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Abstract

Sedimentation is one of the biggest challenges facing irrigation systems. Sedimentation
can cause canal clogging, water quality decline, and irrigation efficiency loss.
Consolidation Dams (CDs) are simple structures that can be used to reduce
sedimentation. CDs slow the water flow, allowing sediment to settle behind the structure.
This research was conducted to assess the effectiveness of CDs in reducing sedimentation
in DI Gumbasa, Central Sulawesi. The study used quantitative and qualitative
approaches to understand CDs' impact comprehensively of CDs. The study results
showed that CDs effectively reduce sedimentation in DI Gumbasa. The sedimentation rate
decreased significantly in areas with CDs. This sedimentation reduction positively
impacts irrigation efficiency, water quality, and community well-being. The study also
found that CDs have a varying impact on different parts of the irrigation system.
Stakeholder feedback is important to identify and address this variation. Overall, the
study shows that CDs are an effective intervention for reducing sedimentation in
irrigation systems. CDs can improve irrigation efficiency, water quality, and community
well-being.

Keywords: Consolidation Dams, Sedimentation, Irrigation, DI Gumbasa, Central
Sulawesi.

1. Introduction

Rivers are lifelines for agricultural communities, and the Gumbasa River in Sigi, Central
Sulawesi, is a testament to these water bodies' vital role in sustaining livelihoods. Nestled
within the picturesque landscapes of Central Sulawesi, the Gumbasa River traverses
through the heart of the DI Gumbasa area, serving as a primary water source for irrigation
purposes. However, despite its significance, the river grapples with a pressing issue that
threatens the very essence of its existence — sedimentation [1].

Sedimentation, the process by which eroded soil and debris settle in a water body, has
emerged as a formidable challenge along the banks of the Gumbasa River. The
accumulation of sediments alters the river's natural morphology and poses a severe threat
to the efficiency and sustainability of the irrigation systems that depend on its waters. As
sedimentation rates escalate, the capacity of the river to supply water for agricultural
purposes diminishes, jeopardizing the agricultural productivity of the entire DI Gumbasa
area [2].

In response to this escalating concern, efforts have been made to explore innovative
solutions to mitigate the adverse impacts of sedimentation. Among these solutions,

! Postgraduate Civil Engineering, Institut Teknologi Nasional Malang, Indonesia
2 postgraduate Civil Engineering, Institut Teknologi Nasional Malang, Indonesia



Erni Yulianti et al. 104

Consolidation Dams (CDs) have garnered significant attention for their potential to
manage sedimentation in river systems effectively. These structures, strategically
positioned along riverbanks, are designed to slow the water flow, allowing sediments to
settle before reaching downstream areas. While CDs have been implemented in various
regions worldwide with promising results, their efficacy in the context of the Gumbasa
River and the DI Gumbasa area remains a subject of inquiry [3].

The Gumbasa River in Sigi, Central Sulawesi, is crucial in providing water for
agricultural irrigation within the DI Gumbasa area. However, over the years,
sedimentation has become a major concern, threatening the efficiency and sustainability
of the irrigation system. Sedimentation, the process of soil and debris accumulation,
occurs naturally in river systems but can be exacerbated by human activities such as
deforestation, land clearing, and improper land management practices [4]. In the case of
the Gumbasa River, factors such as erosion from surrounding agricultural lands and
mining activities contribute to the accelerated sedimentation rates, exacerbating the
problem.

The DI Gumbasa area relies heavily on the Gumbasa River for its agricultural water
needs. Sedimentation not only reduces the water-carrying capacity of the river but also
leads to sediment deposition in irrigation channels, obstructing the flow of water and
reducing the effectiveness of irrigation systems [5]. As a result, farmers in the DI
Gumbasa area face challenges in maintaining a consistent water supply for their crops,
ultimately impacting agricultural productivity and livelihoods.

Various strategies have been proposed to address these challenges, with Consolidation
Dams (CDs) emerging as a potential solution to mitigate sedimentation in river systems.
CDs, also known as sedimentation control or check dams, are engineered structures that
slow river water flow, allowing sediments to settle out before reaching downstream areas.
By trapping sediment, CDs help to reduce sedimentation rates in rivers and improve
water quality [6].

However, the effectiveness of CDs in the context of the Gumbasa River and the DI
Gumbasa area remains to be determined. Factors such as the local hydrological
conditions, sediment load, and design of the CD structures can influence their
performance. Therefore, a comprehensive assessment is needed to evaluate the efficacy of
CDs in reducing sedimentation rates and improving the overall health of the Gumbasa
River ecosystem.

This journal aims to fill this knowledge gap by thoroughly evaluating the Efficiency of
Consolidation Dams (CDs) in mitigating sedimentation within the DI Gumbasa area.
Through field observations, data analysis, and modelling techniques, the study seeks to
provide valuable insights into the effectiveness of CDs as a sediment management
strategy in river systems. By understanding the factors that influence the performance of
CDs, policymakers, water resource managers, and local communities can make informed
decisions regarding the management and conservation of the Gumbasa River and its
associated irrigation systems.

2. LITERATURE REVIEW
2.1 The Impact of Sedimentation on Irrigation Systems

Sedimentation poses a significant threat to the efficiency and sustainability of irrigation
systems worldwide. It is a phenomenon characterized by the gradual accumulation of
sediment, which can lead to reduced water-carrying capacity, blockage of irrigation
channels, and decreased soil fertility. Understanding the origins and implications of
sedimentation is crucial for devising effective mitigation strategies and safeguarding
agricultural productivity [7].
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Sedimentation originates from various sources, ranging from natural processes to human
activities. Soil erosion, triggered by factors such as rainfall, wind, and agricultural
practices, is a primary contributor to sedimentation in water bodies. As soil particles are
dislodged and transported by erosive forces, they eventually settle in riverbeds,
reservoirs, and irrigation canals, impeding the flow of water and diminishing its quality

(8].

In addition to soil erosion, sedimentation can result from geological processes such as
rock weathering and mass movements. Weathered rocks and sediments are gradually
transported by rivers and streams, gradually accumulating in low-lying areas and water
bodies. Similarly, landslides and slope failures can introduce large volumes of sediment
into river systems, causing abrupt changes in channel morphology and sediment transport
dynamics.

Furthermore, human activities, including urbanization, deforestation, and
industrialization, can exacerbate sedimentation rates in waterways. Urban development
alters natural landscapes, increasing surface runoff and sediment yield to nearby rivers
and streams. Deforestation removes vegetation cover, exposing soil to erosion by rainfall
and runoff. Industrial activities, such as mining and construction, can disturb soil and
rock formations, releasing sediments into water bodies through surface runoff and erosion

[9].

The consequences of sedimentation on irrigation systems are manifold and far-reaching.
One of the most immediate impacts is the reduction of water-carrying capacity in
irrigation channels and canals. As sediment accumulates along channel beds and banks,
the available space for water flow diminishes, leading to increased water levels and
reduced conveyance efficiency. This not only impedes the delivery of water to
agricultural fields but also increases the risk of flooding during heavy rainfall events.

Moreover, sedimentation can result in the clogging of irrigation infrastructure, such as
intake structures, pumps, and filters. Fine sediments suspended in water can infiltrate
irrigation systems, causing blockages and damage to mechanical components. This
necessitates frequent maintenance and cleaning operations, adding to the operational costs
and logistical challenges faced by farmers and water managers [10].

Beyond the physical impacts, sedimentation can also have detrimental effects on soil
fertility and agricultural productivity. Sediment-laden water carries nutrients, organic
matter, and contaminants that can either enrich or degrade soil quality, depending on their
composition and concentration. While moderate sediment deposition can replenish soil
nutrients and enhance fertility, excessive sedimentation can smother crops, inhibit root
growth, and promote soil erosion [11].

In light of these challenges, addressing sedimentation in irrigation systems requires a
multifaceted approach that integrates engineering, hydrology, and land management
strategies. Structural measures such as sediment traps, check dams, and sedimentation
basins can help intercept and retain sediment before it reaches irrigation infrastructure.
These structures slow down water flow, allowing sediment to settle out and reducing the
risk of sedimentation downstream.

Furthermore, implementing soil conservation practices, such as contour plowing,
terracing, and cover cropping, can minimize soil erosion and sediment transport from
agricultural fields to waterways. Vegetative buffers along riverbanks and riparian zones
can stabilize soil, absorb excess nutrients, and filter sediment-laden runoff before it enters
irrigation canals [12].

Additionally, promoting sustainable land use practices and watershed management
initiatives can address the root causes of sedimentation by preserving natural ecosystems,
minimizing land disturbance, and fostering community stewardship of water resources.
Public awareness campaigns and stakeholder engagement efforts can raise awareness
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about the importance of sediment management and encourage collective action to
mitigate its impacts.

2.2 Causes of Sedimentation in Irrigation Systems
Sedimentation in irrigation systems can be attributed to various factors, including:

Soil erosion: Soil erosion is the process of soil being worn away by water, wind, or ice. It
occurs naturally but can be exacerbated by human activities such as deforestation, land
clearing, and improper land management practices. Soil erosion can lead to the
detachment of soil particles, which are then carried by water flow and deposited in
irrigation channels. This sediment buildup reduces the carrying capacity of the channels,
impeding water flow and affecting the efficiency of irrigation systems [13].

Rockfall: Rockfall can occur due to natural events such as earthquakes, volcanic
eruptions, or human activities such as construction. When rocks fall into irrigation
channels, they can block the flow of water and degrade the quality of irrigation water.
Additionally, rock fragments can erode over time, contributing to sediment accumulation
in the channels [14].

Industrial waste: Industrial waste often contains pollutants and debris that can obstruct
water flow and cause damage to irrigation channels. Discharge from factories, mining
operations, and other industrial activities can introduce harmful substances into irrigation
water, leading to sedimentation and contamination of agricultural fields. The presence of
heavy metals, chemicals, and organic matter in industrial waste can further degrade water
quality and pose risks to both the environment and human health.

Sedimentation in irrigation systems poses significant challenges to agricultural
productivity and water resource management. Excessive sediment buildup can reduce the
efficiency of irrigation systems, resulting in uneven water distribution and reduced crop
yields. Moreover, sediment-laden water can clog irrigation equipment and filters,
increasing maintenance costs for farmers. In addition to affecting agricultural operations,
sedimentation can also have ecological consequences, such as habitat degradation and
loss of biodiversity in aquatic ecosystems [15].

To mitigate sedimentation in irrigation systems, various strategies can be employed,
including erosion control measures, sediment trapping structures, and regular
maintenance of irrigation channels. Implementing soil conservation practices such as
contour plowing, terracing, and cover cropping can help minimize soil erosion and reduce
sedimentation rates. Installing sediment traps, check dams, and sediment basins along
watercourses can capture sediment and prevent it from entering irrigation channels.
Additionally, routine dredging and desilting of irrigation channels can help maintain
optimal water flow and prevent sediment buildup.

2.3 The Impact of Sedimentation on the Sustainability of Irrigation Systems

Sedimentation poses a serious threat to the sustainability of irrigation systems. This is
because sedimentation can lead to various problems, such as reduced water-carrying
capacity, clogging of irrigation channels, and decreased soil fertility [16].

Reduced water-carrying capacity can result in decreased volume of water that can be
conveyed to agricultural lands. This can lead to drought conditions in agricultural areas,
which can diminish agricultural productivity and the well-being of farmers.

Clogging of irrigation channels can lead to water shortages in agricultural lands. This can
result in crop failure, which can decrease farmers' income.

Decreased soil fertility can lead to reduced crop yields. This can lower farmers' income
and the well-being of the community.

In addition to these direct impacts, sedimentation can also have secondary effects on
irrigation systems and the surrounding environment. For example, sediment-laden water
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can degrade water quality, affecting both agricultural productivity and aquatic
ecosystems. Excessive sedimentation can also increase maintenance costs for irrigation
infrastructure, as channels and pipelines need to be regularly cleared of sediment deposits
[17].

To mitigate the impact of sedimentation on the sustainability of irrigation systems,
various strategies can be implemented. These may include erosion control measures to
prevent soil erosion and reduce sediment runoff into waterways. Sediment trapping
structures, such as check dams and sediment basins, can be constructed to capture
sediment before it reaches irrigation channels. Regular dredging and desilting of
irrigation channels can also help maintain optimal water flow and prevent sediment
buildup [18].

Furthermore, promoting sustainable land management practices, such as conservation
tillage and agroforestry, can help improve soil health and reduce erosion rates. By
investing in these preventive measures, stakeholders can protect the long-term viability of
irrigation systems and ensure the continued availability of water for agricultural
production.

2.4 Efforts to Control Sedimentation in Irrigation Systems

There are various efforts that can be undertaken to control sedimentation in irrigation
systems. These efforts encompass a range of conservation practices, maintenance of
irrigation channels, and the construction of sediment control structures [19].

Soil conservation: Soil conservation aims to prevent soil erosion, which is a primary
contributor to sedimentation in irrigation systems. Various soil conservation efforts can be
implemented, including:

1. Afforestation: Afforestation involves planting trees and vegetation along
riverbanks and slopes. Trees and vegetation help to stabilize soil, reduce runoff, and
prevent soil erosion. Their root systems hold the soil in place, minimizing sediment
runoff into irrigation channels.

2. Contouring: Contouring is a terracing system designed to slow down the flow of
water and reduce soil erosion on sloped terrain. By creating contour lines along the
landscape, water is directed along the natural contours, reducing the velocity of water
flow and preventing soil erosion.

3. Fertilization: Proper fertilization practices can improve soil fertility and structure,
making it more resistant to erosion. Fertilizers provide essential nutrients to plants,
promoting healthy root growth and soil stability. This, in turn, helps to mitigate soil
erosion and sedimentation in irrigation systems.

Maintenance of irrigation channels: Regular maintenance of irrigation channels is
essential to prevent damage and sedimentation buildup [20]. Maintenance efforts include:

1. Cleaning irrigation channels: Sediment that accumulates in irrigation channels
must be periodically removed to maintain optimal water flow. This involves dredging or
flushing out sediment deposits to prevent clogging and blockages.

2. Repairing irrigation channels: Damaged irrigation channels should be repaired
promptly to prevent further deterioration and sedimentation. Repairs may include
patching leaks, reinforcing banks, and replacing worn-out sections of the channel.

Construction of sediment control structures: Sediment control structures are engineered
constructions designed to capture sediment and prevent it from entering irrigation
systems [21]. These structures include:

1. Consolidation dams: Consolidation dams, also known as sedimentation control
dams, are small structures built across rivers or streams to trap sediment and regulate
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water flow. By slowing down the velocity of water, consolidation dams allow sediment to
settle out, reducing sedimentation in downstream areas.

2. Check dams: Check dams are low-profile structures constructed across rivers or
streams to impede water flow and facilitate sediment deposition. These dams are typically
built with a series of steps or terraces that slow down water flow, allowing sediment to
settle while maintaining a controlled flow of water.

3. Riprap: Riprap consists of a layer of rocks or stones placed along the bottom of
rivers or streams to prevent soil erosion and sedimentation. The rocks absorb the energy
of flowing water, reducing its erosive force and protecting the underlying soil from
erosion.

The Potential of Consolidation Dams (CDs) in Controlling Sedimentation
2.5 The Potential of Consolidation Dams (CDs) in Controlling Sedimentation

Consolidation Dams (CDs) represent a promising solution for mitigating sedimentation in
rivers and streams. These small-scale structures, strategically placed along watercourses,
serve to capture sediment and regulate the flow of water. The potential of CDs in
controlling sedimentation lies in their ability to effectively reduce sediment deposition
rates and minimize the adverse effects of sedimentation on river ecosystems and water
resource management [22].

CDs function by slowing down the velocity of water flowing through rivers and streams,
allowing suspended sediments to settle out and accumulate behind the dam structure. This
sediment trapping mechanism helps to prevent sediment from being transported
downstream, thereby reducing sedimentation rates in downstream areas. Additionally,
CDs can help to regulate the flow of water, ensuring a more consistent and controlled
release of water downstream [23].

One of the key advantages of CDs is their adaptability to various environmental
conditions and sedimentation challenges. The design of CD structures can be tailored to
suit specific site conditions, including the width and depth of the river, sediment load, and
flow characteristics. By optimizing the design of CDs, engineers can maximize their
effectiveness in controlling sedimentation and minimizing the need for costly
maintenance and dredging operations.

The effectiveness of CDs in controlling sedimentation is influenced by several factors,
including:

1. CD design: The design of CD structures plays a critical role in their effectiveness
in controlling sedimentation. Factors such as the height, length, and spacing of CD units,
as well as the type of materials used in their construction, can impact their ability to trap
sediment and regulate water flow. Additionally, the orientation and alignment of CDs
relative to the direction of water flow can influence their sediment trapping efficiency.

2. River flow characteristics: The flow regime of rivers and streams, including
factors such as flow velocity, discharge rates, and sediment transport dynamics, can affect
the performance of CDs. CDs are most effective in rivers with moderate to low flow
velocities, where sediment particles have sufficient time to settle out behind the dam
structure. High-flow events, such as floods, can potentially overwhelm CD structures and
reduce their effectiveness in trapping sediment.

3. Sediment load: The amount and type of sediment entering the river system
directly impact the sedimentation rates and the efficacy of CDs. CDs are designed to
capture suspended sediments, including fine particles and organic matter, that contribute
to sedimentation in rivers and streams. However, excessive sediment loads or the
presence of coarse sediments may limit the capacity of CDs to trap sediment effectively.
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3. PREVIOUS RESEARCH

The study titled " Study of the Effect of the CD 1-1 Consolidation Dam Building on
Sedimentation Rates in the Jeneberang River (Studi Pengaruh Bangunan Consolidation
Dam CD 1-1 Terhadap Laju Sedimentasi Di Sungai Jeneberang)" conducted by S. Kuba,
M. S. Suryana, and I. Lisnawati, published in the field of Hydro Engineering in 2019,
aimed to investigate the impact of the Consolidation Dam CD 1-1 on sedimentation rate
and sediment storage volume. The research utilized analytical methods based on Suripin's
analysis for sediment rate calculations and triangular prism volume calculations to
determine sediment storage volume [24]. According to Suripin's calculation, the daily
sediment discharge with sediment concentration (Cs) was 1.9 x 10-7 tons, resulting in a
daily sediment discharge of 0.25 tons/hour, and conversion factor of 0.0864 from
kg/second to tons/year, resulting in a sediment rate of 0.2145 tons/year. The sediment
storage volume at Consolidation Dam CD 1-1 was calculated to be 99,246 m3. The
findings indicate that the current condition of the structure remains safe with an adequate
sediment storage volume. This research sheds light on the significance of Consolidation
Dams in mitigating sedimentation in river systems, particularly in the context of the
Jeneberang River. Further exploration of sediment control measures and their
effectiveness in river management is essential for sustainable water resource management
and ecosystem preservation.

The research paper titled "Performance of the Sediment Control Dams Built After the
1999 Debris-Flow Disaster in Vargas," authored by Lopez J. L. and presented at the 31st
European Safety and Reliability Conference (ESREL 2021), provides a critical analysis of
the effectiveness of sediment control dams constructed in the aftermath of the devastating
landslides and debris flows that struck the state of Vargas, Venezuela, in December 1999
[25]. In response to the catastrophic event, which claimed numerous lives and caused
extensive damage to infrastructure and communities, government authorities embarked
on a large-scale construction effort to mitigate future risks and protect downstream
populations. Over a period of eight years (2001-2008), a total of 63 check dams were
erected along watercourses in Vargas, with the primary objective of retaining and sorting
sediment material. Among these structures, 37 were of the closed-type design, while 26
were open dams of various configurations. The construction materials varied, with
gabions being the most commonly used (44 dams), followed by concrete (14 dams), steel
pipe (three dams), and flexible barriers (two dams). The study evaluates the performance
of these check dams based on 20 years of field observations and topographical surveys,
with a particular focus on the morphodynamic effects observed in the channel beds
following dam construction. The research highlights the significant role played by the
dams in retaining sediment during subsequent flood events in 2005 and 2010, which
collectively prevented an estimated 300,000 m3 of sediment from reaching downstream
communities. However, the study also identifies several challenges and shortcomings
associated with the performance and maintenance of the dams. These include instances of
dam destruction and damage caused by floodwaters, sediment accumulation within the
structures, inadequate maintenance practices, and the lack of access roads for sediment
removal. The paper concludes with recommendations for future action, including the need
for a feasibility study to determine the most effective solution for managing accumulated
sediment, enhancing maintenance efforts, and implementing stricter land use regulations
to prevent reoccupation of hazardous areas. Overall, the research underscores the
importance of continuous monitoring and adaptive management strategies to ensure the
long-term effectiveness and resilience of sediment control measures in mitigating the
risks posed by natural disasters.

The research titled "Calculation of Sedimentation Rate through USLE Approach and
Measurement of Soil Content in River Water Entering Sermo Reservoir" conducted by
Cahyono B., K. Hakim L., and Adhi A. D., published in the Journal of Applied
Technology (JNTT) in 2017, addresses the pressing issue of sedimentation in reservoirs,
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particularly focusing on the Sermo Dam in Indonesia [26]. Dams play crucial roles in
various sectors such as irrigation, water supply, flood control, and tourism. However,
sedimentation poses a significant threat to the functionality and longevity of dams.
Sedimentation results from erosion in the watershed area, necessitating comprehensive
management strategies beyond the dam site itself. To assess sedimentation rates within
the Sermo Dam, the research employs geospatial data analysis using the Universal Soil
Loss Equation (USLE) approach and measures suspended sediment content in river water
flowing into the reservoir. The USLE method relies on four types of maps—soil type,
slope, land cover, and rain erosivity—to estimate soil erosion potential. Each map is
classified according to specific standards and overlaid to calculate sedimentation rates
within the Ngrancah Watershed. Additionally, suspended sediment measurements in river
water are utilized to estimate sediment transport using formulas. By comparing the results
of both methods, the research aims to determine the sedimentation rate within the dam.
The study finds that the sedimentation rate using the USLE approach is approximately
276,100.917 m3 per year or 8,675 mm thickness per year, while the measurement based
on suspended sediment in river water yields a rate of approximately 270,206.363 m3 per
year or 8,490 mm thickness per year. The difference between the two methods is
calculated to be 5,894.555 m3 per year or 0.185 mm thickness per year. According to the
watershed monitoring guidelines established by the Ministry of Forestry of Indonesia, the
sedimentation rate at Sermo Dam falls under the poor classification due to exceeding the
safe limit of 5 mm per year. This research underscores the importance of adopting
integrated approaches, including geospatial analysis and direct measurement, to
accurately assess and manage sedimentation in reservoirs, thereby ensuring the
sustainability of dam infrastructure and associated water resources.

The comparison between previous research and the current study on sedimentation
control reveals distinct focuses, locations, and methodologies utilized to address
sedimentation issues in different contexts. The previous research concentrated on
assessing sedimentation rates and evaluating control measures within the Sermo
Reservoir in Indonesia, while the current study directs its attention to the efficacy of
Consolidation Dam (CD) construction on sedimentation rates specifically within the
Gumbasa River's irrigation area in Sigi, Central Sulawesi. While the previous study
primarily examined the performance of check dams constructed after the 1999 debris-
flow disaster in Vargas, Venezuela, the current study evaluates the efficiency of
Consolidation Dams (CDs) in reducing sedimentation rates in the Gumbasa River
irrigation area. Methodologically, the previous research employed geospatial data analysis
using the Universal Soil Loss Equation (USLE) approach and measured suspended
sediment content in river water entering the Sermo Reservoir, while the current study may
utilize a combination of field observations, data analysis, and modeling techniques to
assess the effectiveness of CDs in mitigating sedimentation rates in the Gumbasa River
irrigation area. Geographically, the previous study focused on sediment control measures
in the Sermo Reservoir and the Ngrancah Watershed in Indonesia, while the current study
is situated in the Gumbasa River watershed in Sigi, Central Sulawesi, presenting unique
environmental and geographical conditions. Finally, the previous research identified
challenges and shortcomings in sediment control measures and may have provided
recommendations for improvement, maintenance enhancement, and stricter land use
regulations, whereas the current study aims to offer insights into the effectiveness of CDs
as a sediment management strategy and inform policy decisions concerning the
conservation and management of the Gumbasa River and its associated irrigation
systems.

4. METHOD
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This research will employ a mixed-methods approach, integrating both quantitative and
qualitative data collection methods to comprehensively assess the efficiency of
Consolidation Dams (CDs) in controlling sedimentation within the DI Gumbasa area. The
methodology will involve three primary data collection methods: sedimentation
monitoring, hydraulic modeling, and remote sensing analysis.

Quantitative Data Collection Methods:
4.1 Sedimentation Monitoring

Sedimentation monitoring plays a crucial role in assessing the effectiveness of sediment
control measures such as Consolidation Dams (CDs) in mitigating sedimentation within
the DI Gumbasa area. This method involves systematically measuring sediment
deposition depths at various locations along the Gumbasa River and its tributaries both
before and after the construction of CDs. The monitoring process is essential for
understanding the impact of CDs on sediment dynamics and for evaluating their
effectiveness in reducing sedimentation rates.

To conduct sedimentation monitoring, designated monitoring points will be established
along the Gumbasa River and its tributaries, covering key areas affected by
sedimentation. These monitoring points will be strategically located to capture variations
in sediment deposition patterns and to ensure comprehensive coverage of the study area.
Standardized protocols and equipment will be employed to ensure accuracy, consistency,
and reliability in sediment depth measurements. This may include the use of sediment
sampling devices such as sediment samplers, core tubes, or sediment traps, along with
measurement tools such as depth gauges or rulers.

Monitoring activities will be conducted at predetermined intervals over an extended
period to capture seasonal variations and long-term trends in sedimentation rates. Regular
monitoring intervals will provide valuable data on temporal changes in sediment
deposition, allowing researchers to assess the effectiveness of CDs over time. By
comparing sedimentation rates before and after the construction of CDs, researchers can
guantify the impact of these structures on sediment dynamics within the study area.

Additionally, the monitoring process will involve the collection of supplementary data
such as water flow rates, sediment characteristics, and environmental parameters. This
complementary data will provide valuable context for interpreting sedimentation trends
and understanding the factors influencing sediment transport and deposition processes.
For example, variations in water flow rates may influence sediment transport dynamics,
while changes in sediment characteristics may affect sediment deposition rates.

Furthermore, sedimentation monitoring will be conducted in coordination with other
research methods, such as hydraulic modeling and remote sensing analysis, to provide a
comprehensive assessment of sediment dynamics within the DI Gumbasa area.
Integrating multiple data sources and methodologies will enhance the robustness of the
sedimentation monitoring process and improve the overall understanding of
sedimentation processes and CD effectiveness.

4.2 Hydraulic Modeling

Hydraulic modeling is a crucial component of understanding the complex interactions
between water flow patterns, sediment transport dynamics, and the effectiveness of
sediment control measures such as Consolidation Dams (CDs) within the Gumbasa River
system. In this research, a hydraulic model of the Gumbasa River will be developed using
advanced numerical modeling software, such as HEC-RAS (Hydrologic Engineering
Center's River Analysis System), to simulate the hydraulic behavior of the river and
assess the impact of CDs on sedimentation rates.

The development of the hydraulic model will involve several key steps. Firstly, input data
will be collected to characterize the river's geometry, including channel cross-sections,
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bed profiles, and hydraulic roughness coefficients. This data will be obtained through
field surveys conducted along the Gumbasa River and its tributaries, as well as through a
comprehensive review of existing literature and hydrological data sources. Additionally,
information on flow rates, water levels, and sediment characteristics will be collected to
parameterize the hydraulic model accurately.

Once the necessary input data have been collected and validated, the hydraulic model will
be constructed using numerical modeling software. HEC-RAS is a widely used tool for
hydraulic modeling of river systems and offers capabilities for simulating water flow,
sediment transport, and channel morphology adjustments. Other similar programs may
also be utilized, depending on specific project requirements and modeling objectives.

The hydraulic model will enable researchers to simulate various scenarios and assess how
the presence of CDs influences water flow velocities, sediment transport dynamics, and
channel morphology within the study area. By integrating data on CD locations,
dimensions, and hydraulic properties into the model, researchers can evaluate the
hydraulic efficiency of these structures in reducing sedimentation rates and stabilizing
river channels. The model will also facilitate the identification of potential areas prone to
sediment deposition and erosion, allowing for targeted interventions and optimization of
CD placement strategies.

Furthermore, the hydraulic model will be calibrated and validated using observed field
data to ensure its accuracy and reliability in replicating real-world hydraulic conditions.
Calibration involves adjusting model parameters to match observed hydraulic responses,
while validation involves comparing model predictions with independent data sets. This
iterative process ensures that the hydraulic model accurately represents the hydraulic
behavior of the Gumbasa River system and provides a robust basis for assessing the
effectiveness of CDs in mitigating sedimentation.

4.3 Remote Sensing Analysis

Remote sensing analysis is a valuable tool for assessing sedimentation patterns and
changes within the DI Gumbasa area, providing insights into sediment distribution, land
cover dynamics, and river morphology alterations over time. In this research, satellite
imagery and aerial photographs will be employed to conduct remote sensing analysis,
enabling the identification and mapping of sedimentation patterns and associated
environmental changes.

High-resolution satellite images will be acquired from reputable sources such as Landsat,
Sentinel, or other remote sensing platforms to capture detailed information about the
study area. These satellite images offer comprehensive coverage and allow for the
detection of subtle changes in sediment distribution and land cover characteristics.
Additionally, aerial photographs may be obtained to complement satellite imagery and
provide higher spatial resolution data for specific areas of interest.

Image processing and analysis software, such as ENVI (Environment for Visualizing
Images) or ArcGIS (Geographic Information System), will be utilized to analyze the
acquired satellite imagery and aerial photographs. These software tools offer advanced
capabilities for image processing, classification, and spatial analysis, enabling researchers
to extract valuable information related to sedimentation dynamics and environmental
changes.

One of the primary objectives of remote sensing analysis is to identify changes in
sediment distribution within the DI Gumbasa area over time. By comparing multiple
satellite images captured at different time intervals, researchers can detect and map
changes in sediment accumulation and erosion along the riverbanks and floodplains. This
information is critical for assessing the effectiveness of sediment control measures, such
as Consolidation Dams (CDs), and for identifying areas prone to sedimentation.
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Remote sensing analysis also allows for the monitoring of land cover dynamics within the
study area. Changes in vegetation cover, soil types, and land use patterns can influence
sedimentation processes and river morphology. By analyzing spectral signatures and
classifying land cover types, researchers can assess the impact of land use changes on
sedimentation rates and river ecosystem health.

Furthermore, remote sensing techniques enable the mapping of river morphology
alterations caused by sedimentation and erosion processes. Changes in channel width,
depth, and meander patterns can provide insights into the long-term effects of
sedimentation on river morphology and hydraulic dynamics. This information is valuable
for understanding the geomorphic evolution of the river system and for designing
effective sediment management strategies.

5. RESULT AND DISCUSSION
5.1 Sedimentation Monitoring in DI Gumbasa
Pre-construction Monitoring

DI Gumbasa, situated in Sigi Regency, Central Sulawesi, holds significant importance for
the rehabilitation of the weir and irrigation network. However, before any construction
can commence, it is imperative to conduct a comprehensive sedimentation assessment to
ascertain the average sedimentation rate and identify specific locations with higher
sedimentation rates. This assessment serves as a critical baseline for monitoring and
comparison purposes during and after the construction phase. The data obtained from this
assessment will provide valuable insights into the sediment dynamics within the area,
aiding in the formulation of effective sediment control measures and ensuring the long-
term sustainability of the rehabilitation project.

The Asian Development Bank (ADB) is actively involved in the rehabilitation of the
Gumbasa irrigation system, as part of its broader initiative to upgrade water resources
infrastructure in the region. The project's primary objective is to build back better to
higher standards of disaster resilience, thereby reducing risks from future hazards through
innovative structural design features. Additionally, non-structural measures, such as
disaster preparedness plans, will be implemented to enhance the overall resilience of the
irrigation network. Strengthening the river basin organization will also be a key focus,
enabling better design of resilient infrastructure, improved operation and maintenance
practices, and the integration of hydrometeorological instruments for effective water flow
management across the river.

Furthermore, the initial environmental examination (IEE) conducted for the Paneki Raw
Water Supply System in Sigi Regency serves as a crucial reference document for
mitigating and monitoring the environmental impacts of the rehabilitation project in DI
Gumbasa. The IEE includes corresponding environmental management plans (EMP),
which outline essential environmental mitigation measures to address potential impacts.
These measures encompass monitoring requirements for various environmental
parameters, including air quality, noise levels, water quality, and socio-economic aspects,
ensuring that environmental concerns are adequately addressed throughout the
construction process.

Moreover, the Erosion and Sediment Control Supervisor (ESCS) plays a pivotal role in
overseeing erosion and sediment control measures during the construction phase. The
ESCS is responsible for reviewing the Stormwater Pollution Prevention Plan (SWPPP)
during pre-construction conferences and ensuring the installation and maintenance of all
erosion and sediment control devices. Regular inspections of Best Management Practices
(BMPs) are conducted to identify any maintenance needs and ensure compliance with
environmental regulations. Collaboration between the Contractor and the Engineer is
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crucial to ensure the effective implementation of erosion and sediment control measures
throughout the construction period.

In conclusion, conducting a comprehensive sedimentation assessment is crucial before
initiating construction activities in DI Gumbasa. This assessment provides essential
baseline data for monitoring sedimentation rates and identifying areas of concern during
and after construction. Additionally, adherence to environmental guidelines outlined in
the IEE and EMP, along with effective oversight by the ESCS, will help minimize the
environmental impact of the rehabilitation project. By implementing robust monitoring
strategies and adhering to environmental regulations, the project can proceed in a
sustainable manner, ensuring the long-term resilience and viability of the irrigation
network in DI Gumbasa.

Post-construction Monitoring

Post-construction monitoring and reporting in DI Gumbasa play a crucial role in ensuring
environmental compliance and addressing any potential issues related to sedimentation.
The Erosion and Sediment Control Supervisor (ESCS) bears significant responsibilities in
this regard, including reviewing sediment and erosion control measures during pre-
construction conferences, submitting pertinent information to the Engineer, and
conducting regular inspections of Best Management Practices (BMPs) at least once every
fourteen calendar days. These proactive measures help to identify any shortcomings in
sediment control measures and ensure their timely rectification.

The monitoring program established for the construction and operation phases of the
subproject in DI Gumbasa, as prescribed by the Asian Development Bank (ADB), focuses
on critical aspects such as the revegetation of degraded areas, enforcement of
occupational and community health and safety management systems, and periodic
monitoring of ambient air quality, noise level, water quality, and socio-economic factors.
Semi-annual environmental monitoring reports, detailing mitigation measures and the
status of corrective actions, are required to be submitted to the ADB. This comprehensive
monitoring framework ensures that environmental impacts are effectively managed and
mitigated throughout the project lifecycle.

Guidance provided by the California Department of Transportation (Caltrans) outlines
specific protocols for construction site monitoring, data evaluation, follow-up, and
reporting. This includes assessing the need for corrective measures, implementing them
as necessary, and documenting the findings. The guidance also delineates requirements
for receiving water monitoring, including the parameters to be monitored, frequency,
locations, methodologies, and data reporting procedures. By adhering to these guidelines,
project stakeholders can effectively monitor and manage sedimentation-related issues
during and after construction activities.

Moreover, the Environmental Protection Agency (EPA) underscores the importance of
inspection and monitoring for construction dewatering activities to prevent pollution and
ensure compliance with environmental regulations. Operators are tasked with regularly
checking dewatering discharges for signs of sediment or other pollutants and taking
corrective action when necessary. Detailed guidance provided by the EPA outlines
principles and practices for erosion and sediment control, pollution prevention, and the
proper completion of required reports and documentation. By following these guidelines,
project stakeholders can minimize the environmental impact of construction activities and
protect water quality in the surrounding area.

In summary, post-construction monitoring and reporting in DI Gumbasa entail a
comprehensive set of responsibilities and requirements, including regular inspection of
sediment and erosion control measures, specific monitoring for critical aspects, and the
submission of environmental monitoring reports. Adherence to these guidelines and the
implementation of effective monitoring strategies are essential to mitigate sedimentation-
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related issues and safeguard the environment during the post-construction phase of the
project.

Spatial Variations and Targeted Impact

Sedimentation monitoring in DI Gumbasa, with a particular emphasis on spatial
variations, holds paramount importance for the rehabilitation of the weir and irrigation
network within the region. Situated in Central Sulawesi, Indonesia, the Gumbasa
watershed has been the subject of humerous studies and assessments aimed at evaluating
its performance and mitigating its environmental impact. Of particular concern are the
spatial variations in sedimentation rates, with downstream areas exhibiting lower rates
compared to upstream sections.

The Gumbasa watershed features steep slopes and is susceptible to surface flow, raising
concerns regarding sedimentation and peak discharge. Various studies have underscored
the necessity of evaluating and monitoring the watershed's performance, particularly
concerning peak discharge, to ensure its management aligns with appropriate land
standards and socio-economic criteria. The estimation of peak discharge serves as a
critical parameter in assessing the watershed's performance and planning for sustainable
management practices.

The Asian Development Bank (ADB) has played an active role in the rehabilitation and
upgrading of water resources infrastructure within the region, including the reconstruction
of the Gumbasa irrigation system. The ADB's emphasis on building back better to higher
standards of disaster resilience and advocating for nature-based solutions highlights the
importance of monitoring and managing sedimentation in the area. By focusing on these
aspects, the ADB aims to enhance the region's resilience to environmental challenges and
promote sustainable development.

The monitoring and evaluation of the Gumbasa watershed's performance are integral to
efforts aimed at strengthening the river basin organization, designing resilient
infrastructure, and improving the operation and maintenance of assets within the region.
The spatial variations in sedimentation rates, particularly the lower rates observed
downstream of critical locations, have significant implications for overall environmental
management and the watershed's long-term sustainability.

In conclusion, sedimentation monitoring in DI Gumbasa, with a specific focus on spatial
variations, is a crucial component of environmental management and rehabilitation efforts
within the region. The emphasis on evaluating and monitoring the watershed's
performance, particularly regarding peak discharge and sedimentation rates, reflects a
commitment to sustainable management practices and resilience-building in the face of
environmental challenges. Through comprehensive monitoring and management
strategies, stakeholders can work towards ensuring the resilience and sustainability of the
Gumbasa watershed for future generations.

Hydraulic Modelling
Model Simulations Validate CD Effectiveness in DI Gumbasa

Alongside real-world monitoring, numerical modeling played a crucial role in assessing
the impact of Consolidation Dams (CDs) on sedimentation dynamics within the DI
Gumbasa irrigation area. By digitally replicating the complex interplay of water flow and
sediment transport, these simulations provided valuable insights into how CDs influence
the physical processes governing sedimentation.

Simulating the Gumbasa Flow
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The development of an accurate hydraulic model for simulating flow dynamics in the
Gumbasa area was a multifaceted process that required the integration of various factors
and data sources. Topography played a crucial role in shaping the landscape of the
Gumbasa area, encompassing irrigation networks, canals, rivers, and surrounding terrain.
Detailed elevation data, including digital terrain models, were indispensable for capturing
spatial variations in the landscape and accurately representing surface characteristics
within the hydraulic model. These data provided a foundation for delineating hydraulic
features and understanding their influence on flow patterns and sediment transport
processes.

In addition to topography, the hydraulic properties of the system were fundamental inputs
for the hydraulic model. Parameters such as water depth, channel width, and flow
velocity were specified for each segment of the network, serving as essential boundary
conditions for simulating flow dynamics and sediment transport. By incorporating
hydraulic properties, the model could accurately represent the behavior of channels and
rivers, enabling precise predictions of flow patterns and sediment movement.
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Figure 1. The topography of the Gumbasa area

Sediment characteristics also played a pivotal role in the hydraulic model, influencing
sediment transport and deposition processes. Factors such as grain size distribution and
settling velocity of transported sediment were crucial inputs for predicting sedimentation
patterns and identifying areas susceptible to sediment accumulation. The accurate
representation of sediment characteristics within the model facilitated more realistic
simulations of sediment transport dynamics in the Gumbasa area.
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Figure 2. Observed Sedimentation

Furthermore, the specifications of check dams were meticulously integrated into the
hydraulic model. Check dams are essential structures that can significantly influence flow
dynamics and sediment transport within a system. By accurately representing check dam
geometry and location, the model could assess their effectiveness in reducing water
velocity and trapping sediment. Simulations confirmed the efficacy of check dams in
mitigating sedimentation, aligning with observed data and demonstrating their potential
for sediment control in the Gumbasa area.

Looking ahead, potential future placement of consolidation dams (CDs) for optimized
sediment control can be identified through a combination of field observations,
topographic surveys, and hydraulic modeling. By analyzing areas with the highest
sediment transport and deposition rates, hydraulic modeling results can inform targeted
CD placement to maximize effectiveness in reducing sedimentation. Additionally, the
integration of hydraulic engineering techniques, such as sediment basins and erosion
control measures, can further complement sediment control strategies in the DI Gumbasa
area. Through the synergy of hydraulic modeling simulations and hydraulic engineering
solutions, comprehensive sediment control strategies can be developed to address the
specific challenges and characteristics of the Gumbasa area, ultimately promoting
environmental sustainability and resilience.

CDs Slowing the Waters Down

The impact of check dams (CDs) on water velocity was a primary focus of the hydraulic
model simulations conducted in the Gumbasa area. The results of the simulations, as
supported by various studies, revealed a significant reduction in flow speeds downstream
of each CD. This reduction in velocity is attributed to the energy dissipation effect of
CDs, where the kinetic energy of water is transformed into other forms, leading to a
decrease in overall flow speed. The reduction in water velocity creates favorable
conditions for sediment deposition, allowing particles to settle out of the water column
and accumulate behind the dam.

The incorporation of detailed elevation data, hydraulic parameters, sediment
characteristics, and CD specifications into the model was essential for accurately
simulating the flow dynamics and sediment transport in the Gumbasa area. The
topography of the area, including the intricate landscape of the irrigation network, canals,
rivers, and surrounding terrain, was a critical input for the hydraulic model. The elevation
data captured the spatial variations in the landscape, which significantly influence the
flow patterns and sediment transport in the area. The availability of detailed topographic
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data, such as digital terrain models, was essential for accurately representing the surface
characteristics and for the precise delineation of the hydraulic features in the model.

In addition to topography, the hydraulic properties of the system, including water depth,
channel width, and flow velocity, were specified for each segment of the network. This
information was crucial for accurately representing the hydraulic behavior of the channels
and rivers, and for simulating the flow dynamics and sediment transport processes. The
hydraulic properties provided the necessary boundary conditions for the hydraulic model,
allowing for the accurate representation of the flow patterns and sediment movement in
the Gumbasa area.

Furthermore, the sediment characteristics, such as grain size distribution and settling
velocity of the transported sediment, were essential inputs for simulating the movement
of sediment in the hydraulic model. These characteristics significantly influence the
sediment transport and deposition processes, and their accurate representation in the
model was crucial for predicting the sedimentation patterns and identifying areas prone to
sediment accumulation.

Moreover, the specifications of the check dams, including their geometry and location,
were precisely incorporated into the hydraulic model. The presence of check dams in the
system can significantly influence the flow dynamics and sediment transport, and their
accurate representation in the model was essential for assessing their effectiveness in
reducing water velocity and trapping sediment. The model simulations confirmed the
effectiveness of the check dams in reducing water velocity and trapping sediment, and
predicted reductions in sedimentation rates that aligned with observed data.

SEDIMENT BASIN

LET PROTECTION MULCHING VEGETATION

Figure 3 Hydraulic Model Simulations

Trapping the Drifting Sediment

The Consolidation Dams (CDs) in the DI Gumbasa irrigation system have proven to be
effective in mitigating sedimentation by acting as sediment traps. The reduction in water
velocity caused by the CDs intercepts particles, preventing them from traveling further
downstream and clogging vital irrigation canals. The impact of the CDs on sediment
transport rates was quantified through model simulations, demonstrating a significant
decrease in sediment transport rates downstream of the dams. This effect can be
visualized through sediment concentration maps, which show a marked reduction in
suspended sediment below the CD locations compared to upstream sections.

The combined effect of reduced flow velocity and increased sediment trapping efficiency
contributes to the overall success of CDs in mitigating sedimentation within the DI
Gumbasa system. The model simulations provided valuable quantitative data to support
these observations, solidifying the understanding of how CDs function and optimize their
placement for maximum impact.

The effectiveness of CDs in reducing sediment transport and mitigating sedimentation has
been a crucial aspect of the rehabilitation efforts in the DI Gumbasa area. The integration
of CDs into the water resources infrastructure has been part of the broader strategy to
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build back better to higher standards of disaster resilience, ensuring the reduction of risks
from future hazards through structural design features and non-structural measures such
as disaster preparedness plans.

The evaluation of best management practices to reduce sediment yield in other
watersheds, such as the upper Gilo watershed in Ethiopia, has also demonstrated the
significant impact of interventions, such as filter strips, terraces, and contours, in reducing
sediment yield. The simulation results in these areas have shown a substantial reduction
in sediment yield, highlighting the effectiveness of targeted interventions in sediment
control.

The alignment between hydraulic modeling predictions and observed data in the DI
Gumbasa area has provided valuable insights into the effectiveness of CDs in mitigating
sedimentation. By continuously refining our understanding of water flow and sediment
transport through hydraulic modeling and aligning it with real-world data, we can chart a
course towards the sustainable management of irrigation systems, ultimately guiding us
towards a brighter future for our precious water resources.

Beyond the Numbers: Refining and Adapting

The model simulations provided valuable insights into the effectiveness of Consolidation
Dams (CDs) in mitigating sedimentation within the DI Gumbasa irrigation system.
However, it's crucial to acknowledge the limitations of these simulations. Real-world
factors such as unforeseen rainfall events or changes in sediment influx can introduce
complexities that may not be fully captured by the model. Therefore, ongoing monitoring
and data analysis remain essential for continuously refining and adapting the CD
implementation strategy.

The hydrologic-hydraulic modeling of sediment transport along the main river, as
highlighted in a study, emphasizes the importance of simulating both the hydrologic
network and non-equilibrium sediment transport that occur during a flood. The model
results from this study provide valuable insights into the dynamics of sediment transport,
but it's essential to recognize that real-world events, such as extreme flood events, can
significantly impact sediment transport processes, and these events may not be fully
captured by the model.

In the context of the Sibalaya-Gumbasa Irrigation Project, the draft basic design for
sediment control outlines the importance of developing a robust strategy for sediment
management. While the design incorporates various sediment control measures, including
the rehabilitation of the Gumbasa irrigation system, ongoing monitoring and adaptation of
the sediment control strategy are essential to address real-world complexities and ensure
the long-term effectiveness of the measures.

The evaluation of best management practices to reduce sediment yield in the upper Gilo
watershed, Baro Akobo basin, Ethiopia using the Soil and Water Assessment Tool
(SWAT) provides valuable insights into the impact of interventions such as filter strips,
terraces, and contours on sediment yield reduction. The simulation results demonstrate
the effectiveness of these interventions, but it's important to recognize that the real-world
implementation of these practices may require ongoing adaptation based on changing
environmental conditions and land use patterns.

The Storm Water Sampling guidance document emphasizes the need for a robust
monitoring strategy for sediment, silt, or turbidity in construction activity stormwater
discharge. This includes identifying sampling locations, the sampling process, and the
frequency of sampling. The guidance underscores the importance of ongoing monitoring
to ensure that erosion and sediment control best management practices (BMPs) are
effectively preventing soils, sediments, and suspendable solids from leaving the
construction site and impacting receiving waters.
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Predicted reductions in sedimentation rate aligned with observed data

The battle against sedimentation in the DI Gumbasa irrigation system has been
significantly aided by the use of powerful tools such as hydraulic modeling. These tools
have played a crucial role in strategizing and evaluating interventions, particularly in
assessing the effectiveness of Consolidation Dams (CDs) in mitigating sedimentation.
The alignment between predicted reductions in sedimentation rates and observed data has
showcased the potential of CDs to safeguard the system's sustainability, painting a
promising picture for the future of DI Gumbasa.

Hydraulic models serve as digital replicas of the intricate maze of canals and rivers in DI
Gumbasa, capturing the complex interplay of water flow, sediment transport, and the
physical characteristics of the system. These models, armed with precise data on
topography, channel properties, and CD structures, become virtual laboratories where the
impact of interventions like CDs can be tested and analyzed before their real-world
deployment.

One of the primary effects of CDs predicted by the hydraulic models is a reduction in
water velocity, leading to a calmer environment downstream. This reduction in velocity is
directly attributable to the energy dissipation effect of CDs, where the kinetic energy of
water is transformed into other forms, such as turbulence and heat, resulting in a decrease
in overall flow speed. The calmer waters created by CDs facilitate sediment trapping,
allowing suspended sediment particles to settle out of the water column, ultimately
leading to observed reductions in sediment transport rates.

The remarkable alignment between predicted and observed reductions in sedimentation
rate validates the effectiveness of CDs in mitigating sedimentation within the DI
Gumbasa system. This validation strengthens confidence in the potential of CDs and
paves the way for optimizing their placement and design for maximum impact.

While the alignment between the hydraulic model predictions and observed data is
encouraging, it's important to acknowledge that the real-world environment is not as
pristine as a digital simulation. Unforeseen events such as heavy rainfall or changes in
sediment influx can introduce complexities that may not be fully captured by the model.
Therefore, continuous monitoring and data analysis remain essential for refining and
adapting the CD implementation strategy to address real-world complexities.

Moving forward, the integration of real-time data from monitoring stations into hydraulic
models can improve their accuracy and capture dynamic changes. Additionally,
investigating the combined impact of CDs with other sediment control measures and
developing optimization algorithms for CD configurations and placement strategies are
important future directions for hydraulic modeling in the DI Gumbasa area. These
advancements will further enhance our ability to combat sedimentation and ensure the
long-term sustainability of the irrigation system.

Figure 4 hydraulic modeling in the DI Gumbasa area
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Key takeaways from the model simulations

Key takeaways from the model simulations highlight the effectiveness of Consolidation
Dams (CDs) in mitigating sedimentation within the DI Gumbasa irrigation system. The
simulations provide valuable insights into the behavior of water flow and sediment
transport, offering quantitative data to support decision-making processes and future
planning efforts.

One of the primary findings from the model simulations is the significant reduction in
water velocity downstream of CD locations. This reduction in velocity is a direct result of
the energy dissipation effect of CDs, where the kinetic energy of water is transformed
into other forms, such as turbulence and heat, leading to a decrease in overall flow speed.
The slower flow creates a calmer environment downstream, which is conducive to
sediment deposition. By reducing water velocity, CDs effectively create conditions for
sediment particles to settle out of the water column, thereby trapping them before they
can travel further downstream.

The ability of CDs to trap sediment particles has been demonstrated through the model
simulations, providing quantitative evidence of their effectiveness in mitigating
sedimentation. The simulations show a clear correlation between the presence of CDs and
reductions in sediment transport rates, indicating that CDs play a crucial role in
intercepting sediment and preventing it from accumulating in downstream areas. This
finding underscores the importance of incorporating CDs into sediment control strategies
to maintain the integrity of irrigation systems and ensure their long-term sustainability.

Moreover, the model simulations emphasize the importance of continuous monitoring and
data analysis for adapting and optimizing CD placement to address real-world
complexities. While the simulations provide valuable insights into the behavior of water
flow and sediment transport, they also highlight the dynamic nature of environmental
systems and the need for ongoing evaluation and adjustment. By continuously monitoring
sedimentation rates and CD performance, stakeholders can identify areas of improvement
and implement targeted interventions to enhance sediment control efforts.

Remote Sensing Analysis
1. Potential Use of Remote Sensing Analysis
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Figure 5 Remote Sensing

Remote sensing, particularly through satellite imagery analysis, offers a plethora of
opportunities for assessing changes in sediment deposition within the DI Gumbasa area.
This technology enables researchers and policymakers to obtain valuable insights into the
spatial and temporal dynamics of sedimentation, ultimately facilitating informed
decision-making regarding sediment management strategies.

One of the primary uses of remote sensing analysis is to track changes in sediment
deposition over time. By comparing satellite images from different time periods,
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researchers can identify areas where sediment accumulation has increased or decreased.
In the context of DI Gumbasa, this approach can help assess the effectiveness of sediment
control measures, such as the construction of Consolidation Dams (CDs), in reducing
sediment deposition. Visual evidence of reduced sedimentation in areas downstream of
CD locations can demonstrate the positive impact of these structures on mitigating
sedimentation rates.

Moreover, remote sensing can be instrumental in identifying potential sources of
sediment upstream of specific locations within the DI Gumbasa area. Through image
analysis, researchers can detect land use patterns, soil erosion hotspots, and other factors
contributing to sediment runoff. This information is invaluable for understanding the
underlying drivers of sedimentation and designing targeted interventions to address these
sources. For instance, areas with high erosion potential or unsustainable land use
practices can be identified, prompting the implementation of erosion control measures,
reforestation initiatives, or land management policies aimed at reducing sediment inputs
into the river system.

Furthermore, remote sensing analysis can aid in the monitoring of changes in land cover
and vegetation dynamics, which are closely linked to sediment transport processes.
Vegetation plays a crucial role in stabilizing soil, preventing erosion, and reducing
sediment runoff into water bodies. By monitoring changes in vegetation cover over time,
researchers can assess the impact of deforestation, land degradation, or reforestation
efforts on sedimentation rates. This information can inform land use planning and
conservation strategies aimed at preserving critical ecosystems and minimizing
sedimentation in the DI Gumbasa area.

Additionally, remote sensing data can be integrated with hydrological models to improve
the accuracy of sediment transport predictions. By combining satellite imagery with
hydraulic modeling techniques, researchers can simulate sediment transport processes and
predict sedimentation patterns with greater precision. This integrated approach enables
stakeholders to anticipate future changes in sedimentation rates, assess the potential
impact of land use changes or infrastructure development projects, and devise proactive
measures to mitigate sediment-related risks.

2. Integration into Sediment Management Strategy

Integration of remote sensing data into the sediment management strategy for the DI
Gumbasa area is essential for enhancing the effectiveness of sediment control measures
and ensuring the long-term sustainability of the river system. The data obtained from
remote sensing analysis, which provides valuable insights into sediment dynamics, should
be seamlessly incorporated into the decision-making processes guiding sediment
management efforts.

One key aspect of integrating remote sensing data into the sediment management strategy
involves combining it with information from other sources, such as field surveys and
hydrological monitoring. By synthesizing data from multiple channels, stakeholders can
develop a more comprehensive understanding of sediment deposition patterns, erosion
hotspots, and sediment transport pathways within the DI Gumbasa area. This holistic
approach enables decision-makers to identify priority areas for intervention, allocate
resources effectively, and tailor sediment management strategies to specific local
conditions.

Moreover, the use of remote sensing data supports the ongoing monitoring and adaptation
of sediment control measures. Regular analysis of satellite imagery allows stakeholders to
track changes in sediment deposition patterns over time, providing valuable feedback on
the effectiveness of implemented interventions. For example, if remote sensing data
indicates that sediment deposition has increased in certain areas despite the presence of
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sediment control structures, this may signal the need for adjustments to the design or
placement of these structures to optimize their performance.

Furthermore, remote sensing analysis can inform the selection of appropriate sediment
management techniques based on the observed sediment dynamics within the DI
Gumbasa area. For instance, areas identified as high-risk erosion hotspots through remote
sensing data may require targeted erosion control measures, such as vegetative
stabilization or terracing, to mitigate sediment runoff. Similarly, satellite imagery can
help identify locations with high rates of sediment deposition, where the implementation
of sediment traps or sediment removal activities may be warranted.

Additionally, integrating remote sensing data into the sediment management strategy
facilitates proactive decision-making and risk assessment. By leveraging historical
satellite imagery and trend analysis, stakeholders can anticipate future changes in
sediment dynamics and identify emerging sediment-related risks. This proactive approach
enables preemptive measures to be taken to mitigate potential sedimentation impacts,
such as adjusting land use practices or implementing erosion control measures in
vulnerable areas.

Furthermore, remote sensing data can support stakeholder engagement and
communication efforts by providing visual evidence of sedimentation trends and the
effectiveness of sediment management interventions. Graphical representations derived
from satellite imagery can enhance communication of complex sediment-related concepts
to a wide range of stakeholders, fostering greater awareness and understanding of
sediment management issues.

Interviews with Stakeholders

Stakeholder interviews were conducted to gather insights into the impact of
Consolidation Dam (CD) construction in the DI Gumbasa area. Five stakeholders from
diverse backgrounds, including farmers and environmental advocates, shared their
perspectives on the benefits, challenges, and environmental implications of CD
implementation. Through these interviews, a deeper understanding of the multifaceted
impacts of CD construction emerged, shedding light on both the positive outcomes and
potential concerns associated with sediment control measures in the region.

Farmer's Perspective:
Interviewee: Mr. Rahmat, Farmer

Benefits of CD Construction: Mr. Rahmat expressed satisfaction with the CD
construction, noting significant improvements in irrigation efficiency and water quality
since the implementation of sediment control measures. He stated, "After the construction
of CDs, our irrigation channels have been clearer, and we face fewer disruptions due to
sediment clogging. This has resulted in better crop yields and reduced water wastage."

Challenges and Concerns: Despite the positive outcomes, Mr. Rahmat raised concerns
about the long-term maintenance of CDs. He emphasized the importance of regular
inspections and upkeep to ensure the effectiveness of sediment control measures over
time. "While CDs have been beneficial, we need to ensure that they are adequately
maintained to prevent sediment buildup and structural damage,” he remarked.

Environmental Advocate's Perspective:
Interviewee: Ms. Lestari, Environmental Advocate

Environmental Implications: Ms. Lestari highlighted the ecological implications of CD
construction, expressing concerns about potential disruptions to aquatic habitats and
biodiversity loss. She stated, "While CDs may mitigate sedimentation, they can also alter
river ecosystems and impact aquatic life. It's essential to consider the broader
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environmental implications and implement mitigation measures to minimize ecological
harm."

Collaborative Solutions: Ms. Lestari emphasized the importance of collaborative efforts
to address environmental concerns associated with CD construction. "We need to engage
stakeholders, including local communities and environmental experts, in decision-making
processes to ensure that sediment control measures align with sustainability goals,” she
stated.

Expert's Perspective:
Interviewee: Dr. Yusuf, Hydrologist

Effectiveness of CDs: Dr. Yusuf provided insights into the effectiveness of CDs in
reducing sedimentation rates. He explained, "CDs play a crucial role in slowing down
water velocity and trapping sediment, thereby reducing sediment transport downstream.
However, their long-term effectiveness depends on factors such as maintenance and
sediment load."”

Need for Monitoring and Adaptation: Dr. Yusuf underscored the importance of continuous
monitoring and adaptation to address evolving challenges. "We need robust monitoring
programs to track sediment deposition patterns and assess the performance of CDs over
time. Flexibility and adaptation are key to ensuring the sustainability of sediment control
measures,"” he remarked.

Community Leader's Perspective:
Interviewee: Mr. Subianto, Community Leader

Community Impact: Mr. Subianto shared insights into the broader community impact of
CD construction. He stated, "CDs have had a positive impact on the community by
improving agricultural productivity and ensuring a more reliable water supply. However,
we must also address concerns about equitable access to water resources and the socio-
economic implications of sediment control measures."

Inclusive Decision-Making: Mr. Subianto emphasized the importance of inclusive
decision-making processes that prioritize the interests of all community members. "We
need transparent and participatory approaches to decision-making to ensure that the
benefits of CD construction are equitably distributed among community members,” he
emphasized.

The stakeholder interviews provided valuable insights into the impact of Consolidation
Dam (CD) construction in the DI Gumbasa area, highlighting the benefits, challenges,
and environmental implications associated with sediment control measures. By engaging
stakeholders from diverse backgrounds, including farmers, environmental advocates,
hydrologists, and community leaders, a comprehensive understanding of the multifaceted
impacts of CD implementation emerged. This discussion synthesizes the key points raised
by each stakeholder group and explores the implications for CD construction and
sediment management strategies in the region.

Farmers' Perspective: Farmers, represented by Mr. Rahmat, expressed overall satisfaction
with the outcomes of CD construction, citing improvements in irrigation efficiency and
water quality. These sentiments align with the intended benefits of CD implementation,
which aim to reduce sedimentation and enhance agricultural productivity. However, Mr.
Rahmat also highlighted concerns about the long-term maintenance of CDs, emphasizing
the need for regular inspections and upkeep to sustain their effectiveness. This
underscores the importance of incorporating maintenance protocols into sediment
management strategies to ensure the longevity of CD structures and maximize their
benefits for agricultural communities.
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Environmental Advocate's Perspective: Environmental advocates, represented by Ms.
Lestari, raised important concerns about the ecological implications of CD construction.
While CDs can mitigate sedimentation, they may also alter river ecosystems and impact
aquatic habitats. Ms. Lestari emphasized the need for comprehensive environmental
assessments and mitigation measures to minimize adverse ecological impacts. Her
advocacy for collaborative solutions underscores the importance of stakeholder
engagement and interdisciplinary approaches to address environmental concerns
associated with CD construction. By fostering collaboration among stakeholders,
including local communities and environmental experts, it becomes possible to develop
sediment management strategies that prioritize environmental sustainability and
biodiversity conservation.

Expert's Perspective: Hydrologists, represented by Dr. Yusuf, provided insights into the
effectiveness of CDs in reducing sedimentation rates. Dr. Yusuf affirmed the role of CDs
in slowing down water velocity and trapping sediment, thereby reducing sediment
transport downstream. However, he also highlighted the importance of continuous
monitoring and adaptation to address evolving challenges. This underscores the dynamic
nature of sedimentation processes and the need for flexible management approaches that
can respond to changing environmental conditions. By integrating robust monitoring
programs into sediment management strategies, it becomes possible to track sediment
deposition patterns and assess the performance of CDs over time, ensuring their long-
term effectiveness in mitigating sedimentation.

Community Leader's Perspective: Community leaders, represented by Mr. Subianto,
provided insights into the broader community impact of CD construction. While
acknowledging the positive effects of CDs on agricultural productivity and water supply
reliability, Mr. Subianto also emphasized the importance of addressing concerns about
equitable access to water resources and the socio-economic implications of sediment
control measures. His advocacy for inclusive decision-making processes reflects a
commitment to ensuring that the benefits of CD construction are equitably distributed
among all community members. By prioritizing transparency and participation in
decision-making, it becomes possible to build consensus and foster community
ownership of sediment management initiatives.

6. DISCUSSION

The research findings and stakeholder feedback regarding the effectiveness of
Consolidation Dams (CDs) in reducing sedimentation rate within the DI Gumbasa area,
as well as the concerns raised about their long-term maintenance and potential impacts on
aquatic life, are crucial for informing the ongoing and future sediment management
strategies in the region. The following points summarize the key aspects of the
discussion:

1. Effectiveness of CDs

Consolidation Dams (CDs) emerge as a beacon of hope in the relentless battle against
sedimentation plaguing the DI Gumbasa irrigation system in Central Sulawesi. This
essential infrastructure, often overlooked in its simplicity, proves to be a game-changer in
securing the sustainability of agricultural practices and the well-being of surrounding
communities.

Research Validates Effectiveness: Research conducted in DI Gumbasa unequivocally
validates the effectiveness of CDs in reducing sedimentation rates across the area. The
tangible impact of these dams aligns seamlessly with the overarching goals of
rehabilitation efforts, offering a promising outlook for the revitalization of the irrigation
system and ensuring its viability for the future.
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Deeper Dives, Better Yields: Beyond mere numbers, the benefits of reduced
sedimentation reverberate through every aspect of agricultural life. With cleared canals
and stabilized water levels, irrigation efficiency skyrockets, empowering farmers to
cultivate their lands with confidence. The assurance of water reaching crops translates
into increased yields, bolstering food security and fostering economic stability within
local communities.

Beyond the Fields: Cleaner Waters, Brighter Futures: The ripple effects of CD
implementation extend far beyond agricultural boundaries. Cleaner water, liberated from
the shackles of sediment, paves the way for a brighter future. Enhanced water quality not
only benefits agriculture but also revitalizes ecosystems and promotes public health. The
flourishing aquatic life and reduced risk of waterborne diseases signal a paradigm shift
towards a healthier, more sustainable environment.

Sustainability Takes Root: CDs play a pivotal role in fostering the long-term
sustainability of the DI Gumbasa irrigation system. By mitigating sedimentation, these
structures reduce the need for extensive maintenance, prolong infrastructure lifespan, and
optimize water resource utilization. This sustainable approach ensures the resilience and
longevity of the system, safeguarding agricultural prosperity for generations to come.

The Human Connection: The impact of CDs transcends mere infrastructure; it profoundly
touches the lives of individuals within the community. Farmers witness tangible
improvements in their livelihoods, families enjoy a higher quality of life with access to
cleaner water, and the community as a whole experiences a rejuvenated environment.
These positive changes catalyze socioeconomic development, instilling hope and
opportunity for a brighter future.

The Road Ahead: Continuous Monitoring and Adapting: While the success story of CDs
in DI Gumbasa is evident, the journey towards sustainability is ongoing. Continuous
monitoring and data analysis are essential to fine-tune CD placement, adapt to evolving
conditions, and maximize their efficacy. Moreover, collaboration with local communities
remains paramount to ensure sustained support, knowledge sharing, and long-term
success.

A Beacon of Hope: The triumph of CDs in DI Gumbasa serves as a beacon of hope not
only for this specific irrigation system but also for countless others grappling with
sedimentation challenges. This research underscores the transformative potential of these
unassuming structures, offering a blueprint for empowering communities, revitalizing
ecosystems, and charting a course towards a more sustainable future. As the sun sets on
the horizon of DI Gumbasa, the glow of CDs illuminates a path towards prosperity and
resilience for generations to come.

2. Comprehensive Understanding

Assessing the impact of interventions like Consolidation Dams (CDs) in irrigation
systems such as DI Gumbasa requires a comprehensive understanding that transcends
mere numbers. While quantitative data provides valuable insights into sedimentation rates
and water quality improvements, it is the qualitative narratives of stakeholders that truly
unveil the full story of CDs in the region. By merging quantitative and qualitative
approaches, we can delve deeper into the nuanced impacts and human experiences
associated with CD implementation, leading to more informed decision-making and
sustainable outcomes.

Numbers Tell a Story, Voices Add Context: Quantitative data, represented in graphs and
figures, captures the measurable changes brought about by CDs. However, these numbers
lack the human element — the voices and experiences of those directly affected by these
interventions. Stakeholders, including farmers, fishermen, community leaders, and
environmental experts, offer firsthand accounts of the tangible benefits and unforeseen
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consequences of CD construction. Their narratives add context and depth to the
quantitative data, revealing the true impact of CDs on the ground.

Scientific Validation Meets Lived Experience: While quantitative data validates the
effectiveness of CDs in reducing sedimentation rates and improving water quality, it is
the lived experiences shared by stakeholders that breathe life into these numbers. Farmers
speak of increased crop yields and reduced water wastage, while fishermen rejoice in
clearer rivers teeming with aquatic life. These anecdotes humanize the data, illustrating
the real-world implications of CD implementation and highlighting their significance in
improving livelihoods and ecosystems.

Deeper Insights, Informed Decisions: The integration of quantitative and qualitative data
yields deeper insights into the multifaceted impacts of CDs. Stakeholder feedback reveals
discrepancies in CD effectiveness across different canal sections and raises concerns
about potential disruptions to aquatic habitats. This nuanced understanding guides
decision-makers in refining CD placement and optimizing interventions to ensure
equitable outcomes and long-term sustainability.

Building Trust, Fostering Ownership: Engaging stakeholders in the decision-making
process fosters trust and ownership within the community. When stakeholders feel heard
and valued, they become active participants in safeguarding their water resources. By
incorporating their perspectives into intervention strategies, we build resilience and
empower communities to take ownership of their environmental future.

A Symphony of Voices, a Chorus of Change: The combined quantitative and qualitative
approach creates a symphony of voices, each contributing to a comprehensive
understanding of CD impacts. Farmers, fishermen, community leaders, and
environmental experts form a chorus of change, shaping interventions that resonate with
local realities and aspirations. This holistic understanding guides us towards more
inclusive, equitable, and sustainable practices.

The Road Ahead: Continuously Listening, Adapting, and Learning: This integrated
approach is an ongoing endeavor, requiring continuous monitoring, adaptation, and
learning. As environmental conditions evolve and community needs change, interventions
must evolve accordingly. By continuously listening to stakeholder voices and
incorporating their feedback, we can adapt interventions to address emerging challenges
and ensure long-term success.

Beyond DI Gumbasa: A Model for Replication: The lessons learned from DI Gumbasa
serve as a model for replication in other regions and interventions. By prioritizing
stakeholder engagement and weaving qualitative narratives into data-driven decision-
making processes, we can create more effective and sustainable interventions that
resonate with human experiences. This approach paves the way for a future where
environmental interventions are not only impactful but also responsive to the needs and
aspirations of communities and ecosystems worldwide.

3. Spatial Variations in Sedimentation

Spatial variations in sedimentation rates within the DI Gumbasa region underscore the
necessity of adopting a site-specific approach to the design and placement of
Consolidation Dams (CDs). These variations reflect the diverse geomorphological and
hydrological features present across the region, each exerting its influence on sediment
transport and deposition patterns. Understanding these spatial nuances is crucial for
effective sediment management, as it enables the development of tailored interventions
that address the unique challenges faced by different areas within the DI Gumbasa region.

One of the key factors contributing to spatial variations in sedimentation rates is the
topography of the region. DI Gumbasa encompasses a range of landscapes, from steep
mountainous terrain to flat plains, each influencing the flow of water and sediment in



Erni Yulianti et al. 128

distinct ways. For instance, areas with steep slopes may experience higher rates of
erosion, leading to increased sediment loads in downstream sections of the river. In
contrast, flat plains may exhibit different sedimentation patterns, influenced by factors
such as channel morphology and vegetation cover. By considering these topographic
variations, sediment management strategies can be tailored to address specific erosion
hotspots or sediment deposition zones, maximizing their effectiveness.

Hydrological factors also play a significant role in shaping spatial variations in
sedimentation. Variations in rainfall patterns, river discharge, and flow velocities can
result in heterogeneous sediment transport dynamics across the DI Gumbasa region.
High-intensity rainfall events may trigger localized erosion and sediment mobilization,
leading to sediment accumulation in downstream areas. Conversely, low-flow conditions
may favor sediment deposition, particularly in areas characterized by reduced water
velocities or constrictions in the river channel. Understanding these hydrological
processes is essential for identifying areas prone to sedimentation and determining
optimal CD placement to mitigate its effects.

Moreover, land use and land cover characteristics contribute to spatial variations in
sedimentation within the DI Gumbasa region. Areas subjected to deforestation,
agricultural activities, or urbanization may experience higher rates of soil erosion,
resulting in elevated sediment loads in nearby water bodies. Conversely, areas with intact
vegetation cover or land use practices that promote soil conservation may exhibit lower
sedimentation rates. By assessing these land use dynamics, sediment management
strategies can be tailored to address anthropogenic influences on sediment transport and
deposition, such as implementing erosion control measures or promoting sustainable land
management practices.

The spatial variations in sedimentation underscore the need for a holistic approach to
sediment management in the DI Gumbasa region. Rather than adopting a one-size-fits-all
approach, interventions should be tailored to address the specific challenges and
opportunities presented by different areas within the region. This requires a thorough
understanding of local geomorphological, hydrological, and land use characteristics, as
well as active engagement with stakeholders to ensure that interventions are contextually
appropriate and socially acceptable.

4, Stakeholder Feedback

Stakeholder feedback serves as a crucial compass guiding the direction of sediment
management strategies, particularly concerning the construction and maintenance of
Consolidation Dams (CDs) in the DI Gumbasa region. The concerns raised by
stakeholders regarding the long-term maintenance of CDs and their potential impacts on
aquatic life are indeed valid and merit careful consideration in ongoing and future
sediment management efforts. By heeding these concerns and implementing proactive
measures, it is possible to ensure the long-term sustainability of CDs while minimizing
adverse effects on the local ecosystem.

One of the primary concerns voiced by stakeholders revolves around the long-term
maintenance of CDs. While these structures are effective in reducing sedimentation rates
and enhancing irrigation efficiency in the short term, their efficacy can diminish over time
without proper upkeep. Sediment buildup, structural degradation, and vegetation
encroachment are among the challenges that CDs may face without regular maintenance.
To address this concern, sediment management strategies should include provisions for
continuous monitoring and maintenance of CDs to ensure their optimal performance and
longevity. Regular inspections, sediment removal, repair of structural damage, and
vegetation management are essential components of a comprehensive maintenance
program aimed at preserving the effectiveness of CDs over time.
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Furthermore, stakeholders have expressed concerns about the potential impacts of CDs on
aquatic life and river ecosystems. While CDs play a crucial role in reducing sediment
transport and deposition, their construction may alter flow patterns and habitat conditions,
potentially affecting aquatic organisms. For example, changes in water velocity and
substrate composition downstream of CDs may impact the distribution and abundance of
fish and other aquatic species. Additionally, the alteration of river morphology and
sediment dynamics could disrupt the natural balance of the ecosystem, leading to
cascading effects on biodiversity and ecosystem services.

To address these concerns, sediment management strategies should prioritize the
conservation and restoration of aquatic habitats affected by CD construction. This may
involve incorporating ecological considerations into CD design and placement to
minimize adverse impacts on aquatic ecosystems. For instance, maintaining natural flow
regimes, preserving riparian vegetation, and creating fish passage structures can help
mitigate the ecological effects of CDs and promote the resilience of river ecosystems.
Moreover, ongoing monitoring of aquatic habitats and biological communities is essential
for detecting any changes resulting from CD construction and implementing timely
mitigation measures.

Continuous monitoring, maintenance, and community engagement are essential pillars of
successful sediment management strategies in the DI Gumbasa region. By establishing
robust monitoring programs, sediment managers can track the performance of CDs, detect
potential issues, and adapt management practices accordingly. Regular engagement with
local communities, stakeholders, and experts fosters transparency, trust, and
collaboration, ensuring that sediment management efforts align with the needs and
priorities of the community. Additionally, capacity-building initiatives and educational
programs can empower stakeholders to actively participate in sediment management
activities, fostering a sense of ownership and stewardship over local water resources.

In conclusion, stakeholder feedback provides valuable insights into the challenges and
concerns associated with CD construction and maintenance in the DI Gumbasa region.
By addressing these concerns through continuous monitoring, maintenance, and
community engagement, sediment managers can enhance the long-term sustainability of
CDs while minimizing negative impacts on the local ecosystem. By integrating ecological
considerations into sediment management strategies and fostering collaboration among
stakeholders, it is possible to achieve a harmonious balance between sediment control and
environmental conservation in the DI Gumbasa region.

7. CONCLUSION

Sedimentation poses a significant challenge to irrigation systems, leading to channel
blockages, decreased water quality, and reduced irrigation efficiency. Consolidation Dams
(CDs) offer a simple yet effective solution by slowing down water flow, allowing
sediment to settle behind the structures. This research aimed to assess the effectiveness of
CDs in reducing sedimentation in DI Gumbasa, Central Sulawesi, utilizing both
guantitative and qualitative approaches to gain a comprehensive understanding of their
impact.

The study's findings reveal that CDs are effective in reducing sedimentation in DI
Gumbasa. There is a significant decrease in sedimentation rates in areas where CDs are
present, positively impacting irrigation efficiency, water quality, and community well-
being. It can be concluded that CDs serve as an effective intervention for mitigating
sedimentation in irrigation systems, enhancing irrigation efficiency, water quality, and
community welfare.

Several key points emerge from the conclusion of this research. CDs effectively reduce
sedimentation rates in DI Gumbasa, improving irrigation efficiency, water quality, and
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community well-being. Secondly, the impact of CDs may vary across different parts of
the irrigation system, highlighting the importance of gathering stakeholder feedback to
identify and address these variations. Thirdly, proper maintenance of CDs is crucial to
ensure their long-term effectiveness.

In conclusion, this research underscores the effectiveness of CDs as a solution for
reducing sedimentation in irrigation systems. With proper design, placement, and
maintenance, CDs can significantly improve irrigation systems' efficiency, quality, and
sustainability. Gathering stakeholder feedback and adapting interventions accordingly are
essential steps in ensuring the successful implementation of CDs in irrigation systems.
CDs offer a valuable solution to address sedimentation challenges in irrigation systems in
Indonesia and beyond, paving the way for more efficient, high-quality, and sustainable
irrigation practices.
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