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Abstract 

Improper maintenance, inadequate drainage system design, and increasing non-porous surfaces due 

to urbanization result in waterlogging in urban areas. Shahjalal Upashahar is a prominent urban area 

in Sylhet city which faces waterlogging conditions due to sediment deposition, leading to the loss of 

original drainage channel capacity.  This study focused on reducing the sediment accumulation in the 

drainage channel by implementing a sand trap and bar screen mechanism. To design the sand trap for 

a 100-year return period, the study area was divided into five sub-watersheds using the ArcGIS tool. 

Rainfall data (2000-2023) were collected from the nearby meteorological station. Based on the 

determined slope and length of all sub-catchments, the concentration times range from 10.995 to 

13.8707 minutes. Using the concentration time, the rainfall intensity was calculated from the Intensity 

Duration Frequency curve (IDF). The highest runoff was calculated for all sub-watersheds using the 

rational equation. The peak discharge for catchments 1 through 5 were 1.263, 1.784, 0.254, 1.183 and 

1.326 m3/sec, respectively. The required cross-section of the rectangular sand trap was determined 

using the equation of continuity Q = AV. The bar screen was designed based on the size of solid waste 

and the prevailing velocity of flow. In this study, the designed cross-sectional areas of sand traps 

ranging from 0.38 to 2.26 m2 for five sub-watersheds were expected to reduce sediment accumulation 

by maintaining full drainage channel capacity.  

Keywords: IDF curve, Rational equation, Sedimentation, Time of concentration, Waterlogging. 

 

1. Introduction 

As global changes such as urbanization and 

climate change intensify, future cities will face 

challenges in managing water supply, 

drainage, and wastewater (Vairavamoorthy et 

al., 2008). To manage stormwater and 

wastewater of urban areas and convey them 

away from those areas, urban drainage system 

plays significant role (Chocat et al., 2007; 

Thodesen et al., 2022).  

Flood risk rises in cities due to local 

changes in hydrological and hydro-

meteorological conditions as well as Urban 

development i.e., increased urban runoff 

driven by imperviousness (Huong & Pathirana, 

2013; Lu et al., 2025). High amount of runoff 

causes sediment accumulation result in 

reduction of actual capacity of drainage 

(Addison-Atkinson et al., 2024; Dibaba, 

2018). 

In Bangladesh, rapid population growth has 

accelerated urbanization nationwide. Sylhet 

City Corporation (SCC), a metropolitan area in 

northeastern Bangladesh, often experiences 

urban flooding and waterlogging from storm 

runoff during heavy rains. The city struggles 

with severe drainage congestion, stemming 

from an inadequate drainage system, poor 

maintenance, garbage disposal in drains and 

canals, and illegal encroachment on drainage 

canals (Islam and Rahman, 2022). The city 

also experiences sediment accumulation and 

solid waste disposal in its drainage system 

(Azir, 2025).  

In Sylhet, the monsoon season typically 

runs from May to September, characterized by 

hot, humid conditions and frequent heavy 
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rains, while the brief dry season lasts from late 

October to February, with hot and relatively 

clear weather (Ahmed and Kim, 2003). Nearly 

80% of the annual average rainfall of 3334 mm 

occurs in this region between May and 

September (Choudhury et al., 2012).  

This area is situated within a region of hills 

and basins, one of the most distinct areas in 

Bangladesh. Northeastern Bangladesh is also 

highly vulnerable to environmental hazards 

like waterlogging (Sarker and Rashid, 2013). 

Sylhet City Corporation is grappling with 

severe waterlogging issues. The annual 

monsoon season brings persistent 

waterlogging that inundates homes, farmlands, 

ponds, streets, orchards, and grasslands, 

among other areas (Hossain et al., 2022; Roy 

et al., 2022). Intense rainfall and upstream 

water flow have led to widespread flooding in 

Sylhet, affecting around 1.6 million people, 

with nearly 30,000 seeking refuge in shelters. 

The Surma and Kushiyara rivers overflowed, 

submerging large parts of the city and its 

surrounding district.  

According to The Daily Star (2024), 

Continuous rainfall has caused flooding to 

recur, submerging areas, and over 16,000 

people have been relocated to shelters as the 

rivers continue to rise. Disposal of solid waste 

in drainage paths reduces the drainage system's 

capacity, leading to unwanted waterlogging 

during heavy rains.  

Waterlogging due to drainage congestion 

contaminates groundwater, posing a public 

health risk if cities use this groundwater or 

polluted surface water for domestic purposes 

(Phanuwan et al., 2006; Ten Veldhuis and 

Clemens, 2010). There are so many approach 

to calculate the runoff discharge, such as: SCS 

or NRCS curve number (CN) method 

(Cronshey, 1986), Unit Hydrograph method, 

Green- Ampt method, Hydrologic Routing 

method, Variable Infiltration Capacity (VIC) 

etc. (dos Santos et al., 2023; Gowdish & 

Mu¶oz-Carpena, 2009; Jain et al., 2025; 

Miller, 1984).  

The rational approach, a commonly used 

method because of its simplicity and minimal 

data requirement as well as to determine runoff 

discharge of small watersheds (Hua et al., 

2003). The Intensity-Duration-Frequency 

(IDF) curve is used in this method. It offers 

valuable insights into rainfall patterns, while 

the Rational Method is more effective in 

estimating surface discharge (Noor et al., 

2021; Zhang et al., 2019). This method mostly 

used to calculate the maximum runoff volume 

of urban area (Wang and Wang, 2018).  

The method works under some assumption 

such as; the rainfall intensity should uniformly 

distributed over time and space (Pilgrim and 

Cordery, 1993). Proper understanding and 

application of these methods aid in 

determining the size of sand traps and 

developing drainage systems that can prevent 

urban waterlogging (Campos et al., 2020).  

This study aims to design sand traps to 

reduce sedimentation in drainage channels, 

enhance drainage capacity, and alleviate 

drainage congestion. Beyond Shahjalal 

Upashahar, the findings of this study would 

assist in effectively managing drainage 

systems facing severe sedimentation issues. 

This study would contribute to mitigating the 

impact of waterlogging in urban areas. 

2. Materials and Methods 

2.1. Study area 

Shahjalal Upashahar is the most prominent 

urban area in Sylhet City. It is in the upstream 

of the Surma river basin in the northeastern 

part of Bangladesh, between 24Á53ô28ò and 

24Á52ô54'' latitude, and 91Á52ô53ò and 

91Á53ô44ò longitude. The Fig. 1. represented 

the study area. 

Shahjalal Upashahar was assumed to be a 

catchment. Then it was split into five sub-

catchments according to land use pattern, i.e., 

vegetative area, residential area, and street. 

The arial data was collected from National 

Housing Authority (NHA), Sylhet.  

The catchment was divided in such a way 

that each catchment had a single outlet to the 

main drainage channel. The length and slope of 

each catchment were calculated by using 

ArcGIS. The drainage pattern of Shahjalal 

Upashahar was collected from the Sylhet City 

Corporation (SCC) to identify the high-risk 

congestion area in the drainage system. The 

local inquiry was also conducted to identify the 

high-risk congestion area. 

 

2.2. Rainfall data collection 

Daily rainfall data was collected for 24 

years (2000- 2023) from the Bangladesh 

Meteorological Department (BMD). Then, the 
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maximum rainfall per month was selected 

from the collected rainfall data. Furthermore, 

the yearly maximum 24-hour rainfall data was 

sorted for those years. 

 

2.3. Estimation of t hour rainfall depth 

from rainfall depth per day 

Rainfall depth of t hour was estimated from 

the rainfall depth of 24 hours. Depth was 

calculated for t minutes by using the following 

equation: 
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Eq. 1 showed the calculation of t hour 

rainfall depth from one day rainfall depth. In 

this equation, D represented the rainfall depth 

of t-hour, and D  was the rainfall depth over a 

24-hour (Subramanya, 1994).  

 

 
Fig. 1. Geographical map and location of Shahjalal Upashahar, Sylhet as the case study 

 

2.4. Fitting the Gumbel distribution for 

t-hour rainfall depth 

The rated t-hour rainfall depth was fitted 

using the Gumbelôs function for the 

distribution method. Concerning Gumbelôs 

function for distribution (1941):  
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Eq. 2.a showed the calculation of reduced 

variate for a return period T. In this equation Yt 

denoted the reduced variate, and T was the 

return period. 

Eq. 2.b. showed the calculation of 

frequency factors. In this equation, K denoted 

frequency factor, yn represented reduced mean 

and S was the reduced standard deviation. Eq. 

2.c. showed the calculation of rainfall depth for 

a return period. In this equation X represented 

the desired rainfall depth of t-hour for T-year 

return period, X was the mean of the t-hour 

rainfall depth and Ö  denoted standard 

deviation of t-hour rainfall depth 

(Subramanya, 1994). 

 

2.5. Calculation for t-year return period 

of t-minute rainfall depth 

Depths of rainfall for varying lengths of 

time were calculated from depth & duration 


