effect of
building Consolidation Dam CD 1-1 on the sedimentation rate and the volume of the
container in the building Sabo Dam [6]. The next researcher observed to reduce the
reservoir sedimentation rate have been successfully carried out and moreover the
remaining volume of sediment trapping capacity in the sabo structure is quite large
when debris flows occur after a possible volcanic eruption in the future[7].
Considering the number of tributaries entering the river system and the risk of changes
in land conversion in upstream, the development of Sabo Dam is seen as crucial for
securing the water supply to irrigation as well as functioning as flood control [8].
Researcher estimates actual capacity, several additional steps are needed to be
conducted. By this analysis, it can be defined which factor remains relevant or
eliminated, thus the changing of Purwantoro Formula components to its compounding
factors is inevitable [9].

Sedimentation is one of the serious problems that occur in rivers in Indonesia and also
includes rivers in Central Sulawesi. Salua River is one of the rivers in Central
Sulawesi that has sediment problems. In 2018, due to the high intensity of rainfall
there was a flash flood that carried a lot of material in the form of mud, large stones
and logs that caused damage to residents' homes and closed access to the Palu-Kulawi
axis road [10]. To avoid this from recurring, the Ministry of Public Works and Public
Housing (PUPR) through the Sulawesi River Basin Center (BWSS-III) built a Sabo
Dam around the Kulawi District area, one of which is in the Salua River as a solution
for flood prevention as well as for sediment control[11]. In this regard, it is very
necessary to compute and examine sediment transport on the sabo to identify the
capacities of the sabo and the lifetime of the sabo operation

2 Method and Research

This research is located in Salua River, Pakuli Village, Sigi Regency. Salua Village is
located in Kulawi District, Sigi Regency, Central Sulawesi Province. The Kulawi sub-
district is located along the Palu River, which has an altitude of 250 m above sea level.

(Fig. 1)

In the process of researching the performance of the Sabo building, it requires some
primary data and secondary data. Primary data collected are sediment sample, flow
velocity and flow depth data. Sediment sample data is used to calculate the amount of
sediment transport accommodated in the sabodam building. Sediment sampling is
adjusted to the location of data collection of flow velocity and depth. In one cross
section of the river, 2 to 5 sediment samples were taken, depending on the width of the
river cross section. Flow velocity data was taken using a current meter. That velocity
sampling is taken 0.2 and 0.6 of the flow depths. Furthermore, the results of this
calculation are used to calculate the performance of the sabo dam service against the
sabo service life. The image below shows the sediment data sampling area (Fig. 2). It
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is divided into 7 sections. Each section is divided into several sampling points. This
data will be used to determine the distribution of bottom sediments along the upstream
of the Sabo Dam.
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Figure 1. Location of Sabo Dam Salua
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Figure 2. Bed sediment sampling locations

Samples were collected manually using a shovel and taken to the Soil Mechanics
Laboratory for specific gravity testing and sieve analysis to obtain the gradation of the
bed sediment grains. For secondary data collection, namely the longitudinal profile
map of the river, it is used to determine the sampling location with reference to the
placement of the sabo dam. In this study the sampling location is at the location of
Sabo Dam 1 (SD1) and Sabo Dam 2 (SDz). The transverse map of the river at the sabo
location is used to place the current meter measuring instrument and sediment capture

device. The velocity, depth of flow water and river cross section data are used to
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calculate river hydraulic properties and to analyse sediment storage. While rainfall
data is used to calculate flood discharge with a return period of 5 and 10 years.

3 Result and Discussion

The initial step of this discussion is to analyse the rainfall data with hydrological
calculations that are intended to obtain maximum flood discharge data. The flood
discharge data will be used in the calculation of the bed sediment transport rate in the
further calculations. Table 1 showed that calculation of design rainfall data. By
referring to the rainfall data of the nearest station, namely Bangga Station. The
following is the data from the calculation of the design rainfall of the Bangga
watershed with a return period of 5, 10, 25, 50, and 100 years[12].

Table 1. Calculation of Design Rainfall Metode Log Pearson Type 111

Return  Standart . Skewnes Design rainfall
Period  Deviation og Xi Coefient Frequency (Xi)
(S)}((Bog (mm) (Cs) Ktr (mm)
5 0.5376 1.6836  0.22994 0.855 75.9061
10 0.5376 1.6836  0.22994 1.231 92.6096
25 0.5376 1.6836  0.22994 1.606 112.9493
50 0.5376 1.6836  0.22994 1.834 127.4412
100 0.5376 1.6836  0.22994 2.029 131.3020

The next calculation is the calculation of flood discharge using the Haspers method
with 5-year return period design rainfall. The hydraulics calculation steps of the river
are as follows: the slope = 0.042; width = 90 m; Manning's coefficient (n) = 0.030;
Example of river hydraulics calculation at CS; at the 50-year return period (Qso) =
178.693 m?/det. The main purpose of the sieve analysis test is to identify the gradation
of different sediment diameter sizes, namely dss, dso, dso and deo. From the plot results
of the Sieve Analysis Graph, the gradation of the bed sediment grain size is obtained,
namely d35=0.58 mm, dso=1.3 mm, deo=2.8 mm, d9o=23.0 mm. After conducting sieve
analysis tests on sediment samples, the specific gravity is used to determine the
physical properties and the average density of the soil. From the examination table of
soil specific gravity above, the specific gravity of the sediment sample is 2.65. And
categorized as a type of sand material.

The calculation of bedload transport using the Meyer Peter & Muller (M.P.M)
equation. The prediction of bedload transport is 0.0481 m*/det.m[13]. And the amount
of bedload transport for the entire river width is 3.609 m3/det. In Fig. 3 the Shield
diagram is relationship between the flow velocity (cm/s) and the grain diameter (mm)
to determine the eroding, transporting, or settling of a sediment. It can be seen the
diagram plot showed that with a velocity value of 5.182 m/s and with grain size
CS2.1=0.33 mm, CS22=1.40 mm, CS23=0.5 mm, CS24=2.20 mm, CS25=1.30 mm,
CS26=3.00 mm, CS>7=0.19 mm, CS,5 =1.20 mm and CS,9=0.60 mm, the sediment is
eroded or scouring. Sediment grains are sedimented when the diameter of different
grains is below the Shields line at the same flow rate. When different grain diameters
are above the Shields line at the same flow rate, the sediment grains get transported
and get eroded / scouring. The distribution of the sediment along the river can be seen
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from the grain size that passes through the 50 %, 60 % and 90 % sieves.

This graph shows that grain sizes tend to be larger near the upper reaches of the river
and become finer as they approach the lower reaches of the river. This is due to the
continuous process of erosion and sediment transport along the course of the river.
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Figure 3. Shield’s Diagram

4 Conclusion

Typical influencing factors such as flow velocity, river gradient and river bed
roughness affect the changes in grain size along the length of the river. High flow
velocities can generally transport larger grains, while slower flows deposit smaller
grain sizes. This graph is useful for understanding sedimentation dynamics in river
systems and can assist in river management planning and erosion control.

According to the result of the research and calculation of sediment characteristics, the
sieve analysis at CSz.s obtained grain gradation d3s=0.58 mm, dso=1.30 mm, de=2.80
mm and doe=23 mm. As for the results of the specific gravity test at CS¢3 is 2.65
gr/cm? which is included of sand material. From the calculation of the bed sediment
transport of Sabodam 2 Salua River at CS2s using the Meyer Peter & Muller (M.P.M)
equation, the prediction of bed sediment transport is 0.0481 m3/sec.m. And the amount
of bed sediment transport for the entire river width is 3.609 m? / sec.
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