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Abstract. The Palu River is a main river in Central Sulawesi Province. It supports
the social and economic activities of the community, such as irrigation, fisheries,
and raw water supply. However, high sedimentation rates in recent years have
caused various issues, including riverbed sedimentation, changes in channel
morphology, and increased flood risk. This study aims to examine the
relationship between river discharge and suspended sediment load. The
methodology includes direct field data collection, including river profiles, water
levels, flow velocities, and water samples. Measurements were processed to find
discharge data, and water samples were tested for Total Suspended Solids (TSS).
Correlation and regression analysis methods were used to analyze the
relationship between water discharge and sediment concentration. The results
indicate a significant relationship between river discharge and suspended
sediment load, where an increase in discharge directly leads to a higher volume
of sediment transport. This research is expected to provide a basis for more
effective watershed management to reduce sedimentation impacts. In addition to
its scientific contribution, the direct field measurement and laboratory analysis
methods applied in this study offer substantial educational benefits. The dataset
and procedures can be utilized as practical teaching materials in hydrology, river
engineering, and sediment transport courses to improve students’ competencies
in environmental data collection, interpretation, and water-resources problem-
solving.
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1 Introduction

Rivers are critical to the environmental and socioeconomic stability of many regions,
especially in tropical and developing countries where communities rely heavily on
freshwater resources. They support a wide range of essential functions, including irri-
gation, fisheries, and potable water supply. One such vital system is the Palu River,
located in Central Sulawesi, Indonesia. Functioning as a major drainage artery, it chan-
nels runoff from mountainous upstream areas into Palu Bay, playing a central role in
hydrological regulation, agricultural productivity, and the livelihoods of both urban and
rural populations along its course.
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The Palu River is formed by the confluence of two major tributaries, the Miu and
Gumbasa Rivers. These tributaries span approximately 90 km and flow from southeast
to northwest along a valley that follows the Palu—Koro Fault. The main river originates
in the Kulawi Mountains of Sigi Regency and discharges into Palu Bay. This fault-
aligned channeling significantly influences flow dynamics and sediment transport be-
havior [1].

In recent decades, climate change has significantly intensified the hydrological cy-
cle, particularly in tropical catchments. Observations indicate increases in precipitation
frequency and intensity alongside rising temperatures, amplifying surface runoff and
exacerbating soil erosion. For instance, tropical basins in Southeast Asia have experi-
enced surface runoff increases from 47% to 90% with a 0.6-2.1 °C temperature rise and
0.3-2.7% evapotranspiration rise [2]. Such changes are often accompanied by degraded
land cover and weakened soil cohesion, further elevating runoff and sediment losses.
Globally, models predict that intensified rainfall events will drive higher sediment
yields and alter discharge regimes, especially in tropical river systems [3]. This under-
scores climate change as a powerful driver of both hydrological and erosion processes
within the Palu Basin, necessitating integrated watershed and disaster risk management
strategies.

In recent years, increased sedimentation has emerged as a major concern in the Palu
River system, reducing conveyance capacity, altering flow regimes, and increasing
flood risk—especially in downstream urban centers such as Palu City. Sedimentation
not only has hydrological implications but also contributes to water quality decline and
poses risks to infrastructure such as bridges [4][5], levees, and irrigation systems. Sed-
iment transport in rivers [6] involves a sequential process of erosion, transport, deposi-
tion, and compaction. Among these, suspended sediment transport plays a pivotal role,
particularly during high-flow events. This involves fine-grained particles that remain
suspended due to turbulent flow dynamics. [7] describe how turbulence maintains sed-
iment in suspension, while [8] distinguish between bedload and suspended load
transport, with the latter often dominating sediment flux patterns. A significant eleva-
tion difference between the river’s upstream and downstream reaches creates favorable
conditions for sediment transport. However, in the segment that flows through Palu
City located near the estuary the slope becomes much gentler. This reduction in gradient
lowers the river's sediment transport capacity, resulting in gradual sediment deposition
[9].

Urban areas such as Palu City are particularly vulnerable to such sedimentation is-
sues. [10] emphasizes that elevated sediment loads can lead to siltation, morphologic
channel changes, and diminishing hydraulic capacity, all of which can escalate flood
hazards and degrade riverine ecosystems. These issues are typically compounded by
anthropogenic disturbances such as deforestation, land-use change, and unregulated
construction in upstream catchments that exacerbate erosion and sediment delivery
downstream. Seasonal discharge variability, oscillating between rainy and dry periods,
also drives corresponding fluctuations in sediment transport rates [11].

Robust measurement and modeling of suspended sediment transport are essential but
challenging [7][8]. While direct sampling is widely regarded as the most reliable
method, it is logistically demanding and expensive. Consequently, empirical and semi-
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empirical models are frequently employed to estimate sediment loads based on dis-
charge and sediment concentration data [10]. However, the validity of these formulas
varies significantly depending on local hydrological and morphologic contexts. Cali-
bration and validation against field data are therefore essential for ensuring their accu-
racy [6].

Beyond its scientific relevance, sediment transport research also plays an important
educational role within civil and environmental engineering programs. Field-based
measurements such as flow velocity profiling, cross-section surveys, and suspended
sediment sampling provide authentic learning experiences that help students connect
theoretical hydraulic concepts with real environmental conditions. The analytical pro-
cedures used in processing discharge and TSS data can further support practicum ac-
tivities, computational exercises, and case-based discussions in sediment transport
courses.

Therefore, incorporating local river case studies such as the Palu River into the learn-
ing process can enhance students’ understanding of fluvial processes, foster critical
thinking, and develop professional skills in watershed assessment and sustainable river
management.

This study aims to examine the relationship between river discharge and suspended
sediment load in the Palu River. The findings are expected to support flood risk man-
agement and sustainable watershed planning in sediment-prone catchments, while also
contributing to more accurate hydrological modeling and infrastructure design in re-
gions with conditions similar to the Palu Basin.

2 Materials and Methods

2.1  Study Area

This study was conducted on the Palu River, located in Central Sulawesi, Indonesia,
with the research site centered at the Maesa—Nunu Suspension Bridge (Figures 1 and
2). The river's basin is the Palu Watershed, a subbasin of the Palu—Lariang River Basin.
The Maesa—Nunu Suspension Bridge, spanning 73 meters, connects Miangas Street and
Nunu Village. This location was selected due to its strategic position, ease of access,
and relevance for observing hydrodynamic behavior and sediment transport processes.
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Fig. 1. Location of the study area along the Palu River.

Fig. 2. Maesa—Nunu Suspension Bridge over the Palu River.

2.2 Data Collection

Field data were collected through direct measurements at the Maesa—Nunu Suspension
Bridge over a six-month period, from November 1, 2024, to April 30, 2025, during the
transition between the wet and dry seasons. The following parameters were recorded:

e Riverbed Profile: Cross-sectional measurements were conducted to characterize the
riverbed morphology (Figure 3).
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e Flow Velocity: Velocity measurements were taken at multiple verticals across the
river cross-section using calibrated current meters.

e Water Surface Elevation: A staff gauge was installed to monitor daily fluctuations
in water level (Figure 4).

e Suspended Sediment Sampling: Water samples were collected using a Van Dorn
Water Sampler to obtain suspended sediment concentrations (Figure 5).

Fig. 5. Suspended sediment sampling using a Van Dorn Water Sampler.

2.3  Laboratory Analysis

Laboratory analysis determined the suspended sediment concentration for water sam-
ples taken in the field. The samples were filtered, dried, and weighed to obtain the sed-
iment mass per unit volume (mg/L). These values were used to estimate sediment load.
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3 Results and Discussion

3.1 River Cross-Section Profile

A cross-section of the Palu River was measured at the Maesa—Nunu Suspension Bridge
to analyze the river morphology. The bridge's elevation and length were measured with
a geodetic GPS. Depths were recorded using a weighted concrete cube lowered to the
riverbed at 10-meter intervals along the bridge. These measurements enabled the crea-
tion of a cross-sectional profile of the river channel. The survey method is shown in
Figure 6.

Maesa Nunu

Fig. 6. Cross-section of the Maesa-Nunu Suspension Bridge of Palu River.

This geometric characterization provides a basis for evaluating flow hydraulics and
sediment transport capacity, both of which are sensitive to channel shape. Understand-
ing cross-sectional variability is also important for modeling flow resistance and flood
routing.

3.2 Water Level

A water level gauge was installed 8.1 meters from the left side of the bridge to monitor
daily water surface elevations. Observations were conducted over a six-month period,
from November 1, 2024, to April 30, 2025 (Figure 7). The recorded data indicate a
maximum water level of 2.0 meters in January 2025, a minimum level of 0.36 meters
in February 2025, and an average level of 0.9 meters throughout the observation period.
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Fig. 7. Graph water level hydrograph.

By correlating the cross-sectional measurements of the river with the recorded water
level data, the corresponding wetted cross-sectional area of the river channel was de-
termined. The figure below illustrates the relationship between water level and wetted
cross-sectional area.
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Fig. 8. Graph of the relationship between flow depth and cross-section area
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3.3  Flow Velocity

Flow velocity was measured at multiple points across the river cross-section using a
current meter. The collected data were used to analyze the relationship between flow
depth and velocity, resulting in a velocity—depth curve shown in Figure 9. These meas-
urements reveal the spatial variation in hydraulic energy, which directly influences sed-
iment entrainment and transport mechanisms.
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Fig. 9. Graph of the relationship between water level and flow velocity
Table 1 shows the velocity data collected using the current meter. A positive correlation
between flow depth and velocity was observed, consistent with open-channel flow be-

havior under subcritical conditions.

Table 1. Flow Velocity.

Date h (m) v (m/s)
March 8, 2025 0.65 0.9
March 9, 2025 0.7 0.9
March 12, 2025 0.77 1.1
May 20, 2025 1.06 1.2
June 1, 2025 1.1 1.2
June 2, 2025 1.1 1.3

June 8, 2025 1.3 1.4
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3.4  Discharge Estimation

This data was used to calculate river discharge using the velocity—area method. The
results showed a maximum discharge of 296.07 m3/s, a minimum discharge of 39.78
m?3/s, and an average discharge of 96.43 m?®/s (Figure 10).
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Fig. 10. Graph of a discharge hydrograph.

3.5 Suspended Sediment Concentration

Suspended sediment sampling was carried out with flow measurements to assess sedi-
ment dynamics. Field variables recorded included river width, water surface elevation,
depth, and flow velocity. Suspended sediment samples were measured in the laboratory
to obtain the concentration in mg/L (Table 2).

Table 2. Suspended Sediment Concentration (SSC).

h (m) Weight (mg)  Volume (L) mg/L SSC (kg/m?)
0.52 10 0.031 322.5806 0.3226
0.59 20 0.030 666.6667 0.6667
0.60 30 0.032 937.5000 0.9375
0.65 30 0.042 714.2857 0.7143
0.70 40 0.037 1081.0811 1.0811
0.70 30 0.038 789.4737 0.7895
0.70 30 0.039 769.2308 0.7692
0.76 30 0.030 1000.0000 1.0000
0.84 40 0.030 1333.3333 1.3333
0.90 50 0.043 1162.7907 1.1628
0.94 40 0.040 1000.0000 1.0000
0.98 40 0.035 1142.8571 1.1429

1.3 50 0.033 1515.1515 1.5152

1.4 80 0.041 1951.2195 1.9512
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Fig. 11. Graph of a relationship between suspended sediment concentration and flow depth.

Figure 11 shows the suspended sediment concentration-flow depth relationship. The
testing and results are provided in Figure 12 and Table 2. It shows that the sediment
concentration is increasing with depth and velocity, suggesting intensified turbulence
and sediment entrainment during higher flow conditions.

Fig. 12. Suspension Sediment Concentration testing.
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3.6 Temporal Variability of Sediment Concentration

Sediment samples were collected during six months of monitoring for flooding and dry
conditions. The maximum suspended sediment concentration was measured in January
2025 as 2.65 kg/m? (flood), whereas the minimum value was observed in February 2025
with 0.37 kg/m? (dry-season recession flow). This change is shown in Figure 13, which
shows the influence of hydrological variations on sediment movement. Based on the
suspended sediment concentration data, the suspended sediment load was calculated
for the total monitoring period. The resulting trend of discharge is shown in Figure 14.
The highest suspended sediment discharge was 65,808 tons per day, the lowest was
1,298 tons per day, and the average was 11,010 tons per day.

These findings support wider research that connects increased sediment mobilization
with storm-driven discharge events, especially in areas with steep terrain and easily
eroded soils. They highlight the need to monitor sediment loads as hydrometeorological
conditions change, particularly considering climate-driven increases in rainfall inten-
sity and frequency.
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Fig. 13. Graph of a relationship between sediment concentration and time.



Suspended Sediment Transport of the Palu River in the Palu City ... 29

70000
60000
50000
40000

30000

Qs (ton/day)

20000

10000 VVV \VV\\

0
25/10/24  24/11/24 24/12/24  23/01/25 22/02/25 24/03/25 23/04/25

Time

Fig. 14. Graph of a relationship between suspended sediment discharge and time.

The results of the suspended sediment analysis reveal a relationship between river
discharge and suspended sediment discharge, as shown in Figure 15.
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Fig. 15. Graph of a relationship between river discharge and suspended sediment load.

4 Conclusion

This study has confirmed the high and significant correlation of river discharge with
suspended sediment load in the Palu River, particularly in the section of the Maesa—
Nunu Bridge. Results indicate that the suspended sediment concentrations are higher at
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higher discharges and flow depths, primarily caused by the more intense turbulence and
sediment entrainment during flood periods. These findings underscore the importance
of hydrodynamic conditions on sediment transport in tropical rivers.

The study offers quantitative insights into river morphology, flow velocity patterns,
and sediment concentration dynamics through systematic field measurements and la-
boratory analyses. The results confirm that seasonal changes especially during flood
events significantly increase sediment mobilization. This supports broader evidence
that hydrometeorological variability, intensified by climate change, is changing sedi-
ment behaviors in at-risk watersheds.

Alongside these scientific implications, this research also contributes to educational
development in water resources engineering. The field dataset, measurement tech-
niques, and analysis workflow can be integrated into university-level practical classes
to strengthen students’ abilities in hydraulic surveying, sediment data analysis, and
model validation. The results may also serve as a case study for software-based simu-
lations, such as HEC-RAS sediment modeling, supporting competency-based learning
in rivers and sediment transport courses.

In general, the results contribute to a better understanding of sediment transport in
the Palu River system. They may provide scientific foundations for sediment monitor-
ing, improved, optimal flood control projects, and ecosystem-based watershed manage-
ment. Due to the growing influence of climate extremes and land-use patterns in the
area, it is urgent to maintain the ecological and hydraulic services of the Palu River
Basin through the monitoring and adaptive planning process.
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