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Abstract

Chittagong, the port city of the country, has experienced the highest number of waterlogging incidents in the last
few decades, especially during the monsoon period. The efficiency of the urban drainage network is frequently
compromised due to increased surface runoff resulting from rapid, unregulated catchment development. This
study aims to assess the current drainage capacity of Chaktai Khal using the Storm Water Management Model
(SWMM 5.2). The Chaktai khal, one of Chattogram's major and influential canals, connects to the Karnaphuli
River, draining economically valuable locations in this watershed, such as Bahaddarhat, Kapashgola, and
Chawkbazar. Therefore, it plays a central role in the city's drainage management. The watershed was delineated
using HEC-HMS 4.9, and sub-basins were extracted and formatted for input into the model using GeoSWMM, a
GIS-based pre-processing tool for SWMM. These inputs were then introduced in SWMM 5.2 to simulate the
hydrologic and hydraulic behavior of the drainage system. Rainfall frequency analysis was conducted to develop
the Intensity-Duration-Frequency curve (IDF) using Gumbel’s method. The model was calibrated and validated
using the SCS Curve Number method to ensure accuracy and reliability. The highest daily rainfall data of the last
10years (2014-2023) are considered, out of which the maximum rainfall of 322mm, recorded on August 7, 2023,
is utilized to compute the runoff. The total peak runoff generated from the model was found to be 20.6 m?/s. The
result suggests that, under current conditions, the drainage system has sufficient capacity to handle peak runoff
without causing waterlogging. However, future climate change and urban development may increase runoff,
making it essential to regularly reassess and adapt the drainage system for long-term drainage efficiency.

Keywords: Chaktai Khal, Master Plan, GeoSWMM, SWMM, Waterlogging.
1 Introduction

Urban stormwater modeling is becoming increasingly important due to three key global trends: urbanization, population
growth, and climate change. As cities grow and populations rise, managing stormwater becomes more difficult, and more
people are exposed to its harmful environmental effects. Climate change is also expected to make the problem worse by
increasing the frequency of extreme weather events (Hossain et al., 2013).

Stormwater refers to water that collects on the land surface from rainfall or melting snow and ice. This concept is closely
associated with urban areas where drainage systems are in place (Hossain et al., 2013). Urban stormwater has a significant
impact on the durability of infrastructure, and the design of drainage systems largely depends on rainfall intensity and the
characteristics of the catchment area. These drainage systems play a vital role in safely directing floodwater to the appropriate
receiving systems. Stormwater management focuses on the efficient collection, conveyance, storage, treatment, and disposal
of runoff to minimize erosion and flood damage. In highway design, proper drainage is crucial, as inadequate systems can
lead to early road damage and pose serious safety risks (Mukherjee et al., 2014).

This study aims to identify the critical weaknesses within urban drainage networks, assess their overall service performance
in practical terms, and offer recommendations to enhance the hydraulic efficiency of the entire system. To achieve this, a
study will be conducted using the Storm Water Management Model (SWMM) to assess the performance of a selected
drainage network.

Chittagong, the second largest city in Bangladesh, is characterized by hills formed during the Tertiary period. Located in a
coastal region, the city is highly vulnerable to natural disasters and is considered an urban hotspot for climate-related risks.
Major hazards include cyclones, tidal surges, landslides, earthquakes, waterlogging, and flash floods. In recent years,
Chittagong has become increasingly prone to severe waterlogging and flooding during heavy rainfall, which now occurs
almost annually (Islam & Das et al., 2014).

Historically affected by urban flooding, the city now experiences such extensive waterlogging that even the first monsoon

rain can bring daily life to a halt. These floods have become more intense in both depth and extent. Rapid unplanned
urbanization and the gradual filling of floodplains, rivers, canals, and natural drainage channels have worsened the issue.
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During storms, many areas in Chittagong go underwater because the city's drainage system, including rivers and canals, gets
blocked and cannot handle the high volumes of stormwater. The shortage of open space also prevents proper runoff, leading
to severe drainage congestion, particularly in low-lying areas. Chittagong receives an annual average rainfall between
2100mm and 3800mm, which is significantly higher than most other regions in Bangladesh. The peak rainfall typically
occurs from May to October (Bangladesh Meteorological Department et al., 2025).

Over the past few decades, both riverine and urban flooding have caused severe impacts, particularly in peripheral areas, with
slum dwellers being the most affected. Health risks have also increased due to the consumption of contaminated drinking
water. Several studies, including those by CWASA, have identified the major causes of waterlogging: heavy rainfall, tidal
effects from the nearby Karnaphuli River, and blockages in the sewerage system caused by solid waste. Climate change, with
its trend toward heavier and more unpredictable rainfall, is expected to aggravate the situation further (Samia & Shimu et al.,
2021).

Over the last 48 years, Chittagong has lost at least 12 canals. Currently, the major canals still active include Chaktai Khal,
Rajakhali Khal, Mahesh Khal, Jamalkhan Khal, and Nasir Khal. These canals are interconnected and ultimately discharge
into the Karnaphuli River in the south. Around 100 square kilometers of the city are drained through five major canals.
Fourteen municipal wards fall within the catchment area of Chaktai and Rajakhali Khals (Mahmood et al., 2018).

A joint survey by the Chittagong City Corporation and Chittagong WASA found that 22 canals drain into the Karnaphuli
River. According to the CDA, recent surveys and mapping of 16 canals show that major waterways have lost about 42
percent of their carrying capacity due to siltation, and 87 percent due to malfunctioning sediment traps (Dhaka Tribune et
al., 2017).

Within Chittagong’s urban drainage system, the Chaktai and Rajakhali canals are recognized as the two most important
among the thirty-six canals that primarily channel drainage runoff into the tidal Karnaphuli River (Masum et al., 2023).

The land use patterns in surrounding areas, along with unplanned urban growth, have degraded natural streams and water
bodies. Chittagong has experienced the highest number of flood events in recent decades (Akter & Tanim et al., 2016).

These floods have disrupted the social environment, economy, and ecology of the city. During floods, around 7 million
residents face severe challenges in their daily lives. To address this, the government has launched several initiatives. A
project worth Tk 5,61,650 crore was approved by ECNEC to tackle waterlogging. This includes canal re-excavation,
renovation, development, and the expansion of concrete drains. In total, 11 projects were approved at a combined cost of Tk
9,76,124 crore, of which Tk 8,26,786 crore will come from the national budget, Tk 70,338 crore from organizational funds,
and the rest from project assistance. However, funding constraints have affected proper drainage system development. The
Chittagong Storm Water Drainage Master Plan of 1995 proposed building a full drainage system in five phases from 1995 to
2015. Additionally, BWDB initiated the Flood Control, Drainage Improvement, and Waterlogging Mitigation project with a
budget of Tk 3,16,518 crore, expected to be completed by June 2020 (Dhaka Tribune et al., 2017).

Although administrative responsibility for the 36 canals lies with the Chittagong City Corporation, the Chittagong
Waterlogging Mitigation Project, estimated at Tk 5,616 crore, was approved by the Executive Committee of the National
Economic Council (ECNEC) in August 2017 and entrusted to the Chittagong Development Authority (CDA) for
implementation. This division of jurisdiction and execution has raised concerns over coordination and institutional
accountability in managing the urban drainage system (The Business Standard et al., 2022).

Despite more than Tk 2.73 billion already spent by the Chittagong Development Authority over the past decades, flood
protection efforts continue to struggle to provide lasting relief for the city’s residents (Akter & Tanim et al., 2016).

2 Methodology

This study is based on the limited primary and secondary data, field investigation, and review of other studies to
develop a model in EPA SWMM 5.2, which is an open-source tool for the development of different scenarios
according to Figure To assess the waterlogging condition of Chittagong city under future precipitation and
urbanization patterns, the overall sequence and study approach are shown below:
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Figure -01: Flow diagram of methodology

Primary data included cross-sectional measurements at various points of the Khal and reduced levels (RL)
recorded using the "My Elevation" mobile app. Additionally, the baseflow, mainly from wastewater, was
manually measured. Topographic data were obtained from a 10m resolution DEM collected from the Chittagong
Development Authority (CDA). This DEM was processed in ArcGIS to extract elevation data specific to the
study area. Daily rainfall data (1974-2023) for Chittagong station were collected from BMD, with 2023
recording the highest rainfall of 322 mm in August. To model this extreme monsoon event, the rainfall data were
converted from .xlIsx to .dat format following the required preprocessing steps. IDF curves were developed using
24-hour daily rainfall data (1974-2023) from BMD for the Chittagong station. Gumbel’s distribution method was
applied for frequency analysis, and the derived IDF relationships with correlation coefficients are shown in Table
0L

Table- 01: Empirical equations and their correlation coefficient, R

Return Period (year) Empirical equation Correlation Coefficient, R
2 y = 1165.3x705¢7 0.987
5 y = 1615.9x 0667 0.985
10 y = 1914.3x°0.567 0.976
25 y = 2291.4x70567 0.988
50 y = 2571.1x70567 0.987

Land Use/Land Cover (LULC) data were obtained from ESA WorldCover (10 m resolution), utilizing Sentinel
satellite imagery with 75-77% accuracy. A 2023 LULC map was generated via Google Earth Engine to estimate
imperviousness for each sub-basin. Curve Number (CN) values under AMC Il conditions were extracted from
the GCN250 dataset, which provides global CN data at 250 m resolution based on land use, soil type, and slope.
The dataset was accessed via Google Earth Engine.

Sub-basin delineation was carried out using HEC-HMS 4.9, utilizing a 10 m resolution DEM and canal
shapefiles of Chittagong City. A control point at the outlet of Chaktai Khal was set as the pour point for
watershed delineation. After sub-basin delineation in HEC-HMS, ArcGIS was used to refine and correct
hydrological features. Shapefiles of sub-basins, reaches, junctions, and outlets were imported, and sub-basins
beyond the Chawkbazar region were excluded to focus solely on the relevant catchment area. The hydrological
and hydraulic model was developed using SWMM after verifying and processing spatial data. Corrected
shapefiles from ArcGIS were imported into GeoSWMM to generate the SWMM input (.inp) file. Model
parameters such as imperviousness from the 2023 LULC map and channel properties from CDA were assigned,
with baseflow (1 m) manually added at junctions. The model used the SCS Curve Number for infiltration, the
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Dynamic Wave for flow routing, and a 30-second time step, with flow units in CMS. The calibration parameter
used for this study is percent imperviousness. The model was calibrated with the percent imperviousness of the
subbasins. The method used for calculating the actual runoff is the SCS Curve Number method. After calibrating
the model, it was validated for 2021, which shows satisfactory results.
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Figure -02: Study area map
3 Results and Discussions

The highest daily rainfall data of the last 10 years (2014-2023) are considered, out of which the maximum
rainfall of 322mm, recorded on August 7, 2023, is utilized to compute the runoff. The total peak runoff generated
from all subbasins is 20.6 m®s. The following graphs depict the runoff of different subcatchments from July 1,
2023, to August 31, 2023. Here, graphs are exported from SWMM.
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Figure-03: Subcatchment (S5, S10, S13, S14, S15) runoff with elapsed time
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Figure-04: Subcatchment (S27, S28, S29, S30) runoff with elapsed time
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Figure -05: Subcatchment (S16, S20, S21, S25, S26) runoff with elapsed time

Since the analysis is based on the most recent cross-sectional measurements collected from field surveys, the
model reflects the present hydraulic condition of the canal. The modeling time (08 August 2023) corresponds to
a representative peak flow condition. From the profile, it is evident that the water surface remains below the
canal crest levels at all nodes throughout the reach. It confirms that no flooding is expected to occur under the
given flow conditions, as the water level does not exceed the top of the canal at any point. It can be said that if
the canal has the current geometry of Chaktai Khal, it has sufficient capacity to convey the simulated flow
without causing any overtopping or flooding. However, it is important to note that regular maintenance of the
canal is essential to preserve its current hydraulic capacity. If the channel is properly maintained, free from
encroachment, sedimentation, and blockage, the risk of overflow or flooding is expected to remain minimal in
the future as well. In addition, to reduce the tidal effect, regulators at the outlets with active pumping facilities
should be ensured.

4 Conclusion

Chittagong becomes vulnerable due to heavy rainfall and tidal effects, inundating most of the urban area during
the monsoon period. Inadequate drainage infrastructure and ineffective management cause widespread
waterlogging and hamper daily activities in urban areas. To assess the model’s performance, several indicators
are employed. Among them, the coefficient of determination (R?) is generally used to measure the model’s
accuracy, reflecting how well the predicted values align with the observed data. R? of the model is 0.9875, which
is very high, indicating excellent explanatory power of the model. The Correlation Coefficient (R) of the model
is 0.9937, which indicates almost perfect correlation between observed and calibrated values. Normalized RMSE
is found to be 0.1172% which shows an excellent result. Again, Mean Absolute Error (MAE) is 1.1305. Thus,
these values show a satisfactory model evaluation. In addition, the updated masterplan report indicates that there
is no sign of overbank flooding in Chaktai Khal (Preparation of a Sanitation & Drainage Improvement Strategy
and Master Plan for the City of Chittagong, 2017), which aligns with our model evaluation.

This study’s results are limited by the exclusion of backwater, tidal effects, and local flow variations in the
SWMM model, along with the use of averaged canal dimensions and baseflow values. Additionally, the 10m
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DEM resolution and neglect of solid waste impacts may affect the accuracy of the flood analysis. Future studies
should consider the effects of tidal flow, backwater, and upstream inflow to better represent real drainage
conditions. Using detailed cross-sectional data and spatially varied baseflow values can improve the model
accuracy. Higher-resolution elevation data is recommended for more precise flood mapping. In a real scenario,
the flooded areas in the study area appear to be caused by the limited drainage paths to the khal system, and the
affected areas are in the depression terrains. Moreover, the impact of solid waste accumulation on drainage flow
should be included, as it plays a significant role in urban flooding.
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