Proceedings of International Conference on Civil Engineering Research & Innovations, 12 - 14 December 2025,
Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh

Paper ID: 1024

Flood Risk Assessment and Mitigation Strategies for Satkania
Upazila, Bangladesh

A. M. Mithun?, S. Acharya?,

!Department of Civil Engineering, CUET, Bangladesh (u2001039@student.ac.bd)
2Department of Civil Engineering, CUET, Bangladesh (acharya_shyamal@cuet.ac.bd)

Abstract

Satkania Upazila, located in the Sangu River basin of Chittagong, Bangladesh, is highly vulnerable to flash floods,
particularly during the monsoon season. The 2023 floods caused significant damage to agriculture, railway
infrastructure, and roadways, severely impacting local communities and disrupting livelihoods. This study assesses
the flood risks in Satkania and proposes effective mitigation strategies to enhance infrastructure resilience and
disaster preparedness. By integrating real-time flood data, hydrological analysis, field observations, and elevation
maps, the study estimates the economic losses due to crop damage, railway embankment and track damage, and
roadway destruction. The findings highlight the importance of reinforced embankments, upgraded drainage
systems, and the installation of early warning stations, particularly in low-lying areas identified through elevation
mapping, to reduce flood risks and improve community resilience. This research aligns with Bangladesh’s Delta
Plan 2100, offering a scalable framework for flood risk management and providing valuable insights for
policymakers and local authorities in building sustainable and flood-resilient infrastructure.
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1 Introduction

Satkania Upazila, located in the Sangu River basin of Chittagong district, exemplifies the acute vulnerability of
Bangladesh’s deltaic communities to monsoon-driven flash floods (Rahman & Khan, 2024). In August 2023, the
Patenga Meteorological Office recorded 664 mm of rainfall within seven days—231.5 mm on August 6 and 216.4
mm on August 7—overwhelming local drainage systems and inundating low-lying areas (Bangladesh
Meteorological Department, 2023). Detailed assessments indicate that Satkania alone incurred approximately Tk
1.65 billion in damages to crops, roadway and railway infrastructure (Satkania Upazila Administration, 2023). On-
site surveys at Temuhani on August 14, 2023, revealed stagnant water lining both sides of the New Cox’s Bazar—
Chittagong railway embankment, highlighting undersized culverts and impediments to natural flow paths (Islam,
Hasan, & Rahman, 2024). Residents of Keochia Union reported that flash floodwaters descended steeply from
Bandarban’s hill slopes toward the west, rapidly propagating through populated areas (Islam et al., 2024).

This study employs an integrated methodology that combines Flood Map real-time inundation data, systematic
field observations, and high-resolution elevation mapping via Geographic Information System (GIS) to quantify
local impacts and guide targeted interventions (Chowdhury & Ahmed, 2025). GIS analyses of existing bridge and
culvert placements, using precise latitude—longitude coordinates, optimize channel connectivity and reduce the
need for additional rail bridges (Hossain, Sarker, & Uddin, 2025).The proposed mitigation framework includes 7
dredging designated flood-basin zones along the Sangu River to increase conveyance capacity; constructing
reinforced embankments lined with high-strength geotextile fabrics—sized according to Manning’s equation to
ensure adequate flow capacity; and installing early warning stations equipped with real-time sensors along the river
and railway corridors, integrated with SMS alerts and community sirens to enhance preparedness in at-risk areas
such as Keochia Union (Bangladesh Water Development Board & Bangladesh Meteorological Department, 2025).
Specifically, we propose five drainage locations to ensure efficient water release into the Sangu River. Coordinated
stakeholder engagement bringing together Satkania Upazila Administration, the Bangladesh Water Development
Board, and the Bangladesh Meteorological Department—uwill ensure unified planning and long-term maintenance.
Aligned with Bangladesh’s Delta Plan 2100, this evidence-based strategy offers a scalable framework for
enhancing infrastructure resilience and safeguarding community welfare against future extreme flood events
(Government of Bangladesh, 2018).
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2. Methodology

2.1 Study Area

Satkania Upazila, within the Sangu River basin of Chittagong district, covers approximately 283.6 km2 of hilly
and low-lying terrain. The region’s tropical monsoon climate delivers heavy rainfall that drives flash floods during
June—October, with August 2023 recording 664 mm in seven days (Bangladesh Meteorological Department, 2023).
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Figure 1. Study area of Satkania Upazila

2.2 Data Collection and Sources

2.2.1 Meteorological Records

Daily rainfall intensities from Patenga Meteorological Office (Bangladesh Meteorological Department, 2023)
2.2.2 Economic Loss Reports

Damage estimates from Satkania Upazila Administration for Satkania (Satkania Upazila Administration, 2023)
2.2.3 Field Surveys

Observations at Temuhani and Keochia Union documented waterlogging and flow patterns (Prothom Alo English
Desk,11 Aug ,2023)

2.2.4 Topographic and Elevation Data

SRTM-derived digital elevation model and contour maps to identify flood-prone lowlands and slope gradients
(United States Geological Survey, 2023; Bangladesh Meteorological Department, 2023)

2.3 Flood Map Real-Time Data

Flood Map software analyzes satellite data, including from the Copernicus Emergency Management Service,
combined with GIS elevation and meteorological data from the Bangladesh Meteorological Department to produce
detailed flood hazard maps for a 100-year return period. These maps enable accurate identification of flood-prone
areas in Satkania Upazila and support targeted mitigation planning such as dredging, embankment reinforcement,
and early warning system installation (Copernicus Emergency Management Service, 2023; Flood Map Software,
2023).

2.4 Infrastructure Data

Railway bridge and culvert locations in Satkania were mapped using Google Maps satellite imagery, LGED data,
and GIS analysis to extract precise latitude and longitude coordinates for roads and railway infrastructure (LGED
GIS Unit, 2023).

2.5 Economic Impact Assessment
Economic loss calculations were structured across three primary sectors:
2.5.1 Agricultural Damage

Crop damage assessment Economic losses were estimated using the formula
Damage=AxYxDxP

where A is the affected area, Y is the average yield, D is the damage ratio, and P is the price. (Department of
Agricultural Extension, Bangladesh Bureau of Statistics, 2023)
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2.5.2 Railway Infrastructure

Railway track damage costs were calculated using ;Total Cost=LxCtrack+Cstructures ;where L is the damaged
length, Ctrack is the track repaired cost per km and Cstructures cover the structure repair cost like bridge, culvert
etc.(Asian Development Bank, 2023; Bangladesh Railway, 2023).

2.5.3 Road Infrastructure

Roadway damage costs were determined by

Total Cost=Lx(Cstructures) with L is the length of the damaged road , (Cstructure) cost per km including road
and structure repair ( bridge ,culvert etc) . (Local Government Engineering Department, 2023).

3. Results and Discussion
3.1 Flood Hazard and Vulnerability Assessment

Elevation mapping of Satkania Upazila demonstrates pronounced topographic heterogeneity that exhibits strong
correlations with flood susceptibility patterns across the study area. The digital elevation model reveals significant
spatial variations ranging from below sea level (-6 meters) to over 100 meters, with the lowest-elevation zones
(depicted in green coloration, 0.001-10 meters) (Figure 2) corresponding directly to areas experiencing moderate
to deep flooding (1-10 meters depth) under 100-year return period scenarios (Figure 3). Low-lying areas along the
Sangu River corridor and within Keochia Union present the highest inundation vulnerability due to minimal
topographic relief, gentle slope gradients (<2%), and dense drainage network convergence that impedes natural
water conveyance. Field validation during the August 2023 flood event corroborated these analytical findings, with
documented stagnant water accumulation flanking the railway embankment at Temuhani highlighting chronic
drainage deficiencies in green-zone areas (Figure 2). Community reports confirmed flash flood initiation from
eastern Bandarban hill catchments, where steep terrain transitions (orange-red zones, >20m elevation) (Figure 2)
generate rapid runoff that subsequently inundates western lowland sectors, overwhelming existing flood protection
infrastructure.
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Figure 3. 100 year return period Flood map of Satkania
Upazila

Figure 2. Elevation Map of
Satkania Upazila

3.2 Economic Impact Analysis

Roadway repairs following the August 2023 floods in Satkania Upazila totaled Tk 910.5 million for 87.575 km
(Figure 4) of damaged rural roads, including pavement and minor structure restoration . Agricultural losses in the
upazila reached approximately Tk 565 million, reflecting damage to 3,308 ha (Figure 5) of cropland (11.78% of
the area) at an average yield of 4.8 t/ha and a 75% damage ratio. Railway infrastructure damage along the Cox’s
Bazar—Chittagong corridor, spanning 0.45-1.5 km of track (Figure 6), was estimated at up to Tk 180 million,
covering both track repairs and discrete structure rehabilitation. Together, these sectoral losses sum to
approximately Tk 1,655.5 million, as illustrated in the total costing bar chart (Figure 7), underscoring the
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Figure 4. Road Damage Fig5. Crop Damage
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multifaceted economic impact of the flood event. These figures align with district relief office records and
underscore the significant multifaceted economic impact of the flood event.

3.3 Mitigation Strategy Effectiveness

The integrated mitigation package will markedly improve flood resilience by combining structural and hydraulic
measures. Geotextile-reinforced embankments will secure slope stability and prevent riverbank erosion, while
targeted dredging at seven critical zones will restore channel capacity and reduce backwater effects. Enhanced
drainage outfalls with detention basins and swales will attenuate peak flows and improve stormwater conveyance.
Coupled with a ten-station early warning network, these strategies ensure timely community response and robust
protection of infrastructure during extreme flood events.

3.3.1 Geotextile -Reinforced Embankments

Geotextile-reinforced embankments should be prioritized in low-lying sections of the New Cox’s Bazar—
Chittagong railway corridor—particularly around Keochia Union and Temuhani—where elevation mapping and
August 2023 field observations identified severe scour and waterlogging. These sites combine gentle slopes, high
drainage density, and flood flow convergence, making geotextile reinforcement critical for slope stability and
erosion resistance .

3.3.2 Early Warning Systems

This could be employed as a flood early warning framework that implements ten real-time monitoring stations at
Baitarani, Bazalia, Keochia, Kaliais, Katgar, Temohini, Rampura, Sonkania, Nalua, and Charoti (Figure 8) to
capture upstream water levels and rainfall data . Each station employs automated sensors linked via mobile
networks to a central forecasting hub, enabling issuance of SMS and siren alerts up to 72 hours in advance. This
design follows proven Bangladesh models where forecast-based community actions reduced flood losses by over
40%.
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3.3.3 Dredging zone of Sangu River

Dredging at seven critical Sangu River basin zones—Baitarani, Chiring Ghata, Daikul, Bazalia, Kaliais, Katgar,
and Durduri (Figure 9)—will restore channel capacity, reduce backwater effects, and improve conveyance during
peak flows. Site selection was guided by satellite imagery analysis and field surveys rather than hazard mapping,
ensuring targeted excavation where sedimentation and flow constriction were observed.

3.3.4 Drainage System Improvements

Integrated drainage enhancements at five key outfalls—Baitarani -Sangu River (1.44 km), Mahalia - Sangu River
(2.00 km), Temuhani -Sangu River (2.54 km), Kanchana-Sangu River (1.44 km), and Demsha—Dalu Khal (1.47
km) (Figure 10)—will improve conveyance capacity into the Sangu River and Dalu Khal tributary. Incorporating
detention basins, bio-retention swales, and channel widening along these alignments can attenuate peak flows and
reduce urban and rural runoff impacts. These measures support Delta Plan 2100’s call for resilient drainage
infrastructure and adaptive water management.

3.3.5 Bridge and Culvert Necessity Assessment

In Figure 11, yellow markers denote railway bridges and culverts, while red markers indicate roadway crossings.
The Temuhani corridor and broader Satkania region exhibit a higher density of yellow railway crossings compared
to red road structures (Figurell). Despite severe scour and damage to the Cox’s Bazar—Chittagong rail line during
the August 2023 floods, the existing railway crossings maintained superior load capacity and clearance. Therefore,
constructing additional rail-specific bridges or culverts in this corridor is unnecessary.
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Figurell. Bridge and Culvert
location of Road and Rail way in
Satkania Upazila

3.4 Policy Integration and Implementation Framework

The analysis indicates that the mitigation strategies align with the Bangladesh Delta Plan 2100 by strengthening
flood protection via geotextile-reinforced embankments and optimizing river management through targeted
dredging zones. Forecast-based early warning stations will integrate real-time Sangu River monitoring with
community alerts, supporting the Plan’s adaptive review processes. Implementation demands collaboration among
BWDB for embankment works, BMD for forecasting, local authorities for outreach, and the Ministry of Disaster
Management and Relief for emergency protocols. Funding should combine national budgets while private
partnerships in geotextile supply and telemetry can enhance resources. Analyzed drainage pathways will efficiently
convey runoff and reduce inundation risks.

4. Conclusions

This study has demonstrated that Satkania Upazila’s flash flood vulnerability stems from its low-lying topography,
dense drainage networks, and episodic monsoonal deluges concentrated in the Sangu River corridor. Elevation
analysis pinpointed low-elevation areas around Keochia Union and Temuhani, where channel constriction and
undersized culverts intensify inundation. These sections, shown in green on the elevation map, correspond directly
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to zones of moderate to deep flood depths in the 100-year return period hazard map. Economic impact assessment
quantified substantial losses: Tk 565 million in agricultural damage, Tk 910. 5 million in roadway repairs, and up
to Tk 180 million in railway track and structure rehabilitation. The integrated mitigation framework—combining
geotextile-reinforced embankments, targeted dredging in seven designated zones of the Sangu River, strategic
drainage outfall upgrades, and a ten-station early warning network—directly addresses these priorities. Geotextile-
lined embankments will bolster slope stability and erosion resistance, while dredging and drainage improvements
will restore conveyance capacity and reduce backwater effects. The early warning system provides vital lead time
for community preparations and evacuation, replicating proven forecast-based response successes in Bangladesh.
Bridge and culvert density analysis confirmed that existing railway crossings possess sufficient capacity,
eliminating the need for new rail-specific structures. Policy integration and implementation will engage the
Bangladesh Water Development Board, Bangladesh Meteorological Department, local authorities, and the
Ministry of Disaster Management and Relief to secure funding, coordinate maintenance, and institutionalize
adaptive governance under the Bangladesh Delta Plan 2100. Alignment with Bangladesh Delta Plan 2100 ensures
a robust policy and financing framework, while future research should focus on detailed cost-benefit analyses,
climate resilience adaptations, and monitoring protocols to evaluate long-term effectiveness.
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