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Abstract - Dams are multi-functional structures widely used 
for storing water, generating electricity, and managing floods. 
However, their failure, especially during extreme rainfall 
events, can lead to catastrophic flooding in downstream areas. 
This study presents a comprehensive dam break analysis and 
flood inundation mapping for the Harangi Dam, located in 
Karnataka, India. Using HEC-RAS 2D and ArcGIS tools, 
simulations were carried out to model potential overtopping 
and piping failure scenarios. The resulting flood hydrographs 
and inundation extents were compared for different breach 
conditions. The peak flood discharges obtained were 21,451.66 
cumec for overtopping and 15,585.31 cumec for piping failure. 
The maximum inundation area for overtopping was found to 
be 120.857 square kilometers, significantly higher than the 
areas affected by piping failure and large controlled release 
scenario. About 157 downstream villages were found to be at 
risk due to overtopping failure. The study highlights the 
importance of hydraulic modeling and floodplain mapping in 
identifying vulnerable zones, supporting disaster 
preparedness, and formulating mitigation strategies for dam 
safety management. 
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1. INTRODUCTION  

Dams are critical infrastructure that play a vital role in water 
resource management. However, their failure can result in 
significant loss of life and property. With increasing concerns 
over climate-induced extreme rainfall and structural 
vulnerabilities, dam break studies have become essential. 
This paper focuses on the Harangi Dam in Karnataka, 
assessing flood risks arising from both overtopping and 
piping failure scenarios. Flood Inundation Mapping (FIM) is 
used to identify at-risk areas downstream of the dam using 
HEC-RAS two-dimensional modeling and GIS tools. 

In recent years, with the rising unpredictability of weather 
patterns and climate extremes, the relevance of dam break 
modeling has increased significantly. Comprehensive risk 
assessments help in evaluating possible downstream 

impacts and are instrumental in preparing mitigation 
strategies. This study incorporates both hydrological and 
hydraulic modelling components, offering a holistic 
approach toward dam safety evaluation. 

1.1 Objectives 

 To determine the peak flood discharge resulting 
from a dam failure due to both overtopping and 
piping failure. 

 To prepare flood inundation and flood wave arrival 
time maps for the downstream region under dam 
break conditions, and a flood inundation map for 
the downstream region under without dam break 
condition. 

 To estimate the number of villages affected or 
inundated due to overtopping failure. 

2. STUDY AREA 

The Harangi Dam is an essential water infrastructure project 
built across the Harangi River, a tributary of the Cauvery, 
located in Kodagu district of Karnataka. Positioned at around 
12° 29′ 30″ N latitude and 75° 54′ 20″E longitude.  It began 
impounding water in 1982, and since then, it has played a 
significant role in supporting regional agriculture and 
ensuring water security for nearby districts, especially during 
dry spells. The dam is a composite structure with masonry 
and earthen materials, the Harangi Dam spans 845.82 meters 
in length. In addition to its practical utility, the Harangi Dam 
has also become a peaceful tourist destination, with well-
maintained gardens, tranquil waters, and scenic views of the 
Western Ghats, especially captivating during the monsoon 
season. It has become a spot where infrastructure meets 
nature. In all, the Harangi Dam is a symbol of sustainable 
water management, agricultural support, and eco-tourism, 
quietly enriching the lives and landscapes of southern 
Karnataka. 
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3. DATA USED 

3.1Digital elevation model 

A Digital Elevation Model (DEM) is a digital dataset that 
represents the Earth's surface terrain by recording elevation 
values at consistent spatial intervals. The DEM used in this 
study was sourced from the Shuttle Radar Topography 
Mission (SRTM), offering a spatial resolution of 30 meters. 
This dataset was freely downloaded from USGS Earth 
Explorer, a reliable platform for global geospatial data. 

3.2 Reservoir data                                            

To accurately predict a flood hydrograph from a reservoir, it 
is essential to have the elevation-storage relationship data of 
the reservoir. The reservoir data were collected from the 
dam authority and are shown in Chart-1. 

 
Chart -1: Elevation-storage relationship for the Harangi 

reservoir 

3.3 PMF Hydrograph 

The PMF hydrograph is taken as the inflow for the flood; 
hence, it is also called the inflow hydrograph. The PMF 
hydrograph data were collected from the dam authority and 
are shown in Chart-2. 

 

Chart -2: Inflow hydrograph 

 

3.4 Manning’s Roughness coefficient 

Accurate estimation of water surface elevation depends 
heavily on selecting a suitable Manning’s roughness 
coefficient (n). The Land Use Land Cover (LULC) data used in 
this study was obtained from the Esri 10-meter resolution 
Land Cover dataset for the year 2024, which is based on ESA 
Sentinel-2 satellite imagery. 

4. METHODOLOGY 

The study used a combination of hydrodynamic modeling 
and GIS-based analysis to simulate possible dam failure 
scenarios. Fig-1 show the flowchart of the methodology used 
in the present study. 

 

Fig -1: Flowchart of the Methodology Used 

The process of developing a hydraulic model using HEC-RAS 
2D involves the following key steps: 

1. Creation or adding a terrain 

2. Adding Geometry Data and Assigning Manning’s n 
Values 

3. Adding Connection Data, and for dam Break 
Scenarios, Entering Breach Parameters 

4. Entering unsteady flow data 

5. Performing unsteady flow analysis 

6. Using RAS Mapper and ArcGIS for post-processing 
and generation of the maps. 
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Step1: Creation or adding a terrain 

A terrain layer, which is pre-processed and clipped in 
ArcGIS, is added to RAS Mapper by selecting the ‘Create New 
RAS Terrain’ option. A corresponding projection file is also 
added to ensure it aligns with the correct coordinate system. 

Step2: Adding Geometry Data and Assigning Manning’s n 
Values 

In this step, a storage area and a 2D flow area are created 
using the geometry options in HEC-RAS. A 2D mesh is 
generated for the flow area with a cell size of 125 × 125 
meters, resulting in a total of 79,943 cells. The storage area is 
connected to the 2D flow area using the SA/2D connection 
tool. The downstream boundary condition is defined using 
BC lines. The Land Use/Land Cover (LULC) layer is created 
under Map Layers, and Manning’s n values are assigned 
based on land classification. 

Step3: Adding Connection Data, and for dam Break 
Scenarios, Entering Breach Parameters 

In this step, connection data are added by defining the weir 
embankment characteristics such as weir width, stationing, 
elevation, and weir coefficient. Under the gate section, 
details of the spillway and river sluice gates are entered. If 
modeling a dam break scenario, the breach plan is selected, 
and breach parameters derived from relevant regression 
equations are input accordingly. (If modeling is without a 
dam break scenario, skip the entry of breach parameters.) 

Step4: Entering unsteady flow data 

In this step, boundary conditions for both upstream and 
downstream are defined under the unsteady flow data. 

-Flow/Discharge: For the overtopping failure scenario, the 
upstream boundary is assigned an inflow hydrograph 
representing the PMF with a 1-hour interval. For the piping 
failure scenario, a constant base flow of 21 m³/s is used. For 
the large controlled release scenario, the spillway discharge 
capacity (including river sluice discharge) of 3826.24 m³/s is 
provided. 

- Normal depth: At the downstream boundary, a normal 
depth value of 0.001 is assigned for all scenarios. 

- Elevation-controlled gates: For the SA/2D connection, 
elevation-controlled gates are defined differently for each 
scenario. In the overtopping failure case, the gates are 
considered fully open. For piping failure, the gates remain 
fully closed. In the large controlled release scenario, the 
gates are set to open gradually at a rate of 0.2 meters per 
minute. 

 

Step5: Performing unsteady flow analysis 

1. Select the programs to run, 

 Geometric Preprocessor: Processes the geometric 
data into a series of hydraulic property tables. 

 Unsteady Flow Simulation: Uses the full dynamic 
Saint-Venant equations to perform unsteady flow 
calculations. 

 Post Processor: Computes detailed hydraulic results 
as per user specifications. 

 Floodplain Mapping: Computation of static flood 
inundation maps (Depth Grid).  

2. Enter the starting and ending date and time for the 
simulation. 

3. Set the computation settings which include computation 
interval, hydrograph output interval, mapping output 
interval, detailed output interval. 

4. Click the Compute button to run the simulation. 

Step6: Using RAS Mapper and ArcGIS for post-processing 
and generation of the maps. 

 After performing the unsteady flow analysis, the RAS output 
is exported and imported into ArcGIS in raster format. The 
raster data is overlaid on the base map, and the inundation 
area is calculated by converting the raster to a polygon layer. 
Finally, essential map elements such as the legend, north 
arrow, and other cartographic features are added. 

5. RESULTS AND DISCUSSIONS 

Flood inundation maps are essential tools for understanding 
the spatial extent of flooding, especially along riverbanks. 
These maps play a crucial role in disaster preparedness and 
response, as they support the development of effective 
Emergency Action Plans (EAPs). The unsteady flow 
simulation in HEC-RAS produced peak flows of 21,451.66 
m³/s and 15,585.31 m³/s under overtopping and piping 
failure scenarios, respectively, as shown in Fig. 2 and Fig. 3. 
For large controlled releases, the peak flood corresponds to 
the design discharge capacity, which includes both spillways 
and the river sluice. The analysis identified 157 villages that 
would be affected in the event of a dam break caused by 
overtopping failure, highlighting the need for early warning 
systems and evacuation planning in the downstream region. 
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Fig -2:  Dam break flood hydrograph for overtopping 
failure 

 

Fig -3: Dam break flood hydrograph for piping failure 

Fig-4 and Fig-5 show the flood inundation map and flood 
wave arrival time map for the overtopping failure scenario. 

 

Fig -4: Flood inundation map for overtopping failure 
 

 

Fig -5: Flood wave arrival time map for overtopping 
failure 

Fig-6 and Fig-7 show the flood inundation map and flood 
wave arrival time map for the piping failure scenario.  

 

Fig -6: Flood inundation map for piping failure 

 

Fig -7: Flood wave arrival time map for piping failure 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 12 Issue: 06 | June 2025             www.irjet.net                                                                         p-ISSN: 2395-0072 

  

© 2025, IRJET       |       Impact Factor value: 8.315       |       ISO 9001:2008 Certified Journal       |     Page 785 

 

Fig. 8 shows the flood inundation map for the scenario 
without dam break (i.e., large controlled release). 

Fig -8: Flood inundation map for the scenario without dam 
break 

6.  CONCLUSIONS 

The dam break analysis conducted for the Harangi Dam 
resulted in the following key insights: 

 The overtopping failure scenario presents a 
significantly higher flood risk compared to piping 
failure, with a peak discharge of 21,451.66 m³/s and 
a maximum inundation area of 120.857 sq. km, 
underscoring its potential for widespread damage. 

 Floodwaters can travel up to 90 km downstream, 
reaching the Krishnarajasagara reservoir, indicating 
a broad geographic extent of potential impact. 

 A total of 157 villages are projected to be affected in 
the overtopping scenario, highlighting the urgent 
need for community-level disaster preparedness 
and evacuation planning. 

 Comparative analysis of inundation maps confirms 
that overtopping poses a greater threat than piping 
or large controlled release scenarios, necessitating 
focused mitigation measures for overtopping 
events. 

 The HEC-RAS simulation effectively modeled flood 
behavior, including water depth and flood wave 
arrival times, validating its use as a reliable tool for 
floodplain zoning and Emergency Action Plan (EAP) 
development. 

 The results provide critical inputs for disaster risk 
reduction, enabling informed emergency response 
planning, infrastructure reinforcement, and policy 
decisions aimed at safeguarding downstream 
communities. 
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