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Abstract

A catastrophic breach of flood control structure like Dam can cause severe damage to people’s lives and
properties at the downstream. To determine the effects of dam-breach, this study uses a HEC-RAS 2D modeling
approach to investigate the Kaptai Dam on the Karnaphuli River in Bangladesh. The model was simulated for
two different breach schemes which are duration of breach (1 hour, 3 hours and 5 hours) and failure height of the
dam (complete breach, % breach and Y5 breach). Moreover, this study also includes floodplain mapping to
compare different flood water level in different breach scenarios. The inundated area is almost same due to the
hilly terrain along the both sides of the flood propagation channel in two different schemes. But the flood range
was different because of the changes in breach parameters. The highest flood water level found is 43.77m at the
downstream heel of the dam taking lhour breach as breaching parameter. The faster the dam breaches the more
area inundates, and flood water level rises. However, the complete breach scenario suggests the highest water
level of 30.44m. In short, the study emphasizes the significance of understanding these flood dynamics in order
to enhance disaster preparedness as it may result in severe downstream impacts.
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1 Introduction

Dam-break floods are a catastrophic calamity that cause significantly more damage than normal floods
(Marangoz & Anilan, 2022). A flood dam is a dam that temporarily stores floodwaters or supplies a rush of
water. When the dam fails, it will cause unpredictable damages to people's lives and properties downstream (Mo
et al., 2023). Researchers have utilized simulations to estimate the impact and damage caused by dam-break
floods, aiming to minimize losses (Bharath et al., 2021). used HEC-RAS to create an inundation map and
identify affected locations. They employed a computer-based flood numerical simulation method, which is more
accurate and faster than older methods. Numerical simulations of flood evolution are a popular research area,
with several methodologies used. The MIKE 11 model was used to estimate flood inundation ranges (Jacob et
al., 2020; Nirwansyah & Braun, 2019). The SWAT model and GCM were coupled to calculate flood runoff
coefficients and predict floods Hazards. (Shadmehri Toosi et al., 2020) used the finite volume method to
develop a one- and two-dimensional dam-break numerical model to simulate water movement under optimal
conditions. HEC-RAS, LISFLOOD, and TELEMAC 2D were used to simulate flood inundation of a 60-km
channel in the Severn River, United Kingdom. Results indicate that HEC-RAS and TELEMAC 2D can better
estimate the inundation area (Horritt & Bates, 2002). Currently, popular flood simulation software includes
MIKE, SWAT, HEC-RAS, and the Xinanjiang model (Tansar et al., 2020; Yao et al., 2019; Yu et al., 2018).
HEC-RAS excels over other hydraulic software because to its user-friendly interface, program compatibility, and
ability to calculate multiple hydraulic structures. The HEC-GeoRAS plug-in, which can be combined with
ArcGIS to extract topographic data and provide river geometry data for hydrodynamic simulation (Mokhtar et
al., 2018; Namara et al., 2022; Raslan et al., 2020) is chosen for this study. HEC-RAS allows for the creation of
hydraulic models in one or two dimensions (Dasallas et al., 2019). In conclusion, even though numerous research
have used HEC-RAS models to simulate dam-break floods and have produced findings, there are still certain
issues that need to be resolved. The main ones are as follows: A certain amount of simplification for the dam
breach morphology is required because the earth-rock dam collapse process is incredibly complex and different
types of dam failure have varying consequences on flooding (Fu et al., 2018; Su et al., 2020). Fast flow
velocities, towering peaks and waves, etc., are characteristics of the dam-break flood. The development process
of a dam-break flood is extremely unclear due to the fact that different failure modes will have varying
consequences as it evolves downstream, as well as difficulties with accuracy and inaccuracies (Abdedou et al.,
2020; Ge et al., 2021; Kalinina et al., 2020; Sun et al., 2014).Another important factor influencing flood
simulation is geographic variability (Sholtes et al., 2018).The following framework is constructed in order to

1438


mailto:subratadey.buet@gmail.com
mailto:muktadir19wre@gmail.com
mailto:01shreshtha7@gmail.com
mailto:1916015@wre.buet.ac.bd
mailto:1916017@wre.buet.ac.bd

N.A.A. Muktadir, S. Dey, & M. N. Kamal, D. Hossain, N. Hasan, M. T. Rahman
ICCEI 2025

examine the hydraulic properties of the dam failure flood under various dam-break conditions. The collapse
process of earth and rock dams is simulated under different schemes using the HEC-RAS dam failure model. The
impact of the failure model on the ensuing flow and water level processes is then examined. The evolution of the
dam failure flood with the boundary conditions of the breach flow process line for the three schemes—full
breach, 1/2 breach, and 1/3 breach—is simulated using a two-dimensional HEC-RAS model. Its hydraulic
properties and the extent of inundation during the evolution process are then examined. Analyzing the effects of
the dam break duration and the bursting water level elevation on the water level and discharge at the dam site, as
well as the change in its hydraulic characteristics as the dam-break flood mileage increases, are the primary
contributions of this study. Furthermore, a preliminary map of City's flooding extent is acquired. The research
results can have a guiding effect on the prevention of dam-break floods.

2 Study Area

The study area for this research encompasses the Kaptai Dam and its adjacent downstream region along the
Karnaphuli River in southeastern Bangladesh. Located in the Rangamati Hill District under the Chittagong Hill
Tracts, the Kaptai Dam represents a vital hydrological and infrastructural landmark in the country. Constructed
in the early 1960s primarily for hydroelectric power generation, it remains the only hydroelectric facility in
Bangladesh, with significant implications for national energy production, water resource management, and flood
risk mitigation. Geographically, the Kaptai Dam is positioned at approximately 22.5°N latitude and 92.2°E
longitude. The dam impounds the Karnaphuli River, creating the expansive Kaptai Lake—the largest man-made
reservoir in Bangladesh, covering approximately 777 km? at its maximum storage level. The dam is an earthen
embankment structure, standing 45.7 meters high and extending 670.6 meters in length, with a spillway
controlled by 16 radial gates, capable of discharging 16,000 m3/s.(Nobi, 2021) The dam’s reservoir provides
critical ecosystem services, including irrigation, fisheries, navigation, and tourism, in addition to its primary role
in power generation. The dam covering an area of 56,000 hectors of land and providing 230 megawatts of
electricity, about 2% of our entire national electricity production (Zinia & Palash, 2022) (Akanda, n.d.).

Goagle Earth

Figure 1 Study Area
3 Data Collection and Methods

3.1 Data Collection

To accurately reflect the Kaptai Dam and the downstream Karnaphuli River system, numerous geographical and
hydrological datasets must be integrated. This study used three basic data types: bathymetric data, topographic
elevation data (DEM), and river cross-sections. These datasets provided the foundation for developing the
hydraulic model and simulating dam break and flood routing scenarios. Bathymetric data for the Karnaphuli
River and Kaptai Lake were collected from the Bangladesh Water Development Board. These data gave critical
information on the reservoir and riverbed's subaqueous topography, which is required to describe flow resistance
and volume in the hydraulic model. To supplement this, Digital Elevation Model (DEM) data were obtained
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from the United States Geological Survey. The DEM, which had a resolution of 30 meters, allowed for the
extraction of elevations from the surrounding topography and floodplain, which was useful for terrain modeling
and flood mapping.

3.2 Methodology

3.2.1 Breach Scenario Development

For the Karnaphuli Hydropower Dam, breach scenarios were created using an overtopping failure mechanism
which included an inverted trapezoidal breach, a shape typical to earth-fill dam breaches. Three breach extents
were considered: full breach (S1), half breach (S2), and one-third breach (S3). The base case was set to a breach
formation time of 1 hours and breach bottom elevation was set to the dam height, crest geometry, and side slope
geometry suggesting a breach bottom elevation and width of a certain value to the dam height and side slopes. To
explore other scenarios, adjustable breach parameters were applied in sensitivity tests, and all scenarios were run
with the same initial conditions of extreme flooding where the reservoir overtopped the dam crest.

3.2.2 Hydraulic Simulation

Hydraulic modelling was carried out using HEC-RAS 2D (5.0.7) which uses an irregular computational mesh
based on DEM data (SRTM 30 m) enhanced with field measurements. The upstream boundaries included the
simulated dam-break hydrograph at the dam site and reservoir routing. For the lower Karnaphuli River, the
downstream boundaries were set to normal depth, using the average river slope derived from DEM. Broad-
crested weir equation was used to calculate breach outflow. The model solved the 2D unsteady Saint-Venant
equations for continuity and momentum with a four-point implicit finite difference scheme. For each scenario,
maximum inundation depth was collected as simulation output.

A sensitivity analysis was conducted to understand the impact of breach creation time and breach size on flood
characteristics. In the analysis, peak discharge, flood arrival time, and inundation extent were evaluated for
breaches set at 1-hour, 3-hour, and 5-hour intervals for each breach size scenario. Based on the findings, it is
evident that shorter breach times lead to sharper peak flow and hazard intensity increases, while longer breach
times reduce peak discharges and inundation area, thereby illuminating the possible flood outcome range for
different breach scenarios.

3.2.3 Model Verification

Each breach scenario underwent a 72-hour water balance assessment to evaluate model performance and
stability. Relative error was calculated by comparing the total inflow volume with the downstream outflow and
storage change. In all scenarios the volumetric water errors were within 5%, which demonstrates that the
hydraulic modelling stability criteria were satisfied. This step verified the accuracy of HEC-RAS 2D simulations
and the appropriateness of the model configuration to depict the dam-break flood dynamics in the Karnaphuli
River system.

4 Result and Discussion

4.1 Impact of Breach Magnitude on Flood Water Levels

The HEC-RAS 2D numerical modeling results demonstrate distinct patterns of flood water depth distribution
across the three breach scenarios modeled for the Kaptai Dam. The floodplain maps reveal a progressive
intensification of inundation severity corresponding to increasing breach dimensions, while maintaining
relatively consistent spatial extents constrained by the topographical characteristics of the Karnaphuli River
valley. To isolate the effect of breach width on downstream water levels, three breach scenarios—full breach,
one-half breach, and one-third breach—were simulated under identical hydraulic conditions (constant breach
formation time of 3 h). Figure 1 shows the water-level distribution along characteristic cross sections for each
scheme:

Full breach (Figure 1a) failure scenario represents the most severe hydraulic conditions, generating maximum
flood water depths of 30.44m. The inundation pattern exhibits widespread areas of extreme depth (>25m), with
the flood wave maintaining substantial energy throughout its downstream propagation. The extensive purple and
dark blue zones indicate sustained high water levels across a significant portion of the floodplain.

One-half breach (Figure 1b) yields maximum water levels of 23.9 m to 26.0 m, approximately 15 % lower than
the full-breach case. The reduction is most pronounced in mid-reach sections, indicating attenuated energy
dissipation as the surge propagates downstream.

One-third breach (Figure 1c) shows the smallest inundation depths, with a maximum of 6.5 m to 18.7 m. The
limited breach width constrains discharge capacity, resulting in substantially lower flood peaks and a
correspondingly reduced hazard footprint. Limited zones of elevated water depths (>16m) are confined to the
immediate downstream vicinity of the breach location, indicating rapid energy dissipation and flow attenuation
as flood waters propagate downstream.

1440



N.A.A. Muktadir, S. Dey, & M. N. Kamal, D. Hossain, N. Hasan, M. T. Rahman
ICCEI 2025

5.2 Impact of Breach Formation Time on Flood Inundation Depth

All three simulations confirm that breach duration is the dominant control on downstream hydraulics. A 1 h
failure produces a short, high-energy surge; extending the failure to 3 h or 5 h lengthens the hydrograph, lowers
peak depths and velocities, but sustains inundation for a longer period. The overall flooded footprint changes
very little because the Karnaphuli valley is laterally confined by steep hill slopes that act as natural levees, a
point also noted for other steep catchments. Holding the breach width constant (full breach), three
breach-formation durations—1 h, 3 h, and 5 h—were modeled to assess how rapidly the embankment failure
affects downstream inundation (Figure 3):

1 h breach (Figure 3a) generates the most extreme flood depths, with values up to 43.8 m in localized areas
immediately below the dam. Rapid breach development leads to a high-energy release, producing deep and
extensive inundation. 3 h breach (Figure 3b) reduces peak depths to 29.7 m, representing a 32 % decrease
compared to the 1 h case. The slower breach formation attenuates the surge, leading to a broader but shallower
flood wave. 5 h breach (Figure 3c) yields the lowest maximum depths of 23.7 m, a further reduction of 20 %
relative to the 3 h scenario. The prolonged breach progression allows reservoir outflow to moderate, minimizing
downstream impacts.
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Figure 3 Impact of breach formation time on downstream inundation depth for (a) 1 h, (b) 3 h, and (c) 5 h full-breach
scenarios.
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6. Conclusion

This comprehensive study successfully demonstrates the critical importance of advanced hydraulic modeling in
assessing dam breach scenarios and their catastrophic downstream impacts, using the strategically significant
Kaptai Dam on the Karnaphuli River as a representative case study. Through sophisticated HEC-RAS 2D
simulations, the research systematically examined various breach parameters including formation times ranging
from 1 hour to 5 hours and failure extents spanning full, half, and one-third breach heights, providing crucial
insights into flood dynamics and risk assessment. While the simulations achieved high accuracy, several
important limitations must be acknowledged. The analysis relied on available DEM resolution of 30 meters,
which may not capture fine-scale topographic features that could influence local flood patterns. The study
assumed overtopping as the primary failure mechanism, though real-world dam failures can occur through
various modes including piping, structural instability, or seismic events. Additionally, the modeling did not
incorporate dynamic factors such as sediment transport, debris accumulation, or real-time weather variations that
could significantly influence actual flood behavior. Several promising avenues emerge for future research
enhancement. Integration of real-time climate data and weather forecasting systems could substantially improve
the predictive capability of dam breach models. The development of three-dimensional modeling approaches for
complex terrains would provide more detailed insights into localized flow patterns and velocity distributions.
Furthermore, incorporating machine learning algorithms and artificial intelligence could enable more
sophisticated risk assessment frameworks that account for multiple interacting variables simultaneously. Future
studies should also explore the integration of socio-economic vulnerability assessments with technical flood
modeling to provide more comprehensive risk evaluations. The development of probabilistic modeling
approaches, rather than deterministic scenarios, could better capture the inherent uncertainties in dam breach
parameters and provide more robust risk estimates.
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