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Abstract: This study aims to optimize the budget planning for the rehabilitation of the Rempanga — Bukit
Biru irrigation canal in Tenggarong, Kutai Kartanegara, East Kalimantan. The focus of this research includes
accurate estimation of construction costs, identification of key cost components, provision of a solid basis
for project budget planning, and ensuring the economic feasibility of the project. Data were collected
through field surveys, technical documentation, and lists of material and labor prices, followed by detailed
cost calculations using the standard analysis of the Ministry of Public Works and Housing. The cost
estimation revealed that concrete masonry work constitutes the largest share of the total budget, followed
by stone masonry and earthwork. Budget optimization was carried out by identifying major cost components
and applying value engineering principles. This analysis emphasizes the importance of precise cost planning
to support project implementation efficiency, as well as the potential for risk control to minimize material
and time wastage. The findings of this research can serve as a reference for similar projects in regions with
comparable geographical and technical challenges. Future research is recommended to integrate digital
technologies such as Building Information Modeling (BIM) for real-time cost simulation and integrated
project management.
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1. Introduction

In an effort to enhance the efficiency of irrigation canal rehabilitation projects, optimal preparation of
the Budget Plan (RAB) plays a crucial role (Elshaikh et al., 2025). Budget planning optimization aims not
only to minimize cost deviations but also to provide a solid foundation for technical and strategic project
decision-making (Ashour et al., 2024). The success of irrigation canal rehabilitation is highly influenced by
accurate estimation of construction costs, covering technical works, material provision, and indirect costs
that may affect project execution (Elmousalami et al., 2024; Okmen, 2016). Additionally, detailed and
realistic RAB preparation supports project risk control, which often arises from insufficient valid data,
inadequate planning, and technical and non-technical uncertainties (Shobeiri et al., 2023; Oyonarte et al.,
2022). In the context of water resource management, the success of this rehabilitation project will strengthen
the contribution of irrigation canals to food security and sustainability in the agricultural sector (Meinzen-
Dick, 2014; Loureiro et al., 2023). Budget planning optimization not only provides a comprehensive
planning basis but also helps identify key cost components for prioritization and control (Kohzad, 2024;
Barkhordari & Hashemy Shahdany, 2022). Accurate and comprehensive cost estimation allows for a deeper
evaluation of the project’s economic feasibility, minimizing potential budget wastage and enhancing overall
project efficiency (Akpe et al., 2024; Judijanto, 2024; Caldera et al., 2021). Previous studies have shown
that the application of new technologies and careful management systems can improve operational
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efficiency and project sustainability, both in terms of cost and time (Alaerts, 2020; Hayashi et al., 2014).
Moreover, drawing lessons from similar projects, thorough planning and control become strategic steps in
ensuring the success and sustainability of irrigation canal rehabilitation projects (Eshete et al., 2020).

2. Materials and Methods
2.1. Study Location and Object of Research

The research location focuses on the budget planning for the rehabilitation of the Rempanga — Bukit
Biru irrigation canal, located in Tenggarong District, Kutai Kartanegara Regency, East Kalimantan
Province. This area is one of the strategic zones in water resource management to support the local
agricultural sector, facing challenges such as diverse geographical and topographical conditions and
relatively high rainfall. Based on surveys and measurements, the Rempanga — Bukit Biru Irrigation Area
(DI) covers an area of 379.68 hectares, consisting of 373.27 hectares of functional area that can be optimally
irrigated and 6.41 hectares of potential area that can be further developed. These data form the main basis
for planning the rehabilitation of the irrigation canal to ensure the continuity of water supply to agricultural
land and support increased productivity in the area.
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Figure 1. Study Location

2.2. Design and Research Stages

This study adopts a case study approach focusing on the rehabilitation budget planning of the
Rempanga — Bukit Biru irrigation canal in Tenggarong District, with the aim of optimizing the Budget Plan
(RAB) preparation to improve project efficiency. The research begins with primary data collection through
field surveys that include physical measurements of the canal, observation of the existing canal function,
and collection of technical data, along with secondary data from planning documents, technical reports, and
unit price data. The collected data are analyzed using the Unit Price Analysis (AHSP) method to ensure
accurate and realistic construction cost estimates, followed by the identification of major cost components
to facilitate budget control and optimization. Subsequently, project control strategies are formulated through
simulations of cost and schedule control, and an economic feasibility analysis is conducted using the cost-
benefit analysis method to ensure investment efficiency and project sustainability. All these stages support
the research objectives, which include accurate construction cost estimation, providing a basis for project
budget planning, identifying key cost components, controlling and planning the project, and ensuring the
economic feasibility of the irrigation canal rehabilitation project.

2.3. Data Resources

The data used in this study consist of primary and secondary data collected to support the rehabilitation
budget planning of the Rempanga — Bukit Biru irrigation canal in Tenggarong District. Primary data were
obtained through field surveys that involved physical measurements of the canal, observation of existing
conditions, topographic data collection, and documentation of canal conditions. Secondary data were
sourced from technical documents, including planning maps, previous planning technical reports, unit price
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data from relevant agencies, as well as rainfall and hydrology data of the study area. These data are also
complemented by information on material prices, labor costs, and construction cost indices applicable in
East Kalimantan. All these data will be used to calculate and analyze the project’s budget plan (RAB),
identify major cost components, and support the economic feasibility analysis of the irrigation canal
rehabilitation project in Rempanga — Bukit Biru.

2.4. Calculation and Cost Analysis Methods

The cost calculation and analysis method in this study is based on the budget plan (RAB) data for the
Rempanga — Bukit Biru irrigation canal rehabilitation project, compiled according to the Unit Price Analysis
(AHSP) formula for Water Resources projects issued by the Ministry of Public Works and Housing (2016).
Construction costs are calculated by determining the Unit Cost of Work (BSP) for each work item using the
formula:

BSP = }.(Q;xHSP;) 0]
Where:
BSP = Total unit cost of work for all work items
Qi = Work volume for the i-th work item (m?, m% or other units)
HSPi = Unit price for the i_th work item (Rp per unit volume)

= Summation over all work items included in the project
In the RAB document, the main work items include canal cleaning, distribution structure repairs, stone
masonry, and reinforced concrete work, calculated based on field measurements (Ministry of PUPR, 2016).
Unit prices are calculated using cost components for materials, labor, equipment, and overhead with the
formula:

HSP:HB+Hu+HA+H0 (2)

Where:
HSP = Unit price of a spesific work item (Rp/unit)
HB = Material cost (Rp/unit)
HU = Labor cost (Rp/unit)
HA = Equipment cost (Rp/unit)
HO = Overhead cost, including general costs and profit margin (Rp/unit)

(Ministry of PUPR, 2016; Barkhordari & Hashemy Shahdany, 2022). Material and labor prices are
obtained from local East Kalimantan data and adjusted with the latest price and wage indices (Alaerts, 2020).
The total construction cost is calculated by summing all BSPs of work items and adding a contingency fee
of 10% and VAT of 11% in accordance with applicable tax regulations:

TC = ) BSP; + (Contingency) + (V AT) 3)
Where:
TC = Total construction cost of the project (Rp)
> BSPi = Total cost from all work items (Rp)
Contingency = Contingency cost to anticipate unexpected changes and risks (typically 10% of the total
cost)
V AT = Value Added Tax applicable to the project (11% of the total cost)

(Okmen, 2016; Caldera et al., 2021). This analysis enables the identification of major cost components
based on the prepared RAB data, such as the rehabilitation work of the canal using stone masonry and
reinforced concrete, which constitute the largest contribution to the total cost. The resulting cost analysis
serves as the basis for preparing project control strategies and economic feasibility evaluations to ensure
optimized budget planning and efficient project execution for the Rempanga — Bukit Biru irrigation canal
rehabilitation.

2.5. Budget Optimization Approach

The budget optimization approach in this study is carried out by analyzing the major cost components
identified from the initial budget plan (RAB) data of the Rempanga — Bukit Biru irrigation canal
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rehabilitation project. Main components such as stone masonry work, reinforced concrete work, and canal
cleaning work are identified as the largest contributors to the total cost (Ashour et al., 2024; Barkhordari &
Hashemy Shahdany, 2022). Optimization is performed through the adjustment of technical specifications
according to field conditions, implementation of efficient work methods, and reduction of material and time
wastage during execution (Caldera et al., 2021; Oyonarte et al., 2022). Additionally, applying lean
construction and value engineering approaches can help reduce costs without compromising work quality,
thus supporting the main objective of this study to improve the efficiency of the irrigation canal
rehabilitation project (Okmen, 2016; Loureiro et al., 2023).

2.6. Economic Feasibility of the Project

The economic feasibility of the Rempanga — Bukit Biru irrigation canal rehabilitation project was
analyzed using the cost-benefit analysis (CBA) method, which considers the total estimated project cost
based on the RAB, the benefits value of increasing the functional irrigated area, and the reduction in
operational and maintenance costs of the irrigation canal (Meinzen-Dick, 2014; Caldera et al., 2021). This
analysis also considers technical, environmental, and social risks that could affect project success (Alaerts,
2020; Hayashi et al., 2014). The CBA results indicate that the project is feasible to implement as it achieves
a positive benefit-cost ratio (BCR) and a significant net benefit, ultimately supporting the sustainability of
the agricultural sector in the Rempanga — Bukit Biru area (Novianto & Albart, 2024; Eshete et al., 2020).

3. Results

This section may be divided by subheadings. It should provide a concise and precise description of the
experimental results, their interpretation, as well as the experimental conclusions that can be drawn.

The results of this study represent a visual depiction of the budget plan (RAB) data for the irrigation
canal rehabilitation project in Rempanga — Bukit Biru, prepared based on the Unit Price Analysis (AHSP)
method referring to the Ministry of Public Works and Housing (PUPR). The graph displays the cost
contributions from each main work component, calculated and analyzed considering field data, survey
results, and relevant planning documents. The determination and analysis align with the research objectives,
which include accurate construction cost estimation, providing a basis for project budget planning,
identifying key cost components, supporting project planning and control, and ensuring the economic
feasibility of the project. This visualization serves as an important tool for understanding cost distribution,
thus facilitating strategic decision-making to support the efficiency of the irrigation canal rehabilitation
project.

Distribution Structure BBR.20 |- IDR 65,070,126
Distribution Structure BBR.15 FIDR 45,984,537
Concrete Masonry IDR 4,623,264,885
Stone Masonry IDR 668,508,301

Earthwork IDR 421,116,243

0 1 2 3 4
Cost (IDR) 1e9

Figure 1. Budget Plan (RAB) Graph of Irrigation Canal and Distribution Structure Rehabilitation Works in
Rempanga — Bukit Biru

The RAB graph illustrates the distribution of costs for the main components of the irrigation canal and
distribution structure rehabilitation project, with three primary categories for the canal: earthwork, stone
masonry, and concrete masonry, as well as two categories for distribution structures: BBR.15 and BBR.20.
Based on the visualization, concrete masonry work dominates the total cost at Rp4,623,264,885.19,
indicating that this type of work requires the largest budget share, likely due to the high costs of materials,
labor, and heavy equipment used. Stone masonry ranks second with a cost of Rp668,508,300.53, while
earthwork ranks third with a cost of Rp421,116,243.03. These two work categories also have significant
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weight, considering the large area and volume of work that needs rehabilitation. Meanwhile, the distribution
structure categories show relatively smaller costs compared to the canal components, with Rp45,984,536.62
for BBR.15 and Rp65,070,126.26 for BBR.20, reflecting the limited scale and technical specifications of
these supporting structures.

The analysis of this graph reinforces the findings of the previous cost calculation method, indicating
that cost optimization should focus on components with the highest contribution, particularly concrete and
stone masonry work. This identification aligns with the research objectives to provide a basis for accurate
budget planning, effective cost control, and assurance of the project’s economic feasibility. The significant
cost contribution of concrete masonry work also highlights the need for risk control and the application of
efficient work methods to minimize potential material and time wastage. On the other hand, although the
distribution structures account for a smaller share of the budget, their presence is crucial for supporting the
distribution and regulation of water flow in the irrigation canal, consistent with the overall rehabilitation
strategy. Thus, this graph not only provides a visual representation of cost distribution but also serves as a
basis for strategic analysis to improve project efficiency.

4. Discussion

The findings of this study demonstrate that accurate and detailed budget planning plays a crucial role
in supporting the efficiency of the irrigation canal rehabilitation project in Rempanga — Bukit Biru.
Identifying key cost components, especially reinforced concrete work, stone masonry work, and earthwork,
provides a solid foundation for formulating effective cost control and budget optimization strategies. These
findings are consistent with previous studies that emphasize the importance of cost control and efficient
work methods in enhancing the success of infrastructure projects (Ashour et al., 2024; Loureiro et al., 2023).
The results of the RAB graph further strengthen the initial hypothesis that the preparation of the budget plan
based on the Unit Price Analysis (AHSP) of the Ministry of PUPR can produce accurate cost estimates while
supporting strategic decision-making for project efficiency (Ginting, 2023; Caldera et al., 2021).

The implications of this study show that irrigation canal rehabilitation projects can gain significant
benefits from the application of detailed cost analysis, focusing on controlling major cost components to
reduce material and time wastage. The optimization approach applied also provides an overview of how
lean construction and value engineering methods can be integrated to support project sustainability (Garcés
et al., 2025; Gunarathne et al., 2022; Barkhordari & Hashemy Shahdany, 2022). In a broader context, the
results of this study can serve as a reference for similar projects, particularly in areas with similar
geographical and technical challenges to Rempanga — Bukit Biru. Future studies are recommended to focus
on developing technology-based cost simulation models, such as Building Information Modeling (BIM), to
support more integrated and real-time budget planning and project control.

5. Conclusions

This study concludes that optimizing budget planning for the irrigation canal rehabilitation project in
Rempanga — Bukit Biru is crucial for enhancing project efficiency. Based on the budget plan (RAB)
calculations, reinforced concrete work dominates the total project cost with a value of Rp4,623,264,885.19,
followed by stone masonry work at Rp668,508,300.53, and earthwork at Rp421,116,243.03. Meanwhile,
the distribution structures (Bangunan Bagi) contribute Rp45,984,536.62 for BBR.15 and Rp65,070,126.26
for BBR.20. Identifying these major cost components forms a strong basis for formulating budget control
and optimization strategies to support more strategic decision-making.

The analysis shows that focused cost control on reinforced concrete and stone masonry work can
significantly reduce potential material and time wastage. These results support the research hypothesis that
accurate cost estimation and effective risk control greatly contribute to project success. However, this study
is limited in scope as it only focuses on one location and has not yet incorporated digital technologies such
as Building Information Modeling (BIM) for real-time cost simulation and project control. Therefore, future
research is recommended to expand the location scope, integrate digital technologies, and consider more
technical and non-technical risk factors. These findings have significant policy implications, particularly in
promoting the adoption of more stringent and standardized cost planning and control systems in irrigation
rehabilitation projects to support the sustainability of the agricultural sector and the welfare of local
communities.
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