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Abstract 

 

Construction of a drainage system to counteract urban floods requires an adequately planned, model-based, and 

sustainable system comprising both natural and man-made features including drains and culverts. Urbanization at 

a fast pace, unlimited construction, and high rainfall intensity have made flood a critical problem in Chattogram. 

This research aims to develop a flood-resistant drainage network for the Halda River Basin by means of advanced 

hydrological modeling processes. Programs like SWMM and GIS were used to study rainfall trends, runoff 

amounts, catchment, and the effectiveness of the drainage network available. Data were extracted from satellite 

pictures, rainfalls, and city drainage maps. The findings show that the drainage networks already in place at 

Bayezid, Oxygen, and Faujdar hat are not sufficient enough to drain intense rainfalls. The proposed design 

improves drainage, supports urban planning, and includes eco-friendly features like swales for better stormwater 

management. 
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1 Introduction 

 

Among all natural disasters, floods are the most frequent and they affect the highest number of people globally 

(UNISDR, 2015). Flood risk is particularly severe in urban areas (Chen et al., 2015). Traditional water management 

scholars define Urban Flooding as ‘an inundation caused by rainfall such that the runoff caused exceeds the 

conveyance capacity of the urban drainage system, and exceedance flow is generated on the urban surface’ (Butler 

et al., 2018). Unlike riverine flooding, which may result from overflowing rivers, urban flooding is usually 

localized and arises from inadequate stormwater management systems. It causes severe disruptions to transport, 

housing, livelihoods, and public health. According to the World Bank (2020), more than 70% of urban areas in 

South Asia face periodic flooding, often due to poorly planned drainage networks and unregulated urban 

expansion. 

 

Bangladesh, a country with dense population and increasing rate of urban growth, is also affected by this. 

Chattogram, the second-largest city and economic hub of the country, witnessed several key challenges such as 

urban flooding, water logging & drainage congestion. These challenges are exacerbated by rapid industrialization 

and urbanization (Kaiser, 2023a). The city, a bustling commercial hub, experiences erratic summer monsoon 

rainfall, significantly exceeding its annual average of 2486 millimeters (98 in.), contributing to the problem (World 

Bank, 2024). Rapid urbanization is one of the major problems which contributes to a great extent in urban flooding 

and drainage issues. This results in the drainage systems inability to manage the storm water efficiently, leading 

to consistent urban flooding. Chattogram city has experienced a significant growth in urbanization in the recent 

decades which leads to the inefficiency of the drainage system of the city. Consequently, the city is becoming more 

vulnerable to drainage congestion and urban flooding. 

 

Inadequate stormwater management exacerbates the issue of urban flooding (Mowla et al., 2013), motivating 

numerous researchers to explore stormwater modeling in urban areas. (Cherqui et al., 2015) first analyzed the 

combined sewerage system at a strategic scale (based on the intervention in combined sewerage system) of the 

whole territory, then analyzed specific areas which potential flooding is identified using Kernel density function. 

(Bhatt et al., 2010) applied satellite-based observations for alluvial plains of North Bihar (India) that are most 

vulnerable to flood hazards. (Sebastian et al., 2022) examined the role of pluvial flooding in generating urban 

flooding, an aspect historically overlooked (Jiang et al., 2015) employed SWMM to simulate urban flooding in 

Dongguan City, China and concluded that while SWMM serves as a useful tool for analyzing urban flooding, it 

lacks the capability to directly generate inundation and hazard studies internally. Therefore, users seek to extract 

file:///C:/Users/AppData/Local/Microsoft/Windows/INetCache/IE/MHJ0JPTE/u2005004@student.cuet.ac.bd
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the data from it and further utilizes the data in GIS or QGIS for better representation. (Quan, 2014) performed 

hydrological modeling and a Geographic Information System (GIS) spatial analysis for Shanghai City, considering 

hypothetical heavy rainfall conditions, elevation, building, and drainage system as impact factors. (Shi, 2012) 

analyzed the risk of a 50-year return period rainstorm waterlogging by integrating a hydraulic model with the GIS 

over the same region. The study found that water depth and population density were the determining factors for 

the correlation among exposure, vulnerability, and waterlogging risk. (Agarwal et al., 2019) investigated the 

capacity of the existing stormwater networks and identified the flood-endangered zones in Vaddeswaram Village 

of Guntur district, Andhra Pradesh, India. (Akter et al., 2016) used the SWMM model to identify the most 

vulnerable areas after zoning the hazardous zones of Chittagong City. Their study found that most vulnerable spots 

are spreads over Bakalia (West and South), some part of Chawkbazar (adjacent to Bakalia) Chittagong port, 

Probortak and Uttar Moddaya Halishahar using Kernal Hazard Density Strategic Scale. 

 

Previous research in various international contexts has shown the potential of SWMM-GIS integration in solving 

complex urban drainage problems. Most of the research study has emphasized the integration of SWMM with GIS 

for flood mitigation, which is still very much limited used in case of Bangladesh, especially in cities like 

Chattogram. Most of the region- specific research focused on flood prone areas like Bakalia or Halishahar, 

overlooking rapid urbanized areas like Bayezid, Oxygen, Faujdarhat. These areas face drainage issues due to 

unplanned urbanization. Many previous studies lack detailed spatial planning, which diminishes its applicability 

in infrastructure planning. This study addresses these gaps by combining SWMM and GIS to design a resilient 

urban drainage network. The aim is to support data-driven planning for flood mitigation in the Halda River Basin. 

 

This study, therefore, aims to fill a critical gap in the urban drainage planning of Chattogram by applying an 

integrated SWMM-GIS framework to the Halda River Basin. The study will use recent satellite imagery, Land use 

data of different time span, rainfall data and field-verified parameters to build a dynamic model of current and 

projected runoff conditions. The objectives include delineating micro-watersheds, calculating peak flow rates for 

25 years return period, assessing the adequacy of existing drainage lines, and designing a proposed drainage 

network that can withstand projected rainfall intensities. 
 

 

2 Materials and Method 
 

The study area map was imported into the SWMM as a background image. The georeferenced image was loaded 

to acquire the precise coordinates in SWMM. The region was split into several drainage basins determined by the 

height. In the same way, sub-catchments, channels, intersections, rainfall measurement points, and so on were 

specified and Input characteristics for all these parameters were designated using the map sourced from Arc-GIS. 

The input for the percentage of impermeability for sub-catchments was determined following an analysis of LULC 

using GIS. The measurements of Drains were implemented based on field observations and Google earth pro. The 

sub-catchments were connected to their respective nodes and connections. The provided time series rainfall data 

influences the parameters for run-off from sub catchments to the specified outlets through their respective 

connections. Modeling of watershed response through SWMM was conducted for current drainage systems. The 

current drainage system was discovered to be inadequate to contain the maximum runoff during intense rainfall. 
 

2.1 Study Area 

 

The initial phase of the study involved the precise delineation of the catchment area. The study focuses on the 

Bayezid, Oxygen, and Faujdar hat catchment, bounded by the coordinates Specific Coordinates Here, e.g., 

22°22'36"N 91°48'02"E. This area forms a critical part of the Halda River Basin and encompasses the urban zones 

surrounding the Oxygen Intersection, the commercial area of Bayezid Bazar, and the residential neighborhoods of 

Faujdar hat. The total catchment area was calculated as 19.2 miles using GIS software and satellite imagery from 

Google Earth. The defined catchment boundary is represented by the red zone in Figure 2.1, which also illustrates 

the existing and proposed drainage network responsible for conveying stormwater runoff from this entire area. 

This georeferenced map of the study area was subsequently imported into the SWMM software to serve as the 

spatial foundation for modeling the drainage network. 
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Figure 2.1: Study Area (Delineated from Google Earth Pro) 

 

2.2 Data Collection 

 

Data Data Source 

Land use map 2010 MODIS (Google Earth Engine) 

Land use map 2020 MODIS (Google Earth Engine) 

Digital Elevation Model (DEM) Google Earth Engine 

Rainfall Data NASA POWER 

Slope profile ArcGIS 

Width of the Sub catchment Arc GIS 

 

2.2 Catchment of Sub Catchment Areas 

 

The catchment had an elevation of 170 ft at its highest point and 40 ft at its lowest, spanning a total length of 19.2 

miles. It was subdivided into multiple sub-catchments, taking into account elevation differences, slope profile, 

flow direction, flow accumulation, basin flow direction as illustrated in Figure 2.2. The slope percentage, 

imperviousness, and Manning’s roughness coefficients for both impervious and pervious surfaces were assigned 

following the recommendations outlined in the SWMM Manual (1982). 
 

 
Figure 2.2: Divided sub catchment in ArcGIS 
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2.3 Sub Catchment After Assigning Node, Conduits and Outfalls 

 

Once sub-catchment areas were identified, the parameters for conduits, nodes, and junctions were entered. The 

input parameters for junctions included elevation and maximum depth, while for conduits they were drainage 

network dimension, Manning’s roughness coefficient and for outfalls were; bottom elevation and maximum depth 

of gutters. The elevation data was gathered from Google Earth Pro. Manning’s roughness coefficient was taken 

from the SWMM Manual appropriate for the area (1982). The runoff from the relevant sub-catchments was 

allocated to the respective nodes and ultimately to the outlet via channels as illustrated in Figure 2.3. As existing 

drainage network data was unavailable the existing drainage network data was prepared based on field study and 

then the network was digitized in ArcGIS. On the basis of that drainage network, node, conduit, outfall. 

 
 

 
Figure2.3: Assigning node and conduits and connecting with outfalls in sub catchment using SWMM 5.2 

 

2.4 Time Series Rainfall Data 

 

 The Time series rainfall data at interval of five minutes for one hour of most rainy day was entered. The rainfall 

value for twenty five-year return period of one-hour duration on five-minute interval was calculated from IDF 

curve generated for Development of rainfall intensity duration frequency (IDF) curves for Chattogram city by 

Masum et.al., 2021. 

 

 

 
Figure 2.4: IDF Curves for Chattogram city (2year, 5year, 10year, 25year return period) 

 

 

3 Tables and Figures 

 

3.1 Figures: 
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Figure 3.1: Digital Elevation Model of Study Area        Figure3.2: Land use Land Cover 2010 

 

 

                               
                   Figure3.3: Land use Land cover 2020                                Figure 3.4: Slope Profile 

 

3.2: Table 

 

Table 1: Sub catchment Runoff 

 
Sub 

catchment 

Total 

Precipitation 

(in.) 

Total 

Runoff 

(in.) 

Total 

Evaporation 

(in.)  

Total 

Infiltration 

(in.) 

 

Impervious 

Runoff 

(in.)  

Pervious 

Runoff 

(in.)  

Total 

Runoff 

(in.) 

Total 

Runoff 

Volume 

(10⁶ gal) 

Peak 

Runoff 

Flow 

(CFS) 

Runoff 

Coefficient  

S1 890 0 0 2.54 266.99 616.95 883.94 1144.17 7193.5 0.993 

S2 890 0 0 2.54 266.99 617.08 884.07 1817.94 11427.82 0.993 

S3 890 0 0 2.72 222.47 664.21 886.68 741.31 4645.25 0.996 

S4 890 0 0 2.36 311.48 575.76 887.24 141.42 885.91 0.997 

S5 890 0 0 2.54 266.97 619.35 886.32 278.69 1747.42 0.996 

S6 890 0 0 2.9 178 700.28 878.28 12639.54 79951.49 0.987 

S7 890 0 0 2.54 266.97 619.74 886.71 777.21 4871 0.996 

S8 890 0 0 2.9 177.98 708.39 886.37 290.74 1822.15 0.996 

S9 890 0 0 2.9 177.98 708.42 886.4 284.98 1785.98 0.996 

S10 890 0 0 2.54 266.99 617.39 884.38 3150.63 19798.39 0.994 

S11 890 0 0 2.54 266.99 617.6 884.59 2718.07 17076.12 0.994 

S12 890 0 0 2.54 266.99 617.96 884.94 2090.54 13128.5 0.994 

S13 890 0 0 2.17 355.99 527.26 883.25 9371.88 58987.65 0.992 

S14 890 0 0 2.54 266.98 614.8 881.78 11495.89 72451.8 0.991 
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S15 890 0 0 2.54 266.99 616.92 883.9 2427.22 15260.72 0.993 

S16 890 0 0 2.54 267 616.38 883.37 1812.91 11405.18 0.993 

S17 890 0 0 2.54 266.99 619.08 886.06 326.73 2049.24 0.996 

S18 890 0 0 2.54 266.98 619.49 886.47 266.94 1673.5 0.996 

S19 890 0 0 1.81 444.98 443.1 888.08 63.9 400.15 0.998 

S20 890 0 0 1.09 622.93 265.89 888.82 91.95 575.7 0.999 

S21 890 0 0 2.54 266.98 618.89 885.87 448.13 2811.27 0.995 

S22 890 0 0 1.45 533.98 354.35 888.33 289.45 1812.63 0.998 

S23 890 0 0 1.45 533.96 354.21 888.17 668.76 4188.51 0.998 

S24 890 0 0 2.54 266.98 619.15 886.13 903.99 5669.4 0.996 

S25 890 0 0 2.54 266.99 618.96 885.94 613.92 3851.02 0.995 

S26 890 0 0 2.54 266.99 612.83 879.82 21049.95 132962.6 0.989 

S27 890 0 0 1.81 445 442.24 887.24 1138.56 7136.39 0.997 

S28 890 0 0 2.54 266.97 618.68 885.65 1355.85 8507.69 0.995 

S29 890 0 0 2.54 266.99 620.17 887.17 121.65 762.05 0.997 

 

Table 2: Node depth 

 
Node Type Average 

Depth (ft) 

Maximum 

Depth (ft) 

Reported 

Maximum 

Depth (ft) 

Hours 

Surcharged 

Time of 

Max 

Depth 

Max 

Hydraulic 

Head 

J1 JUNCTION 2.5 2.5 5 0 0:00 2.5 

J2 JUNCTION 2.5 2.5 4.98 0 0:00 2.5 

J3 JUNCTION 2.5 2.5 4.95 0 0:00 2.5 

J4 JUNCTION 2.5 2.5 4.92 0 0:00 2.5 

J5 JUNCTION 2.5 2.5 4.9 0 0:00 2.5 

J6 JUNCTION 2.5 2.5 4.88 0 0:00 2.5 

J7 JUNCTION 2.5 2.5 4.85 0 0:00 2.5 

J8 JUNCTION 2.5 2.5 4.82 0 0:00 2.5 

J9 JUNCTION 2.48 2.5 4.8 0 0:00 2.48 

J10 JUNCTION 2.5 2.5 4.78 0 0:00 2.5 

J11 JUNCTION 2.5 2.5 4.75 0 0:00 2.5 

J12 JUNCTION 2.5 2.5 4.72 0 0:00 2.5 

J13 JUNCTION 2.5 2.5 4.7 0 0:00 2.5 

J14 JUNCTION 2.5 2.5 4.68 0 0:00 2.5 

J15 JUNCTION 2.5 2.5 4.65 0 0:00 2.5 

J16 JUNCTION 6.1 6.1 8.22 0 0:00 6.1 

J17 JUNCTION 2.5 2.5 4.6 0 0:00 2.5 

J18 JUNCTION 2.5 2.5 2.08 0 0:00 0 

J19 JUNCTION 2.5 2.5 4.55 0 0:00 2.5 

J20 JUNCTION 1.5 1.5 3.5 0 0:00 1.5 

 

Table 3: Conduit Surcharge 

 
Link Type Maximum 

Flow 

(CFS) 

Time of 

Maximum 

Flow 

(hr:min) 

Maximum 

Velocity 

(ft/sec) 

Maximum 

Full Flow 

Ratio 

Maximum 

Depth 

Ratio 

Hours 

Surcharged 

C1 CONDUIT 3.2 0 0:00 11.33 1.94 1 

C2 CONDUIT 0.1 0 1:03 0.52 1 1 

C3 CONDUIT 0.1 0 1:03 0.52 1 1 

C4 CONDUIT 1.54 0 1:03 1.96 1 1 
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C5 CONDUIT 0.04 0 1:03 0.35 1 1 

C6 CONDUIT 0.04 0 1:03 0.32 1 1 

C7 CONDUIT 0.37 0 0:00 1.86 3.94 1 

C8 CONDUIT 0.52 0 0:00 2.19 3.22 1 

C9 CONDUIT 0.66 0 0:00 3.35 1.76 1 

C10 CONDUIT 0.09 0 1:03 0.55 1 1 

C11 CONDUIT 0.43 0 0:00 2.17 3.39 1 

C12 CONDUIT 0.97 0 0:02 4.98 2.21 0.98 

C13 CONDUIT 1.24 0 0:00 7.8 3.72 1 

C14 CONDUIT 0.66 0 0:00 5.25 2.36 1 

C15 CONDUIT 0.06 0 1:03 0.45 1 1 

C16 CONDUIT 0.44 0 0:00 2.75 5.96 1 

C17 CONDUIT 0.11 0 1:03 0.67 1 1 

C18 CONDUIT 0.37 0 0:00 1.91 4.95 1 

C19 CONDUIT 0.09 0 1:03 0.47 1 1 

C20 CONDUIT 0.16 0 1:03 0.8 1 1 

 

 

4.Equations 

 

The hydrologic and hydraulic simulations in this study are based on the 1D Saint-Venant equations solved in 

SWMM, along with the Manning’s equation for conduit flow and rational method for peak discharge estimation. 

 

(1) Continuity Equation (Saint Venant Equation) 

    
∂𝐴

∂𝑡
+

∂𝑄

∂𝑥
= 𝑞                                                                 (1) 

Where: 

 

A = flow area (m²) 

 

Q = discharge (m³/s) 

 

x = distance along the channel (m) 

 

t = time (s) 

 

q = lateral inflow per unit length (m²/s) 

 

(2) Momentum Equation (Saint Venant Equation)  

 
∂𝑄

∂𝑡
+

∂

∂𝑥
(

𝑄2

𝐴
) + 𝑔𝐴

∂ℎ

∂𝑥
+ 𝑔𝐴𝑄𝑓 = 0                                        (2) 

Where: 

 

h = water surface elevation (m) 

 

g = acceleration due to gravity (9.81 m/s²) 

 

Qf = friction slope 

 

(3) Manning’s Equation (for conduit flow) 

 

𝑄 =
1

𝑛
𝐴𝑅

2

3𝑆
1

2                                                                       (3) 

 Where: 
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Q = discharge (m³/s) 

 

n = Manning’s roughness coefficient 

 

A = cross-sectional area (m²) 

 

R = hydraulic radius (m) 

 

S = channel slope 

 

(4) Rational Method (for peak runoff estimation) 

 

𝑄𝑝 = 𝐶 𝑖 𝐴                                                                 (4) 

Where:  

 

 Qp = peak discharge (m³/s) 

 

C = runoff coefficient 

 

i = rainfall intensity (mm/hr or m/s)  (derived from IDF curve) 

 

A = catchment area (ha or km²) 

 

5 Discussions and Result 
 

5.1 Node, Conduit of sub catchment are assigned and connected to outfall on drainage network 

 

The conduit, node, and junction input parameters were entered once the sub-catchment areas were defined. The 

input parameters for conduits were Manning's roughness coefficient and drainage network dimension, for junctions 

they were height and maximum depth, and for outfalls they were inversion elevation and maximum drain depth. 

Google Earth Pro provided the elevation values. Field measurements were used to determine the drain sections' 

dimensions. Manning's roughness coefficient was taken from the location-appropriate SWMM Manual (1982). 

The corresponding sub-catchments' runoff was dispersed to the respective nodes and finally to the outlet through 

conduits as shown in Figure 4.1. In this study, the drainage system with drains at the single side of the road was 

considered. On the basis of field observation, drainage networks, nodes, conduits and outlets were modeled on 

SWMM that is shown in for a modeled drain. 

 

 
Figure 5.1: Drainage Network Design From the Catchment and Sub Catchment 

 

5.2 Analyzing Longitudinal Profile 

 

Longitudinal water elevation profile at 5 minutes interval at J-3 to J-19 for proposed drainage system 
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Figure 5.2: Longitudinal water elevation profile at 5 minutes interval at J-3 to J-19 for proposed drainage system 

 

Longitudinal water elevation profile at 5 minutes interval at J-4 to J-19 for proposed drainage system 

 

 

 
Figure 5.3: Longitudinal water elevation profile at 5 minutes interval at J-4 to J-19 for proposed drainage system 

 

5.3 Proposed Drainage network Design  

 

After evaluating from the SWMM Model run the proposal for drainage design was done. J-3, J-18, J-19, J-20 node 

depth was increased as the node depth was lower than the average node depth. Three additional outfall was placed 

for solving the problem of overloading. The increased flow than capacity in conduits was checked and diameter of 

conduits which flow were greater in number were increased; Parallel conduits were proposed parallel to the 

respective conduits (C-1 and C-4). Impervious percentage of the sub catchment was evaluated and the sub 

catchments with higher impervious percentage were proposed to increase the pervious percentage for simulating 

more green space. 
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Figure 5.3: proposed Drainage network Design 

 

 

6. Conclusion 

 

Urban flooding poses a significant challenge in Chattogram, Bangladesh. This is particularly evident in areas like 

Bayezid, Oxygen, and Faujdar hat, where roads frequently become streams during intense rainfall. This problem 

is exacerbated by unplanned urban expansion, construction, and the proliferation of impervious surfaces like 

concrete and pavement, which severely diminish natural drainage capacity. This study focused on designing a 

drainage network for these areas, treated as a case study within the Halda River Basin. The Storm Water 

Management Model (SWMM), a freely available, physically-based deterministic model from the EPA, was 

employed to simulate hydrological processes. The existing drainage network of the study area was mapped within 

the SWMM environment. Critical input data, including drainage cross-sections and network layout, were gathered 

through field surveys. To ensure a robust design, rainfall intensity for a twenty five-year return period was derived 

from an Intensity-Duration-Frequency (IDF) curve relevant to the Chattogram region and used for simulation. 

Modeling the existing system revealed its inadequacy to handle the runoff generated during peak rainfall events, 

as identified by analyzing SWMM-generated hydraulic profiles. To address this chronic overflow, the drainage 

network was redesigned within the model. The proposed solution includes a newly planned network with integrated 

manholes and the introduction of three strategic outlets at different locations to ensure a more sustainable and 

economically efficient reduction of runoff. 
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