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Abstract

Storm water management of any rapidly expanding city like Chattogram, Bangladesh is essential due to its geographic location.
In this study, stormwater runoff in this City is simulated and analyzed using the Storm Water Management Model (SWMM)
combined with Geographic Information Systems (GIS). The study aims to evaluate how effectively reduce runoff volume and
enhance infiltration bio-retention cells, viz. Low Impact Development (LID) control. Rainfall data, Digital Elevation Model
(DEM), and Land Use Land Cover (LULC) data were used to delineate catchments and simulate runoff for a five-year period.
The results demonstrate a significant reduction in runoff volume after applying LID controls, along with a noticeable rise in
infiltration rates in selected sub-catchments. Those sub-catchments were in 10-20 mm infiltration zone and after the application
of LID controls, they were found in the zone which is greater than 40 mm. The aim of this study is to demonstrate the potential
of SWMM and GIS as tools for sustainable urban stormwater management and provide actionable recommendations for
mitigating waterlogging in Chattogram City.
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1 Introduction

Floods in urban roadways and prolonged flooding in areas with low elevations have emerged as a widespread issue across
numerous Bangladeshi cities, especially in Chattogram, the port city and commercial hub. In recent years the water logging
problem is increasing due to low amount of Nuisance Flood (NF) comparing the previous events. Only 60% of the drains that
had been implemented from the 1995 master plan were still present in the drainage network model from 2006[1] .With a rise
in urbanization of roughly 3% and subsequent changes in land use, flooding experiences have grown recently in several regions
of the city [2, 3]. Due to this scenario a numerical model and analysis of secondary data both indicate that the most water logged
areas in Chattogram city are Halishahar, Agrabad, Kattali, Patenga, Muradpur, Bahaddarhat, Badurtola, Kapasgola,
Sholoshahar, Gate No. 2, Prabartak intersection, Sulakbahar, Chandgaon and East Madarbari [4, 5] . In several cases where
extensive data was not available, the conclusions of the evaluated studies were still applied. To prepare the geographical
information for simulation, geographic information system (ArcGIS) software processes it all before exporting it to SWMM.
The imperviousness problem and the improper networking system's flaw are gradually making the situation in Chattogram City
worse. Implementing Low Impact Development (LID) -based work can thus help to reduce the loss of national property and
provide a source for artificially replenishing groundwater by conducting a thorough analysis of the city's structural elements
[6]. Bio-retention cells generally consist of a porous media, supporting a vegetative layer, with a surface layer of hardwood
mulch [7, 8]Using physical-chemical processes, toxicity in storm water runoff may be reduced [8]:Thus, this study aimed to
the evaluate the drainage systems using the EPA SWMM 5.2.1 model linked with ArcGIS 10.8 software. To achieve this aim,
this study comprises three phases of tasks: i.e. (i) evaluate the NF scenario of Chattogram city, (ii) design a suitable bio-retention
cell considering the pollutant removal efficiency, and (iii) simulate the SWMM model and calculate the runoff reduction in
selected area.

2 Materials and Methodology

The waterlogging issue in Chattogram City has emerged as a significant concern, affecting a considerable portion
of the city. Waterlogging has been observed in 58 locations, impacting 22 out of the city's 41 wards. This amounts
to an affected area of 13.08 sq km, accounting for approximately 8.42% of the city's total This study comprises of
three major portions [9]. Firstly, secondary data collection and model setup based on the relevant existing dataset,
e.g. historical records, maps, and reports, to gain insights into the NF issue and the drainage system of the area.
Additionally, the researchers establish a model incorporating this collected data to simulate and analyse the flow
patterns and potential areas of concern within the study area (Fig.1). Secondly, the model simulation was assesses
to predict runoff reduction (Fig.2.). If the model successfully demonstrates a runoff reduction in water flow,
indicating its efficacy, the research work proceeds to the next stage, which involves testing the quality of the
effluent. This evaluation is crucial to determine whether the model effectively removes pollutants, such as
sediment, nutrients, and metals, from the runoff. However, if the model fails to reduce the water flow as expected,
further investigation is conducted. The researchers reevaluate the model and associated data to identify any
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potential errors, inaccuracies, or missing information. This iterative process ensures the model's reliability and
allows for adjustments or improvements to be made, if necessary, before proceeding to the next stage. The third
phase of the research project involves the preparation of a laboratory prototype. This prototype serves as a
controlled experimental setup to measure the infiltration rate and assess the quality of water passing through the
model. By conducting laboratory tests, the researchers can gather empirical data on the performance of the model
under controlled conditions, allowing for a more detailed understanding of its capabilities and limitations. The
final simulation of the model performed when the infiltration rate and quality have been established by laboratory
testing. To provide a thorough evaluation of the model's effectiveness in reducing waterlogging and enhancing the
water quality within the catchment region, this simulation incorporates the data and conclusions from the earlier
phases. According to the outcomes of the final simulation, the researchers will advise using bio-retention cells for
the purpose for which they were designed.
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Figure 1: (a) Bangladesh map with all the districts; (b) Chattogram City Corporation ward with study area
including distribution of 38 wards in Chattogram city

The study area in Chattogram is marked by the presence of the Karnaphuli River, which runs along the southeast
side. Apart from the river branches, Chattogram also has two other outfalls located in the Bay of Bengal,
specifically in the regions of Halishahar and Kattali. These outfalls act as discharge points for the excess water
and facilitate the drainage of water from the study area into the sea. The elevation of the region exhibits
considerable variation, ranging from approximately 66 meters to about 5 meters above sea level. This diverse
topography influences the flow patterns of water, creating gradients and slopes that affect the movement and
accumulation of water within the area. The Sentinel-2 satellite mission was developed by ESA as part of the
Copernicus program. The Sentinel-2 mission consists of two identical satellites, namely Sentinel-2A and Sentinel-
2B, which were launched in 2015 and 2017, respectively. June to September during the monsoon season
Chattogram experienced the most substantial rainfall. After that the rainfall gradually decreased and from
December to February rainfall was significantly reduced.
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Figure 2: Adopted methodology

2.1 Bio-Retention Cell Component

Two prototypes were made for the laboratory (Fig 3a and Fig 3b). In accordance with ASTM standards, the gravel
used in bio-retention cells is classified for usage in a variety of applications. To create a storage layer and ensure
the stability of the entire construction, 2 cm of gravel with a size range of 10 mm to 20 mm at the base and 3 mm
to 6 mm directly above that 2 cm are employed. An additional gravel bed with dimensions of 20 mm to 30 mm is
present at the top 2 cm, serving as both a primary reservoir for surface runoff and a means of spreading the
substantial quantity of runoff. The topmost part of the engineered soil layer will erode less due to the top gravel
bed as well. For laboratory prototype the compost used 5% of the constituents of engineered soil. the use of
compost in bio-retention cells enhances their effectiveness in managing stormwater runoff. Sand, which makes
about 80% of the designed soil mix, is its main ingredient. S For the sample preparation the Fineness Modulus
(FM) is found 2.13. The granular media's dimension measures d10 and d60 are those of which 10 and 60% of the
media are finer are 0.5 mm and 0.08 mm respectively. So, the Uniformity Constant (UC) is 6.25. An engineered
soil layer that is 30 cm thick. This soil mix's particular proportions are based on a mixing ratio of 16:2:1:1. Its
components include sand, water treatment residual (WTR), compost, and silt.
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Figure 3a: Prototype 1 Figure 3b: Prototype 2

Among the effluent parameters pH was measured with the pH meter. Total Suspended Solid (TSS) was determined
according to the United States Environment Protection Agency standard EPA 160.2. The rest chemical content
phosphate (HACH 1997) and sulphate (HACH 2019) as well as heavy metal content iron (HACH 2014) and
manganese (HACH 2017) was determined by UV-Vis.
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2.2 SWMM Model setup

SRTM DEM data was analysed using ArcGIS with an input stream network for the whole Chattogram city. Total
79 SRTM catchments were achieved from which 31 sub-catchments were extracted as they matched the study area.
The Curve number method is utilized to perform the infiltration calculation for each sub-catchment. The
calculation has been executed by taking zone-wise areas and multiplying them with individual CN;.

ZAICNi
CNcomposite = AL (1)

Where | = an indicator of sub-catchments with uniform land use and soil type; CNcomposite = the composite
CN used to calculate runoff volume; Ai = the sub-catchment land use area, and CNi = the sub-catchment land use
CN.
The SWMM model encompasses intangible parameters, among which is the flow width. focus was directed toward
the process of aligning the results with prior studies and the actual data gathered from field observations. The
SWMM model was developed using ArcGIS data (Fig.4.). For the SRTM catchments and links the calibrated
parameters N-imperv (0.015) , N-perv(0.20), Dstore-imperv (2.54), Dstore-perv (6.35), Slope (1.98-7.75%), CN
(66-92), Manning’s roughness (n =0.035). LID Controls in the SWMM, the parameters found from the laboratory
test were used as input data for Bio-Retention Cell, e.g. Soil thickness, Soil conductivity and Storage thickness are
300 mm, 46.8 mm/hr and 40 mm respectively.
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Figure 4. SWMM model setup (sub catchment delineated from SRTM DEM)
3 Results and discussions
3.1 Infiltration rate from laboratory setup

In the laboratory setup, two prototypes were prepared to study the infiltration rate of water. To determine the time,
it took for the 60 mm of trapped water to pass through the prototypes, measurements were taken. Near the surface
and 500 mm down, the saturated hydraulic conductivity should range from 36 mm/hr (NRCS, 2007). Through the
numbers of constant infiltration rate tests, the average infiltration required time and infiltration rate for the
Prototype-1 are 0.71 hours and 83.82 mm/hr respectively. The average infiltration required time and infiltration
rate for the Prototype-2 are 1.07 hours and 56.134 mm/hr respectively.

3.2 SWMM model findings

Precipitation data for 5 years (2017 - 2022) at 3-hour intervals were introduced into the SWMM Model and then
simulated. Following simulation without LID data, the infiltration rate, amount, and total runoff were calculated.
The second simulation was performed with LID controls in five chosen sub-catchments. The infiltration rate was
raised at those locations, and a sizable amount of runoff was found to be reduced (Fig 5). The projected infiltration
rate discovered from a laboratory prototype overall was found to cause a decrease in runoff.
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Figure 5. Total infiltration after applying LID Controls

Precipitation data for 5 years (2017 - 2022) at 3-hour intervals were introduced into the SWMM Model and then
simulated. Following simulation without LID data, the infiltration rate, amount, and total runoff were calculated.
The second simulation was performed with LID controls in five chosen sub-catchments (Fig 5). Between the
selected sub-catchments two sub-catchments were in the zone where infiltration rate was comparatively low which
is between 10 to 20mm. The other three sub-catchments were in the zone where the rate of infiltration was less
than 10mm that is even lower than the other two sub-catchments (Fig 5). After the input of Bio-retention cell the
second simulation also showed the infiltration rate variation in the sub-catchment map. This time infiltration rate
of the selected sub-catchments was increased, and they were in a high infiltration rate zone which is more than 40
mm (Table 1). These two results indicated the effect of Bio-retention cell on the runoff reduction and increasing
the infiltration rate of the sub-catchments.

Table 1: Model output without and with LID controls

Output Volume (hectare-m) Depth (mm)
w/o LID controls | with LID controls | w/o LID controls | with LID controls
Total Precipitation 360173.90 360173.90 45908.40 45908.40
Initial LID Storage 0.079 0.01
Infiltration Loss 179.46 280.61 22.88 35.77
Surface Runoff 359996.99 359895.79 45885.85 45872.95
Final Storage 25.04 25.04 3.19 3.19
Table 2: Effluent quality filtrated from prototype column
Proverties Para- Testing Present Conc. Laboratory Test g;laulfg/t
P meters Method (mg/) Test-1 | Test-2 | Test-3 (ma/h
EPA Method
Physical TSS 160.2 300 40 60 50 50
pH pH Meter 7.11 7.85 7.78 7.8 7.81
Chemical PO,* UV-VIS 7.27 1.46 1.49 1.47 1.475
SO.* UV-VIS 756.7 107 108 108 107.5
Heavy Fe UV-VIS 0.58 Nil 0.16 0.13 0.145
Metal Mn UV-VIS 4.39 0.50 0.56 0.5 0.533

The laboratory tests confirms that the specific mix of filter media used in the bio-retention cell effectively removes
pollutants from storm water runoff (Table 2). The results support the use of bio-retention cells with similar filter
media compositions as a viable solution for storm water management and pollution control. The combination of
the filter media, including sand, WTR, compost, and silt, played a crucial role in the successful removal of these
pollutants and aesthetically satisfactory. Sand provides physical filtration, trapping larger particles and facilitating
water flow. WTRs have the ability to adsorb phosphorus and heavy metals, contributing to their significant
reduction. Compost enhances nutrient cycling and can aid in the breakdown of organic matter. Silt, with its fine
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particles, can further aid in the filtration process to remove pollutants and fostering infiltration, they combine soil,
plant, and engineered medium. Bio-retention cells' ability to effectively treat runoff is influenced by several
variables, including their design, upkeep, and local environment. The lab test of the treated water shows a
significant decrease of heavy metals and different chemical pollutants. The laboratory analysis of the treated water
from the bio-retention cell using the specified mix of filter media (Sand 80%, WTR 10%, Compost 5%, and Silt
5%) demonstrated impressive reductions in various pollutants, indicating the effectiveness of the filtration system.
Heavy metals, e.g. manganese and iron, were significantly reduced by 87% and 75%, respectively. These heavy
metals are known to have adverse effects on water quality and can pose risks to ecosystems and human health. The
substantial reduction in their concentrations highlights the efficiency of the bio-retention cell in removing these
pollutants. Additionally, other pollutants were effectively mitigated as well.

4 Conclusions

In conclusion, this study reasonably achieved its objectives of evaluating the nuisance floods of Chattogram city,
designing a suitable bio-retention cell to evaluate pollutant removal efficiency, and simulating the SWMM to
calculate runoff reduction in the selected area. Through data collection, analysis, and field observations, the study
contributes to flooding, i.e., inadequate drainage infrastructure, land use patterns, and rainfall patterns. The design
of a suitable bio-retention cell aimed to enhance pollutant removal efficiency. Laboratory test shows, TSS which
encompass various particles and solids present in water, showed an impressive reduction of 83%. The TP, a nutrient
that can contribute to eutrophication and negatively impact aquatic ecosystems, was reduced by 79%. The TS,
which represent the overall concentration of solids in water, including both suspended and dissolved solids, were
reduced by 85%. That ensures that the water percolated into the ground would be lessen pollutants that it was
carrying as storm runoff over the surface. By considering factors like size, surface area, soil characteristics, and
plant selection, the project successfully designed a bio-retention cell that can effectively capture and treat runoff.
The simulation of the SWMM played a vital role in assessing the potential runoff reduction in the selected area.
By inputting relevant data on land use, topography, precipitation, and other parameters into the SWMM, the project
was able to simulate and calculate the expected runoff reduction. The findings provide valuable information for
decision-makers and urban planners to evaluate the effectiveness of different storm water management strategies
and make informed decisions to mitigate runoff issues. For further study with higher resolution of DEM data, the
analysis could be done micro scale. Field runoff sampling could feature the variation of storm runoff quality in
different types of places.
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