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Abstract: This study aims to analyze the structure of budget allocation based on the Bill of Quantity (BOQ)
document for the Swamp Reclamation Network Improvement Project in DR. Petung, Penajam Paser Utara
Regency. A quantitative descriptive approach was used, focusing on calculating the cost proportions and
work weights to identify dominant components in the project. The analysis revealed that out of a total budget
of IDR 3,333,333,333.33, three major work groups box culvert bridge construction (IDR 1,120,928,026.65
or 33.63%), screw-type water gate (IDR 871,211,789.55 or 26.14%), and primary canal works (IDR
816,184,000.00 or 24.49%) absorbed more than 84% of the total project cost. These proportions align with
the work weights stated in the BOQ, indicating consistency between the technical workload and budget
allocation. These findings reinforce that hydraulic control structures are critical components in swamp
reclamation projects and should be the primary focus in budget planning and cost control. The study
recommends applying data-based BOQ evaluations as tools to improve budget efficiency and risk
management for future infrastructure projects.
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1. Introduction

Swamp reclamation projects represent a strategic effort in water resource management and regional
development, particularly in areas characterized by soft soils and limited arable land (Sulaiman et al., 2019).
One of the critical aspects of such projects is the efficient and purposeful planning of budgets. The Bill of
Quantity (BOQ) document serves as the primary instrument in detailing unit prices, work volumes, and total
cost estimates (Abdullahi et al., 2021). Accuracy in budget allocation through the BOQ directly impacts the
success of project implementation and the efficient use of resources (Bo et al., 2015; Wang, 2023).

Several previous studies have emphasized the importance of optimizing budget allocation through
mathematical approaches and intelligent algorithms, such as Particle Swarm Optimization (Arzanlou &
Majrouhi Sardroud, 2024) and multi-criteria weighting (Shim & Lee, 2017). On the other hand, budget
management must also account for risks and uncertainties in construction projects (Eliasson, 2025; Lotfi et
al., 2024), making the structure and composition of costs in the BOQ critical for in-depth analysis.
Nevertheless, studies focusing on the direct evaluation of BOQ structures in swamp reclamation projects in
Indonesia remain limited.

Based on this background, this study aims to analyze budget allocation based on the BOQ of a swamp
reclamation project located in DR. Petung, Penajam Paser Utara Regency. The main focus is directed toward
evaluating dominant cost components, the distribution of work weights, and the overall efficiency of the
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project's cost structure. The findings of this study are expected to provide valuable input for policymakers
and project implementers in designing more optimal, data-driven budget allocations.

2. Materials and Methods

This study utilizes secondary data obtained from technical documentation in the form of the Bill of
Quantity (BOQ) for the Swamp Reclamation Network Improvement Project in DR. Petung, located in
Penajam Paser Utara Regency, East Kalimantan Province. The BOQ document contains detailed
descriptions of work items, units, volumes, unit prices, total costs, and the corresponding weight of each
task in relation to the overall project. The data are numerical, structured, and based on national standards,
making them highly relevant for evaluating budget planning in civil engineering infrastructure projects (Bo
et al., 2015; Wang, 2023).

The BOQ was selected as the primary data source based on its role in reflecting actual planning
conditions in the field, as well as its function as a reference in contract preparation, cost control, and project
execution. The BOQ is generally organized into major categories of work such as preparatory work, canal
construction, structural components, and other supplementary tasks. Each work item is associated with a
specific unit and volume, which, when multiplied by the unit price, yields the total cost for that item. The
clarity of structure and measurability of the BOQ data enable a systematic analysis of the efficiency and
distribution of budget allocations within this swamp reclamation project (Shim & Lee, 2017).

2.1. Study Location

This study was conducted on a project located in DR. Petung Subdistrict, Penajam District, Penajam
Paser Utara Regency, East Kalimantan Province. The area is characterized by swampy terrain and soft soils,
necessitating a well-planned water management system and appropriate reclamation structures. The
improvement of the swamp reclamation network aims to support surface water control, expand the potential
for productive agricultural land, and reduce the risk of seasonal flooding. DR. Petung is part of a designated
development area with high priority within the framework of national basic infrastructure development.

The geographic and hydrological conditions of this area make it a representative case for analyzing
budget allocation in swamp infrastructure projects, as technical planning must consider soil conditions, canal
requirements, and water control structures. Therefore, this project is relevant as a case study to examine how
budgets are allocated, categorized, and prioritized within the technical framework of swamp reclamation
(Alkhawaja & Varouqa, 2023; Moussa et al., 2024).

Figure 1. Study Location

2.2. Analysis Method

This study employs a quantitative descriptive approach, using proportion and cost distribution analysis
as the primary method, based on the contents of the BOQ document. The analytical steps carried out include:
2.2.1.Cost Proportion Analysis

Each work item in the BOQ was calculated for its cost proportion relative to the total project budget
using the following formula:

Item Cost Value

Cost Proportion(%) = ( )x 100 (1)

Total Project Cost
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This analysis was used to identify the work components with the largest contribution to the overall
budget structure. Items with a cost proportion exceeding 10% of the total project value were categorized as
dominant works, which require particular attention in resource allocation efficiency (Shim & Lee, 2017).

2.2.2. Work Weight Analysis

The work weight was calculated as the percentage contribution of each work item to the overall project,
based on the item’s total cost. The formula used is as follows:

Item Cost

Work Weight(%) = (TotalBOQ

)x 100 2)

This weight reflects how significantly a particular work item represents the overall project workload,
both in terms of cost and estimated work volume, although time-related data was not included in this study.

2.2.3. Evaluation of Budget Distribution Efficiency

After calculating the proportion and weight of each work item, an efficiency deviation analysis was
conducted to assess whether the budget distribution was proportional. The formula used is:

Efficiency Deviation = Actual Weight — Ideal Weight 3)

The ideal weight is determined based on the assumption of an even distribution or the expected ratio
derived from the technical composition of the work. A large deviation indicates potential inefficiency or
overbudgeting in certain project components.

2.2.4.1dentificationn of Critical Work Categories

The work items were classified according to their main categories, and those with the highest cost
values or weight percentages were identified as critical components. This approach aligns with risk-based
infrastructure studies and highlights work elements that have dominant contributions to the overall project
budget (Lotfi et al., 2024; Arzanlou & Majrouhi Sardroud, 2024).

3. Results
3.1. Cost Distribution by Work Categories

The analysis of the Bill of Quantity (BOQ) document shows that the total cost of the Swamp
Reclamation Network Improvement Project in DR. Petung amounts to approximately IDR 3.33 billion (IDR
3,333,333,333.33). From this total budget, the largest allocation is found in the construction of the box
culvert bridge, with a value of IDR 1,120,928,026.65, accounting for 33.63% of the overall project cost.

This is followed by the primary canal work with a budget of IDR 816,184,000.00 (24.49%), and the
construction of the screw-type water gate, which absorbs IDR 871,211,789.55 or 26.14% of the total project
cost. These three categories represent the project's core structural components and jointly consume
approximately 84% of the total budget, indicating that the project is heavily focused on the development
and improvement of water control infrastructure.

Other work categories, such as the secondary and sub-secondary canal works, account for IDR
292,631,567.65 (8.78%) and IDR 176,207,000.00 (5.29%) respectively. Meanwhile, preparatory works
contribute around IDR 52,015,999.48 or 1.56%, and the construction of the asset signboard amounts to IDR
4,154,950.00 or 0.12% of the overall budget.

3.2. Consistency of Work Weight with Budget Allocation

The subsequent analysis compares the percentage weights of work items listed in the BOQ with their
actual cost proportions. The results indicate a relatively strong correlation between the planned work weights
and the actual budget contributions. For instance, the box culvert bridge work has a weight of 30.57%, which
aligns closely with its cost proportion of 33.63%. Similarly, the primary canal work accounts for 24.49%,
and the screw-type water gate accounts for 26.14%, both of which demonstrate that the technical work
weight allocation accurately reflects the financial workload of the project (Shim & Lee, 2017; Wang, 2023).
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Percentage Distribution of Work Categories in the Total Project Budget
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Figure 2. Percentage Distribution of Work Categories in the Total Project Budget

This alignment indicates that the project planning process was sufficiently accurate in mapping the
workload to the budget allocation, making it a valid basis for time management and project cost control.

3.3. Dominant Work Components and Their Implications for Project Control

The work components that dominate the project budget are those with high technical complexity, such
as concrete works, reinforcement installation, formwork construction, and other water control structures.
These types of work also carry high execution risks in terms of both quality and completion time. Therefore,
enhanced supervision is required for these components, both in terms of construction methods and resource
management.

The literature highlights that failures in controlling structural work are among the main factors
contributing to cost overruns and schedule delays (Eliasson, 2025; Moussa et al., 2024). As such, an early
understanding of budget distribution as demonstrated in this study is highly beneficial for mitigating risks
in infrastructure projects.

3.4. Relevance to Swamp Reclamation Project Planning

This study reinforces the finding that in swamp reclamation projects, budget dominance does not solely
come from excavation and open canal works, but rather from supporting structures such as bridges and water
gates. Therefore, BOQ planning should prioritize resource allocation to these major structural components.
The BOQ should not be viewed merely as an administrative document, but also as a managerial tool for cost
control and informed decision-making (Lotfi et al., 2024; Arzanlou & Majrouhi Sardroud, 2024).

4. Discussion

The results of this study show that the budget allocation for the Swamp Reclamation Network
Improvement Project in DR. Petung is highly concentrated in three major work components: box culvert
bridge construction (33.63%), screw-type water gate (26.14%), and primary canal works (24.49%). This
significant distribution reflects the substantial technical and financial load borne by structural water control
infrastructure. These findings are consistent with those of Bo et al. (2015), who emphasized that in large-
scale reclamation projects, canal systems and flow-regulating structures are the primary focus of resource
allocation.

The consistency between planned work weights and actual cost proportions also indicates that the BOQ
planning in this project was conducted proportionally and realistically. As described by Shim and Lee
(2017), the alignment between technical workload and budget allocation helps reduce deviation risks during
implementation. This reinforces the role of the BOQ not only as an administrative document but as an
effective tool for cost control.

Furthermore, the results support existing literature that highlights the importance of cost control in
large-scale structural works within infrastructure projects (Eliasson, 2025; Moussa et al., 2024). The three
dominant work components are characterized by high risks, in terms of duration, logistical dependency, and
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potential quality deviations. Therefore, early mapping of work weights and budget values becomes essential
to focus supervision and mitigate overall project risks.

In a broader context, the BOQ-based evaluation approach used in this study can be applied to other
infrastructure projects, especially those located in areas with similar geographic characteristics (swamps,
lowlands, soft soils). Future studies are encouraged to integrate physical realization data and project progress
to analyze the actual deviation between planning and execution. Additionally, predictive models based on
machine learning (Moussa et al., 2024) could be developed to proactively identify potential cost failures in
future projects.

5. Conclusions

This section is mandatory but can be added to the manuscript if the discussion is unusually long or
complex and add research limitations and policy implications to the theory and practice.

This study concludes that the total budget of the Swamp Reclamation Network Improvement Project
in DR. Petung, amounting to IDR 3,333,333,333.33, is dominated by three main work categories:

e Box Culvert Bridge Construction: IDR 1,120,928,026.65 (33.63%)
e Screw-Type Water Gate: IDR 871,211,789.55 (26.14%)
e Primary Canal Works: IDR 816,184,000.00 (24.49%)

These three components collectively absorb IDR 2,808,323,816.20, which equals 84.26% of the total
project value. Meanwhile, the remaining works such as secondary canals (IDR 292,631,567.65 or 8.78%),
sub-secondary canals (IDR 176,207,000.00 or 5.29%), preparatory works (IDR 52,015,999.48 or 1.56%),
and asset signage (IDR 4,154,950.00 or 0.12%) only account for a combined total of IDR 524,986,517.13
or 15.74%.

These findings indicate that the technical planning accurately reflects the proportional budget needs,
reinforcing the BOQ’s role as a tool for budget control. A limitation of this study is the absence of physical
realization data or progress reports, making it impossible to evaluate the implementation against the initial
plan. Furthermore, this study does not address time aspects, technical risks, or field productivity efficiency.

From a policy perspective, this research highlights the importance of quantitatively evaluating BOQ
composition as a basis for prioritizing supervision and adjusting budget allocations. For project
implementers and planners in swamp reclamation initiatives, a data-driven approach like this can inform
more efficient cost allocation strategies and help anticipate waste in non-priority work items. Future research
is recommended to integrate BOQ analysis with actual progress data and predictive cost modeling to
enhance planning accuracy and project control.
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