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ABSTRACT 
Frequent flooding caused by the Babon River overflow during the rainy season presents a significant 
challenge for the construction of the Semarang–Demak Toll Road Section 1C. High tidal water and 
unstable subgrade conditions threaten project timelines and worker safety. This study aims to 
determine the most efficient temporary water flow management structure at the Babon River estuary 
during construction. A scientific approach was adopted through field observation, hydraulic and 
geotechnical data collection, and hydrological-hydraulic modeling using Q2 and Q5 flood scenarios. 
Four culvert alternatives were analyzed in terms of hydraulic performance and cost efficiency. Among 
them, the Armco Type Multi Plate Pipe (MPP) Arch culvert—with a 4,580 mm span, 3,050 mm rise, 
and 7 mm thickness—was found to be the most optimal due to its low cost, ease of installation, and 
rapid construction timeline. The implementation of this system is projected to minimize flood risks, 
ensure safer construction conditions, and reduce operational delays. The findings contribute valuable 
insights into temporary drainage solutions for flood-prone construction zones and can be adapted for 
similar infrastructure projects in urban lowland areas. 
 
Keywords: Babon River Estuary, Semarang – Demak Toll Road, Hydraulics, Construction Stability, 
Armco Culvert. 

 

 

INTRODUCTION 

The government supports infrastructure development through programs that support 
growth in all fields. The Department of Public Works and Public Housing is the center of 
infrastructure development. One of the fields includes water resources (SDA). The duties of 
SDA according to the law include controlling the destructive power of water due to river 
normalization, utilization of SDA in irrigation and watering, raw water and groundwater, and 
conservation of SDA (Amanatillah & Anggraini, 2020; Latif, Irwan, et al., 2019; Latif, Rusdi, 

et al., 2019; Posumah, 2015; Riskayanti, 2022). 
 Controlling the destructive power of water in the Watershed System and Urban 

Drainage System is part of Water Resources (SDA). Water flows through tertiary channels to 
accommodate rainwater flowing over the land surface, which is channeled to a larger system 
(secondary and primary), which then flows into rivers. It is also called a water building system 
(Alfarobi & Tujni, 2023; Deng et al., 2022; Masthura et al., 2023; Xie et al., 2017). The goal is 
to reduce the amount of excess water in the soil so that the land can be fully used after drying. 
Sanitation can also be an additional goal to control soil quality. During the rainy season, the 
area where the Semarang-Demak Toll Road Package 1C is located in Trimulyo Village, Genuk 
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District, Semarang City, experiences a rise in river water levels. This causes flooding, especially 
overflowing water from the Babon River, which passes through and empties into the 
Semarang-Demak Toll Road Package 1C work location. This can impact several things, such as 
flood-prone locations that make workers unsafe and pump houses that are worried about 
being flooded by the overflowing Babon River. Therefore, it is necessary to conduct research 
on overflowing water from the Babon River, especially during the upcoming rainy season. 
About the construction project of retention ponds integrated with sea walls on the Semarang 
Demak Toll Road, river integration activities, especially on the Babon River in Semarang, as 
the outlet channel for the Terboyo retention pond. 

Culverts support the construction of temporary connecting bridges, which are used as 
temporary access roads to facilitate traffic, and permanent buildings related to handling the 
flow at the Babon River estuary. Planning and implementation of activities at the river estuary 
are followed by construction implementation technology that focuses on hydrological, 
hydraulic, and geotechnical development engineering. The development of this technology 
usually occurs in river channel areas where relevance is required between the maximum 
discharge during the calculated Q2 and Q5 work implementation periods. 

Calculate the highest elevation that will be recorded in the water reservoir on the river 
morphology, which will affect the initial structure to be built. The retention pond is one of the 
urban drainage systems that can be specialized again. The retention pond is a substitute for 
infiltration land changed for housing purposes. Office and industrial areas that do not have 
much infiltration. The retention pond also functions as water distribution, flood control, and 
waste management, based on the volume of water collected (Wahyudi & Adi, 2016). In this 
case, the polder drainage system is a collection of lowlands that form an artificial hydrological 
unit surrounded by embankments (Alam et al., 2017; Cahyono et al., 2022; Santos et al., 
2023). 

Drainage can be a curved water channel on the surface or underground, made by 
humans or naturally, and designed as a system to meet needs. In field situations, ditches 
above the surface or culverts below the surface can prevent flooding and maintain water 
supply and irrigation. A channel is needed in certain systems to drain rainwater that falls on 
the land. Those above the ground surface are channeled into larger channels, while smaller 
channels, such as household channels, are integrated with other infrastructure systems. and 
are made for use in liquid waste treatment systems. 

The subgrade and geological classification behavior are important for building 
structures, including river reinforcement structures. Especially in the estuary area, clay (silt) 
is mixed with sand and shell fragments at a depth of up to 12 meters. Hard soil can be found 
at a depth of 100 meters. After conducting excavations at the temporary building placement 
location, structural analysis with previous geotechnical conditions was completed. 
Geographical Position Semarang City consists of Upper City (above) and Lower City (below). 
The lower city often experiences flood disasters according to the natural law of water flow. 
This condition worsens when the lower city's land surface drops, making Rob fly towards the 
sea. Normalization of the Babon River, located east of Semarang City, is one of the activity 
steps in the lower area. The subject of this study is one of the objects of the Semarang-Demak 
toll road construction project, integrated with the sea wall and toll road, with a retention 
pond structure, and related to simulation and evaluation to assess temporary building 
structures to support work influenced by underlying soil and hydrology behavior. 
Construction evaluation in its function is the core of this study. This research can provide 
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recommendations for typical implementation in other places that are better and more 
efficient than the one in Kali Babon Semarang. 

During the Semarang–Demak 1C Toll Road construction, particularly in the Trimulyo 
area near the Babon River estuary, high rainfall and river overflow frequently cause flooding. 
This threatens construction infrastructure and project continuity, compromises worker 
safety, and delays progress. A critical issue arises in managing the Babon River’s flow 
effectively during construction, requiring technical solutions that balance cost efficiency, 
flood mitigation, and hydraulic performance under temporary conditions. 

Infrastructure projects, especially toll roads integrated with sea walls and retention 
ponds, play a vital role in urban flood control and transportation development. The Babon 
River is a key drainage route in Semarang’s lowland area, prone to tidal flooding and heavy 
runoff during the rainy season. Without an effective interim drainage structure during 
construction, there is a heightened risk of flooding that may damage temporary facilities, 
delay the project, and endanger personnel. 

Furthermore, improper handling of river flow during the construction phase can result 
in long-term hydrological imbalances and additional post-construction repair costs. 
Therefore, it is urgent to ensure effective flood discharge management through accurate 
hydrologic-hydraulic analysis and construction design. Evaluating cost-efficient, technically 
feasible alternatives makes this study essential for informing better practices in similar large-
scale infrastructure developments in flood-prone zones. 

Wahyudi & Adi (2016) emphasized the importance of retention ponds and polder 
systems in managing urban drainage, particularly in flood-prone zones like Semarang. Their 
work outlined how these systems substitute for lost infiltration zones and help regulate 
stormwater discharge. Similarly, Kodoatie (2003) defined integrated water management 
structures, such as culverts and drainage channels, as critical for flood prevention during 
urban development projects. 

Zakaria (2009) and Terzaghi & Peck (1948) Investigating soil stability and foundation 
behavior in saturated zones underscores the significance of understanding subgrade 
characteristics when implementing temporary water diversion systems. These studies 
emphasize the necessity of geotechnical considerations in construction near estuarine areas 
like the Babon River. Meanwhile, Hubert Chanson (1998) discussed simplified hydraulic 
modeling methods for overflow control, highlighting the application of cost-effective culvert 
designs in temporary projects. 

However, most prior studies have focused on long-term infrastructure or permanent 
drainage solutions. They seldom explore temporary hydraulic structures applied under 
dynamic construction conditions or compare different culvert design alternatives based on 
technical and economic feasibility. This creates a gap in guidance for temporary river diversion 
strategies in active toll road projects. 

Although previous research has addressed flood control, urban drainage, and soil 
stability, few studies have investigated temporary water diversion structures during 
infrastructure construction, particularly those comparing hydraulic efficiency with 
construction costs. There is also limited research on the use of Armco Multi Plate Pipe (MPP) 
Arch culverts in temporary flood discharge settings during toll road development in Indonesia. 
This study addresses that gap by analyzing hydraulic modeling and cost evaluations of 
multiple alternatives for managing Babon River flow during construction. 

The novelty of this research lies in its comparative evaluation of multiple culvert 
alternatives using hydrologic-hydraulic modeling combined with cost analysis for temporary 
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flood control. By incorporating both geotechnical and tidal data in the design of temporary 
drainage structures, the study proposes a cost-efficient, rapid-deployment solution—
specifically the Armco MPP Arch culvert—for managing river discharge in a construction 
setting, which has not been widely applied in similar contexts in Indonesia. 

The objective of this study is to identify and recommend the most efficient and cost-
effective water drainage structure to control the flow of the Babon River during the 
construction of the Semarang–Demak 1C Toll Road, using hydraulic modeling, geotechnical 
assessment, and cost analysis of culvert alternatives. 

This study provides practical guidelines for contractors, engineers, and policymakers 
involved in flood-prone infrastructure projects. It delivers data-driven recommendations for 
temporary water flow management using efficient and implementable culvert systems. The 
findings serve as a reference for planning similar flood mitigation strategies during toll road 
construction and contribute to more resilient and economically feasible construction 
practices in vulnerable urban areas. 

 
METHOD 

The study begins with a descriptive approach, collecting data through documentation, 
field observations, and geospatial surveys. These methods are essential to capture the 
physical characteristics of the Babon River, including river morphology, water levels, 
sedimentation, and surrounding infrastructure conditions. Primary data, such as flood 
elevations and structural measurements, were gathered directly from the field, while 
secondary data were sourced from authoritative bodies like the River Basin Center. These 
data include topography, rainfall records, flood discharge estimations, geological profiles, and 
prior technical reports related to soil stability and hydrology. 

To support analysis, the study applies a hydrological and hydraulic modeling 
framework, using quantitative methods to simulate flood discharge scenarios (Q2 and Q5 
return periods) and evaluate alternative drainage solutions. This includes analyzing riverbed 
elevations, tidal interactions, and flow velocities to determine the most suitable culvert 
design. Both permanent and temporary water flow management strategies were compared 
using modeled output to assess their hydraulic efficiency, construction feasibility, and cost 
implications. Data were processed through multiple stages: editing, coding, and tabulation, 
ensuring consistency and alignment with engineering standards. 

The analytical method used combines engineering design principles with economic 
feasibility analysis. A comparative cost analysis was performed on each culvert alternative, 
using standard unit prices, labor coefficients, and regulatory benchmarks, such as the Minister 
of PUPR Regulation No. 1 of 2022. Through this integrated methodology, the study identifies 
the optimal construction solution (Armco MPP Arch culvert) based on hydraulic performance 
and cost efficiency. This comprehensive approach enables evidence-based recommendations 
for similar flood-prone infrastructure projects, especially during temporary construction. 
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RESULTS AND DISCUSSION 

 

Figure 1. Research Location 

 

Hydraulic Modeling Results 

A. Ebb and Flow of Water Elevation 

The tidal design water level is the water level that will be used for planning. In short, 

input is required to model the Babon River as a planned flood discharge in the form of a 

time step and tidal data that occurs downstream of the Babon River. To determine the 

planned flood discharge data that will be used: 

 

Table 1. Peak Discharge of Babon River 

Repeat Period Peak Discharge m3/sec 

Q2 262,75 

Q5 314,38 

Q10 320,00 

Q25 368,33 

Q50 409,02 

Q100 453,94 

Q1000 640,11 

(Source: Researcher Processing, 2024) 

 

It can be seen that in the Babon River, the peak flood discharge plan in various 

return periods of the analysis results has a higher value up to Q50; several factors are the 

analysis of the differences, namely unrefreshed rainfall data, differences in watershed 

delineation, differences in distribution methods, and others. The flood discharge analysis 

used for the model is a return period of 2 years (Q2) and 5 years (Q5). The planned flood 

discharge used in the Babon River flood modeling uses the results of the consultant's 

analysis as follows. 
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Table 2. Peak Discharge Return Period of Babon River 

Source: Researcher Processing, 2024 

 

In addition to the flood discharge from the river, ebb and flow occur downstream 

of the Babon River, affecting the water level in the channel cross-section, especially in 

the downstream area of the river. The following is the tidal data that will be used in the 

model. 
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Table 3. Tidal Data 

 
Source: Researcher Processing, 2024 

 

The tidal data obtained are not only numbers but also graphs. Here is a graph of 

tidal data. 

 

 
Figure 2. Tidal Data Graph 

Source: Researcher Processing, 2024 
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Then, a diversion flow is made that can drain the current water discharge 

downstream of the Babon River. The following are some alternative schemes and 

parameters planned for the model. This modeling uses a two-year return period (Q2) for 

flood discharge to obtain an efficient design. This is because this building is not a 

permanent building but a temporary building used for two years of the project. 

From the modeling that has been carried out for several parameters for each 

alternative, the following results were obtained: 

 

Table 4. Hydraulic Model Result Matrix of Several Alternatives 

Model Elevation 

Downstream 

TMA 

Dimensions 

Channel 

(m) 

Amount 

Channel 

(bh) 

Elevati

on 

Base 

Information 

Alternative 1 +4.180 2.4 10 0.700 Not Recommended 
Alternative 2 +2.220 3 14 -0.700 Recommendation 

Alternative 3 +2.800 4.58x3.05 4 -1.000 Not Recommended 

Alternative 4 +1.500 4.58x3.05 6 -1.000 Recommendation 

 

 
 Figure 3. Alternative Culvert Construction 2 

 

 
 Figure 4. Alternative Culvert Construction 4 

 

B. Cost Analysis 

To get the most efficient cost from several alternative results obtained, it is 

necessary to calculate the cost for each alternative. To form a cost, a basic unit price is 

needed for labor wages, materials, tools, and their coefficients. The source of the basic 

unit price can be obtained from: 

1. Local government provisions include provincial or district/city minimum wages, 

excluding taxes. 

2. Central Bureau of Statistics 

3. Survey data and other data that can be accounted for. 

Meanwhile, the coefficient can be obtained from the Minister of PUPR Regulation 

No. 1 of 2022, concerning guidelines for preparing construction work cost estimates or 

using technical analysis. 

The following are the basic unit prices and the coefficients obtained. 
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Table 5. Basic Price of Labor Wages 

 
 

Table 6. Basic Price of Materials 

 
 

Table 7. Basic Price of Equipment 
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Table 8. Manual Earth Embankment Engineering Analysis 

 
 

Tabel 9. Analisa Teknik Aramco Type MPP Arch, Uk. Span 4580mm x Rs 3050 mm x 7 mm 
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Table 10. Technical Analysis of Reinforced Concrete Box Culvert, Size 300cm x 300cm x 

100cm 
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Table 11. Mechanical Soil Excavation Technique Analysis 
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Table 12. Mechanical Earth Embankment Engineering Analysis 

 
Source: Researcher Processing, 2024 

 

C. Alternative Cost 2 

Alternative culvert 2 used Cast Concrete Box Culvert material with dimensions of 

300 mm x 300 mm x 100 mm, as many as 98 pieces. With the analysis of the unit price of 

the work item, as follows: 
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1. Reinforced Concrete Box Culvert Work with Unit m1 

  

 
 

2. Mechanical Earth Excavation Work with m3 units 
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3. Mechanical Earth Filling Work with m3 units 

 

 
 

4. Manual Earthworks with m3 units 

 
 

From the analysis of the unit price of the work above, the price for the Alternative 2 

culvert work is obtained as follows: 

 

Table 13. Price of Culvert Work Using Alternative 2 
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1. Alternative Cost 4 

Alternative culvert 4 used Aramco Type MPP Arch material with span size 4580mm x 

rise 3050mm x thickness 7mm, as many as 6 pieces with 1 piece length of 7.6 m. With the 

analysis of the unit price of the work item, as follows: 

 

1. Aramco Type MPP Arch work with m1 units. 

 
 

2. Mechanical Earth Excavation Work with m3 units 
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3. Mechanical Earth Filling Work with m3 units 

 
 

4. Manual Earthworks with m3 units 

 
 

From the analysis of the unit price of the work above, the price for the Alternative 4 

culvert work is obtained as follows: 

 

Table 14 Price of Culvert Work Using Alternative 4 
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Research result 

Based on the results of the analysis and discussion of this research, the following 
results were obtained: 
The solution used to drain water at the Babon River estuary during the construction period is 
to use culverts with 2 alternatives, namely: 
A. Alternative 2 

1. The culvert uses a Reinforced Concrete Box Culvert with 300mm x 300mm x 100mm 

dimensions. 

2. The number of speedboats along the road is 14, and across the road is 7. So the total 

requirement is 98. 

3. The channel base is placed at an elevation of -0.700 and installed in flat elevation 

conditions. 

4. Requires a dam height of approximately 0.9 m for the Babon River along 700 m 

upstream due to backwater. 

 

B. Alternative 4 

1. Culverts using Armco Type Multi Plate Pipe (MPP) Arch with a span size of 4580mm x 

rise 3050mm x thickness 7mm 

2. The total requirement is 1 piece of road lengthwise, 7.6 m long, and 8 pieces across the 

road. So, the total requirement is 6 pieces, each 7.6 m long. 

3. The channel base is placed at -1,000 and installed in flat elevation conditions. 

4. From these results, MAB's elevation is below the Babon River's banks. 

The cost analysis results showed that alternative 4, namely a culvert using Aramco's Type 
Multi Plate Pipe (MPP) Arch, was the most efficient in terms of cost. 
 

CONCLUSION 

This study concludes that the most effective construction method for managing water 

flow at the Babon River estuary during the Semarang–Demak 1C Toll Road project is the use 

of Armco Type Multi Plate Pipe (MPP) Arch culverts, with specifications of a 4,580 mm span, 

3,050 mm rise, and 7 mm thickness. This option was selected due to its superior cost 

efficiency, ease of installation, quick construction time, and simple logistics for transportation 

and assembly. Given its advantages, this method is well-suited for temporary drainage 

infrastructure in flood-prone construction zones. For future research, it is recommended to 

explore the long-term hydraulic performance and environmental impact of MPP culverts and 

conduct comparative studies on other culvert materials and configurations under varying 

topographic and climatic conditions to expand the applicability of such designs in broader 

infrastructure contexts. 
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