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Abstract

Urban drainage systems are one of the most important structures, requiring a long-term analysis and careful design
for sustainable and efficient stormwater management. Previously, hydrological modeling and analysis were not
popular among practitioners and researchers due to heavy dependency on time-consuming GIS systems. The
current study is primarily focused on the area of Khulna University of Engineering and Technology (KUET),
located in the southwestern region of Bangladesh. In times of heavy rain, the KUET area is inundated regularly
for several hours. So, it is required to find the issues behind this scenario; the existing drainage system needs to be
rechecked. The study is going to use the EPA SWMM tool developed by the United States Environmental
Protection Agency to analyze the existing drainage system. Using the master plan of the KUET campus, the
backdrop image has been created to run the model. In the model, the total number of conduits was found about
more than 300, and the shape of all the pipes is assumed to be rectangular with a depth of 1.5m. The model results
reveal the condition of conduits and junctions. If any conduit overflows during heavy rain, it needs to be
maintained. To run the model, the period was taken from 2022 to 2023, and the maximum daily rainfall data was
collected from the Bangladesh Meteorological Department (BMD). However, the model will provide
multidimensional curves, data, and one can determine flow capacity, flooding risk, flow rate, and water retention
time.
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1. INTRODUCTION

Urbanization is the major reason for building a sustainable drainage system for a community. As dense population
can cause a waterlogging problem in the stormwater and sewer network (M.E((Water Resources & Hydraulic
Engineering) Chinmoy Ranjan Das, n.d.). Under such circumstances, inadequate urban drainage infrastructure
frequently results in surface waterlogging, infrastructure damage, and environmental degradation, especially
during periods of heavy precipitation. Therefore, there are such problems regarding waterlogging in urban cities
that bring much attention to the engineers, planners, and policymakers. Stormwater modeling is a vital tool in
contemporary urban water management, providing the ability to simulate complex surface and subsurface
hydrological responses under varying rainfall, land use, and drainage conditions. It allows planners and researchers
to evaluate the efficacy of sustainable urban drainage systems (SUDS), test "what-if" scenarios, and optimize the
layout and design of important infrastructure. Stormwater models act as decision-support tools for robust and data-
driven stormwater strategies by forecasting runoff volumes, peak discharges, and pollutant loads. (Zoppou, 2001).
Computational tools that can simulate hydraulic and hydrological processes with high spatial and temporal
resolution are becoming more and more important in urban stormwater management in the modern world. To
model rainfall-runoff behavior, drainage infrastructure, flood forecasting, and pollutant transport under various
land-use and climate scenarios, engineers and researchers worldwide heavily rely on tools such as the EPA Storm
Water Management Model (SWMM), HEC-HMS (Hydrologic Modeling System), MIKE URBAN, and InfoWorks
ICM. For example, EPA SWMM is well known for its adaptability in sub-catchment-level modeling of urban
runoff quantity and quality, which is particularly helpful when examining low-impact development (LID)
practices. (Rossman, 2009). Each model has certain drawbacks despite its potential. Although EPA SWMM is an
effective tool for urban catchment analysis, it lacks detailed topographic flexibility and frequently needs external
GI1S-based preprocessing to more accurately depict terrain. Even though HEC-HMS works well for large-scale or
rural catchments, it is less user-friendly for highly urbanized micro-drainage networks. Even though MIKE
URBAN is extensive, it requires a lot of resources, including money and processing power, which makes it less
available in developing or low-income areas. (Cheng et al., 2024).

A case study was done on Pune city, India, where urban stormwater modeling was done and identify the
deficiencies of the drainage systems. That study showed, Pune’s existing drainage system cannot handle extreme
rain intensities and suggested increasing the drain size or providing alternate arrangements to handle excessive
flows (Sonavane et al., 2020). Another case study was done on the central area of Coimbra, Portugal, using the
Automatic Overland Flow Delineation (AOFD) methodology of EPA SWMM to create and implement a surface
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drainage network, and then a dual drainage model was formed, including flood analysis and water quality. That
study found out the concentration of Total Suspended Solids (TSS), water quality at the surface during flooding,
and impact of a retention basin. But that model did not account for the deposition of Total Suspended Solids (SST)
in retention basins. Moreover, the accumulation and leaching of pollutants in drainage systems are influenced by
various variables and are difficult to predict. It also indicated that the model should be calibrated with field
measurements to increase the certainty of the results (Girdo et al., 2017). For an ungagged urban watershed in
Matara Municipal Council area, Sri Lanka, EPA SWMMS5 model used to find the peak flow attenuation with 30%
reduction and to explore the flooding point at some specific nodes along with the duration and extent. That model
also showed the improvement in outflow hydrographs. Though that study lacked of gauged data and high-
resolution terrain data for urban watersheds. The limitations in time and resource for the detailed engineering
surveys and parameter measurements, and the absence of local tidal records might hamper the model and graphs.
The study required clear understanding of infiltration and routing models (Wanniarachchi & Wijesekera, 2012).
An empirical study was done on Hyderabad city, taking 2,5,10 and 25 years of return period to find the sufficiency
of existing drainage system. The result showed that the system was inadequate to manage the volume of runoff
produced especially extreme flood occurred in 2years of return period. But the model’s impact is limited by the
lack of spatial variability and scale of the area (Shikaf Ali S et al., 2024).

In Bangladesh, major cities are facing mild to severe stormwater flooding due to heavy rainfall (Taher & Haque,
2020). Among these cities, Khulna is the third-largest city of Bangladesh, and due to its geographical location, this
area is vulnerable to climate-related hazards, such as flooding, waterlogging, salinity intrusion, and cyclonic
surges, making it an important focus for environmental and hydrological studies (Islam et al., 2024). As a result of
moderate to heavy rainfall, it has been observed how much the Khulna city and the localities are inundated every
year. Firstly, climate change causes some effects, particularly the rise in sea levels brought on by global warming.
Secondly, it primarily intensifies the effects of the prevalent natural occurrences, such as flooding, particularly in
metropolitan areas. Tidal effects, sea level rise, and poor urban drainage management are all likely to make the
city's flood problem worse. To get rid of this sort of problem, the preventive measures have always been taken by
the authorities or by the administrations of Khulna, e.g., KDA (Khulna Development Authority) and KCC (Khulna
City Corporation). All the mitigation strategies include Stormwater modelling, improving drainage infrastructures,
Stormwater retention and detention policies, urban planning and zoning controls, etc. (Esraz-Ul-Zannat, 2016).
The current study is going to explore the existing drainage condition of Khulna University of Engineering and
Technology (KUET) campus, which is situated in Khulna. The KUET campus and its surrounding areas are
monitored by the KDA. Khulna City in Bangladesh faces significant water management challenges, particularly
waterlogging due to its low-lying topography and climate change impacts (Kumar et al., 2016; Sarkar et al., 2021).
Drainage modeling integrated with development planning can help address these issues (Kumar et al., 2016). A
simulation model revealed that 62.52% of the study area experiences waterlogging, affecting roads and structures
(Sarkar et al., 2021). The city's water supply system shows geographical disparities, with affluent areas enjoying
better coverage. Encroachment of water bodies, such as the Mayur River and Nirala Canal, exacerbates water
management problems. Recommendations include improving water supply coverage, implementing hierarchical
water tariffs, and promoting inter-organizational collaboration to enhance urban resilience (Salauddin et al., 2024).
Additionally, sustainable management of municipal solid waste is crucial for the city's overall environmental health
(Alamgir et al., 2007). This research is going to observe the existing drainage condition of the KUET campus by
developing a model using the EPA SWMM tool to simulate different rainfall scenarios and to identify critical
drainage lines or nodes.

2. METHODOLOGY

2.1. Study Area

For the current study, Khulna University of Engineering and Technology has been chosen. The university is
situated approximately 13 kilometers north-west of the Khulna city center, and is geographically positioned at
22.9006° N latitude and 89.5022° E longitude. This area is a hydrologically sensitive area that experiences seasonal
monsoon rainfall, high groundwater tables, and waterlogging issues. KUET’s campus is situated in a low-lying
zone with gentle topographic variation, surrounded by semi-urban land uses, small water bodies, and drainage
canals, which ultimately connect to the Bhairab River. The area’s climate is classified as tropical monsoon (Am)
under the Kdppen climate classification, characterized by hot, humid summers and heavy rainfall from June to
September. This geographical context makes KUET a suitable case study location for investigating urban drainage
and stormwater management challenges. Figure 1 shows the entire study area adopted to stand a model using EPA
SWMMS5.2.
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Fig. 1: Map illustrating the Study Region (Area Obtained for the Former and New Campus of
KUET) (Source: Google Earth Pro)
Although the current drainage structure is only available on the older or operational part of the KUET campus, the
newly acquired area for campus extension doesn’t have any drainage lines yet. Therefore, the existing drainage
pattern is shown in Figure 2.

2.2 Data Collection

To develop the EPA SWMM model, time series data required a certain period of meteorological precipitation
records. For that, the rainfall data of Khulna station had been collected from the Bangladesh Meteorological
Department (BMD), and the period entered as a time series value was 1st January 2023 to 31 December 2023.
Which means the data was run for 365 days of rainfall.

2.3 Collection and Processing of Base Maps

From the engineering section of KUET, the CAD drawing of the campus’s existing drainage condition was
collected (Figure 3). It is used as the backdrop image for the EPA SWMM model. In this figure, the lines emanating
from every building and the roadside gutters are in dark black and gray colors, which are visible in the figure.

Figure 2. The existing drainage layout and topographic features of the KUET campus
2.4 Development of EPA SWMM Hydrologic-Hydraulic Model
Using the EPA SWMM 5.2, the drainage structure of the KUET campus has been developed. In the beginning, the
area is divided into 5 catchments, one rain gauge (as the area is quite small for the study), the required number of
junctions, and the conduits are developed (Figure 3). The map below displays the spatial layout of the modeled
area, showing the subcatchments and associated drainage network.
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Figure 3. Developed a stormwater drainage network model of the KUET campus in the EPA SWMM
interface, showing subcatchments, junctions, conduits, and outfalls

3. RESULTS & DISCUSSION

A comprehensive stormwater drainage model was developed using spatial and hydraulic data, including catchment
boundaries, drain networks, and invert elevations on EPA SWMM 5.2 to simulate stormwater flow behavior under
different rainfall events of one year. The model is based on five catchments, one rainfall gauge (as there is only
one rain gauge station available for the Khulna region), multiple junctions, and over 300 conduits, representing the
existing drainage network of the KUET campus, which can be considered an urban area.

Sub-catchments were identified based on slopes, land use, and flow direction, and hydrologic parameters were
assigned. The model was simulated under various rainfall scenarios to assess peak flow and overflow-prone
locations. After giving all the input data, the model was run, and a summary report was developed to analyze the
results. Figure 4 illustrates the hydrologic output related to the subcatchments. Also, many other hydraulic
parameters, e.g., surcharge, depth of flooding, velocity, peak discharge, etc.

Figure 4 shows a summary of subcatchment runoff simulation results generated using a hydrologic modeling
software. The table presents various parameters for five subcatchments (S1-S5), including total precipitation,
infiltration, impervious and pervious runoff, total runoff, peak flow, and runoff coefficients. These values indicate
how rainfall is distributed across surface processes such as infiltration and runoff, with high runoff coefficients
(around 0.98) suggesting minimal infiltration and a largely impervious surface.

The hydraulic analysis identified a few critical drainage lines exhibiting overflow conditions during peak rainfall
events. These overflow points are likely caused by insufficient slope gradients and undersized conduit dimensions
that failed to accommodate the design discharge. It is also assumed that inadequate surface inlets and cross-drain
connectivity reduce the network efficiency in directing runoff toward outfalls.

This model shows that existing drainage faces localized flooding (Figure 5) due to not following the design rules
for changing rainfall intensity and land use patterns. Figure 6 is the conduit surcharge results from the EPA SWMM
simulation. The data shows that several conduits (e.g., C467, C417, C418) remained full for extended periods,
suggesting flow restrictions and insufficient conveyance capacity during peak rainfall events. Therefore, beyond
immediate maintenance, structural improvements- e.g., optimizing the conduit sizes, adjusting invert levels, and
introducing detention basins, etc. are recommended.

Though the current model could not be calibrated and validated due to limited slope and flow observation data, it
successfully provides a baseline for evaluating further drainage conditions of the KUET campus. The framework
developed in this study can support future modifications, scenario analysis, and resilience planning for similar
urban or semi-urban institutional areas.
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Figure 4. Hydrologic Output (Subcatchments-related)
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Figure 5. Profile Node from Outfall 1 to Outfall 2

Summary Results E
Topic: |Conduit Surcharge v | Click a column header to sort the column.
Hours
Hours Hours Hours Above Hours
Both Ends Upstream Downstream Normal Capacity
Conduit Full Full Full Flow Limited
C467 5965.45 5965.45 6908.29 0.01 0.01
417 3735.56 3735.56 6907.74 0.01 0.01
c418 3372.79 3372.79 6907.74 0.01 0.01
C186 0.04 2018 441,96 0.01 0.01
52 0.01 1.83 20.18 0.01 0.01
C416 0.01 0.01 3735.56 0.01 0.01
c421 0.01 755 0.01 0.01 0.01
423 0.01 0.01 337279 0.01 0.01
C254 0.01 0.01 3372.79 0.01 0.01
Cc178 0.01 0.01 1.83 0.01 0.01

Figure 6. Summary Results of Conduit Surcharge (Sorted from High to Low at Both Ends)
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The status report is useful in many aspects, such as drain capacity assessment, identifying flood-prone zones, and

analyzing peak load times, among others.

4. LIMITATIONS

As the drainage structure is made by considering the gravitational flow, the appropriate slope data were not
available during the study. This study is only done to provide a model, which will show the path of drainage design

analysis, getting out of the conventional system.
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5. CONCLUSION

The study assessed the existing drainage condition of the KUET campus through an EPA SWMM-based modeling
framework. The model effectively simulated rainfall-runoff responses and identified vulnerable drainage sections
that require hydraulic improvements. The results gave the validation of high imperviousness and insufficient
slopes, causing a low infiltration rate and localized flooding during intense rainfall.

Also, this work establishes a simple foundation of data data-driven stormwater management model for the KUET
campus and similar low-lying areas in Bangladesh. To achieve long-term sustainability, climate-resilient drainage
elements, e.g., detention basins, infiltration zones, and green infrastructure, are recommended. Despite the lack of
proper slope and calibration data, the developed model provides a practical and adaptable tool for future drainage
planning, performance evaluation, and climate-responsive design initiatives.
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