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Abstract - Accurate flood inundation mapping is
fundamental for effective flood risk management, urban
planning, and emergency preparedness. While advances in
hydrologic and hydraulic modeling have significantly
improved the precision of these maps, the nuanced influence
of hydraulic structures such as dams is often simplified or
overlooked. This study presents a comprehensive approach
to assess the impact of Krishna Raja Sagara (KRS) dam on
flood inundation patterns. KRS dam is a type of Gravity dam
constructed with stone masonry along with surki mortar
having a length of 2621 m and has a maximum height of
44.66 m and the bottom width of the dam is 33.88 m
covering a catchment area of 10961 km?. The Gross storage
capacity of the dam is 1400 MCum. The design flood
discharge is estimated to be 9911 cumecs. A total number of
152 gates have been installed to dispose off the surplus as
well as water stored in the KRS dam which are situated at
different levels of the dam having varying capacities.
Utilizing integrated 1D/2D hydrodynamic modeling data,
we simulate flood events under diverse scenarios, comparing
inundation extents and depths with and without detailed
representation of structure. The methodology incorporates
detailed structural geometry, operational rules, and their
interaction with upstream and downstream flow dynamics.
Preliminary findings demonstrate that hydraulic structures
can significantly alter flood wave propagation, water
surface elevations, and flow velocities, leading to
considerable differences in predicted inundation areas and
depths. The maximum inundation area observed in the maps
generated was 288.407sq.km respectively in 2D modeling.
The maximum water surface elevation observed is 755.139
(m) with overtopping failure with Dam break scenario.

Key Words: Flood Inundation Mapping, hydrologic,
hydraulic modelling, Dam breach analysis, HEC-RAS -
HEC-HMS.

1.INTRODUCTION :

A flood is defined as the overflow of water onto land
that is normally dry, typically caused by excessive rainfall
leading to high flows in rivers, streams, or drainage
channels, or by water ponding near the point of
precipitation. When a river's carrying capacity is exceeded,
the excess water spills over its banks, resulting in

inundation. The extent and severity of flood inundation
are influenced by various factors, including terrain slope,
elevation, rainfall intensity, drainage density, land use
patterns, and soil characteristics.

Dams are engineered hydraulic structures constructed
across rivers to form reservoirs, serving a range of
purposes including flood control, hydropower generation,
irrigation, water supply for domestic and industrial use,
and recreational activities [1]. However, dam failures pose
significant risks to public safety and the environment.
Historical disasters, such as the 1975 Bangiao and
Shimantan Dam collapses in China (85,000 fatalities), the
2018 Patel Dam failure in Kenya (41 deaths), and the 1994
Merriespruit tailings dam disaster in South Africa (17
fatalities), highlight the catastrophic consequences of dam
breaches ( [2]; [3]; [4]). Other notable failures include the
St. Francis Dam (1928), Buffalo Creek Dam (1972), and
Teton Dam (1976), which caused extensive property
damage and loss of life ( [5]; [6]). Globally, over 800,000
dams have been constructed [7], but their failure—often
due to overtopping (34% of cases), foundation defects, or
extreme weather—can lead to devastating downstream
flooding [8]. The 1975 Bangiao Dam disaster, triggered by
extreme rainfall, resulted in widespread fatalities,
displacement, and disease outbreaks [9]. Since the 1970s,
dam safety concerns have grown, prompting studies on
breach mechanisms, flood modeling, and risk mitigation
[10]. Traditional approaches relied on over engineered
structures, but modern strategies emphasize flood
forecasting, emergency action plans, and downstream
evacuation [11]. Advanced modeling tools, such as HEC-
RAS, HEC-HMS, and DAMBRK, simulate breach scenarios,
predict flood extents, and support emergency planning (
[12]. [13]). Parametric and analytical models estimate
breach dimensions and outflow hydrographs, while GIS-
based tools like HEC-GeoRAS enhance inundation mapping

([14]; [15]).
1.1 Significance of Dam Break Study

The present study on dam break analysis helps in many
ways and has got much significance as listed below:

» Helps in assessing the potential extent of damage
in downstream areas of the dam.
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» Aids in identifying the population and
infrastructure at risk farther downstream.

» Enables estimation of dam break flood hydrograph
and expected inundation levels.

» Facilitates analysis of worst-case scenarios for
effective disaster management planning.

» Flood mapping serves as a key input in the
preparation of Emergency Action Plans (EAPs) for
safe and timely evacuation.

2 STUDY AREA

The Krishna Raja Sagara, also known as KRS Dam is
located near Mysore Karnataka, India. KRS Dam stands as
a marvel and a vital resource of water. KRS Dam was
completed in 1932. The location of the KRS Dam is as
shown in Figure No.1
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Figure No.1: Location map of the Study area

The Krishna Raja Sagara Dam's primary purpose is to
store water from the Krishna River for irrigation and
power generation. The reservoir it holds not only supports
agriculture but also supplies drinking water to regions
that are in and around. Beyond its utilitarian functions, the
dam's elegant design and surrounding lush landscapes
attract tourists. With a capacity to harness hydroelectric
power and facilitate water management, the KRS Dam
remains a crucial asset of the state for the sustainable
development that plays a significant role in Karnataka's
water, energy, and agricultural sector .The KRS Dam
stands as a testament to human ingenuity and engineering
prowess. The KRS Dam has transformed from the year it
was built years ago has turned into a landscape and
shaped the socio-economic development of the region. The
Krishnarajasagara Dam is located near Kannambadi
village, in Srirangapatna Taluk of Mandya district,
Karnataka State with Lat 120 25’ 30” N and Long 760 34’
30” E and with a catchment area of 10961 Sq.Km. The

gross capacity of reservoir is 1400 MCum. The salient
features of Krishnarajasagara reservoir project is
tabulated in Table No.1.

Table No.1: Salient features of KRS Reservoir Project

Name of Dam Krishnarajasagara Dam
Name of River Basin Cauvery basin

Location 120 25'30” N, 76934’ 30" E
Catchment Area 10961 Sq.Km

Gross storage capacity 1400 MCum

Live Storage 1275.38 MCum

Dead storage 124.62 MCum

Lowest Foundation Level 709.66 m

Lowest River Bed Level 714.45 m

Full Reservoir Level 752.48 m

Top of the Dam 754.32 m

Total length of dam 2620 m

Height of the dam 44.66 m

Top width of road way 412m

Designed flood discharge 9911 cumecs

Figure no. 2 illustrates the elevation-storage
relationship of the KRS reservoir, while Figure no. 3
depicts the Probable Maximum Flood (PMF) hydrograph
generated for the study area.

Further, there are many villages along the downstream
side of the dam which will get affected due to the floods
caused by the failure of the dam represents in Figure no.4
and hence, the inundation mapping made in this work
would be more applicable and useful in this context.
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Figure No.2: Elevation-Storage for the KRS Reservoir
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Figure No. 0: PMP Flow Hydrograph
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Figure No.4: Downstream Villages of KRS Dam
3. Regression Equations
The following regression equations have been used for

several dam safety studies found in the literature, are
presented in greater detail in this chapter:

Froehlich (1995a) | Bave = 0.1803 Ko V032 hp019,

tr= 0.00254 V053 hy0.90

Froehlich (2008) Bave = 0.27 Ko V032 hy,0.04

_ V,
(=632 |

MacDonald  and
Langridge-
Monopolis 1984

Veroded = 0.0261 (Vout * hw)0.769
tr=0.0179 (Veroded )0'364

Von Thun and
Gillette

Bave = 2.5 hw+ Cp

Where
Bave =Average breach width (m)
Ko =Constant

(1.4, for overtopping failures, 1.0 for piping)

Vw =Reservoir volume at time of failure (m3)

hy, =Height of the final breach (m)

tr =Breach formation time (hrs)

Bave =Average breach width (m)

Veroded =Volume of material eroded from the dam
embankment (m3)

Vout =Volume of water that passes through the breach
(m3).

hyw =Depth of water above the bottom of the breach
(m).

4. ESTIMATING BREACH PARAMETERS

To accurately estimate outflow hydrographs and
downstream inundation during a dam breach, key
parameters must be defined in HEC-RAS software. These
include:

e Breach location (centreline of the dam), based on
dam type, failure history, and likely weak points.

e Failure mode (overtopping or piping), which
determines how the breach initiates and develops.

e (ritical breach development time, the duration
from breach initiation to full formation, estimated
externally and entered into HEC-RAS.

e Weir and piping flow coefficients, which influence
peak outflow rates and must be user-defined based
on an understanding of breach mechanics.

Breach Parameter Estimates for Overtopping Failure is

tabulated in Table no.2. And for piping failure breach

parameters are presented in Table no.3.

Table no. 2: Breach Parameter Estimates for
Overtopping Failure

Breach Breach | Breach Ezglr{n ated
Method Bqttom Side F.*:-lilure breach
Width Slopes | Time flow Q
(m) (H:1v) | (h) (m3/s)
Froehlich (1995a) 375.75 1.4 6.07 31960
Froehlich (2008) 301.78 1 4.89 31960
MacDonald and | s5442 | 05 493 | 31819
angridge - Monopolis
Von Thun and
Gillette 119.14 1 1.10 -
Xu and High 484.32 0.65 3.74 135025
Zhang Medium | 246.02 1.13 7.10 93453
(2009) 1y oy 18497 | 1.03 | 7.03 | 34829
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Table no.3: Results of Breach Parameter Estimates for

Piping Failure
B h B h Estimated
Bottom | Side | Breach | Peak
Method . Failure | breach
Width Slopes Time (h) | flow Q
(m) (H:1V)
(m3/s)
Froehlich
(1995a) 272.473 0.9 6.07 31960
Froehlich (2008) | 281.039 | 0.7 4.89 31960
MacDonald and
Langridge- 554.42 0.5 4.93 31819
Monopolis
Von Thun and
Gillette 119.14 1 1.10 -
Xu and High 241.69 0.69 3.62 96617
Zhang | Medium | 153.19 0.55 6.88 66890
(2009)
Low 130.168 | 0.17 6.78 24932

5. FLOOD INUNDATION MAPPING

The mapping of inundated area will be made using HEC-
Geo-RAS, which is an ArcGIS based pre- and post-
processor for HEC-RAS (Figure no..5).

. I—b RAS MAPPER
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Figure No.5: Flow Chart for Methodology of 2-D
Modeling using HEC-RAS

There are five main steps in creating a hydraulic model
with HEC-RAS 2D modeling:

1. Creation or adding a terrain (Plate no..1 &2).

2. Adding the geometry data for the terrain

3. HEC-RAS processing and Unsteady Flow data
(Plate no. 3).

4. Dam break scenario and the Entry of Breach
prameters
5. Unsteady flow analysis (Plate. No.4).
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Plate no. 1: Creation of Terrain profile in HEC-RAS
using RAS mapper

Plate no. 1: Storage area & 2D flow Mesh of the study
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Plate no. 3: HEC-RAS Connection Data Editor
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Plate no. 4: Unsteady Flow Data

6. RESULTS AND DISCUSSIONS

The breach parameters obtained by using different
regression equations are used in the HEC-RAS for different
modes of failure like overtopping and piping failure 2D
modeling and the maps have been generated and is given
here.
» Flood inundation maps with dam break scenario for
all the regression equations with
e Overtopping failure by 2D modeling.
e Piping failure by 2D modeling.
» Flood inundation maps without dam break scenario
From

Figure no. to Error! Reference source not found. there
shows various villages which are inundated.
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Figure no. 6: Flood Inundation Mapping with
Overtopping Failure in 2D Modeling
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Figure no.7: Velocity with Overtopping Failure
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Figure no. 8: Flood Inundation Mapping with Piping
Failure
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Figure no. 9: Water Surface Elevation with Piping
Failure
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Figure no.10: Velocity Map by with Piping Failure

From the Flood inundation map that are prepared for the
KRS dam with dam break scenario show that

= The villages which are majorly affected by them on the
right of the bank KRS garden, Naguvanhalli, Melepura,
Chandagalu, Mahadevapura, Channahalli, Bidarhalli,
Ranganathapur, Honnuru, Muthathi, Yeddore,
Gargeshwar, T narasipura , Benakanahalli, Balamuri,
Karekura, Brahmapura, Chandgala, Naguvalli

= The villages Affected on the left bank are
Chikkayarahalli, Duddaghata, Seethapura, Ganjam,
Hangarahalli, Chaluvarasanakoppal, Sringapattna,
Gadijogihundi, Ganiganakoppalu, Gaddemole,

Vysarajapura, Sosale, Kunthanhalli, Bannur TMC,
Gandehosalli, Kyathanahalli.

= The villages which are not affected by the Flood are
Katteri, Aralakuppe, Haravu, Achappana, Darasaguppe,
Madarhalli, Bidarhalli, Makanahalli, Bannur rural,
Kethupura, M.L hundi, Palahalli, Belagola, Hanusuru.

= The villages which are partially affected by the Flood
are K. Sheetihalli, Allapatna, Doddapalya, Maragala,
Maundagadore, Madagahalli, Gadijogihundi.

7. CONCLUSIONS

Dam failures pose significant socio-economic and
environmental risks, necessitating  robust  risk
management and emergency planning. This study
assessed potential failure scenarios for the Krishnaraja
Sagar(KRS)Dam under overtopping and piping conditio
ns.

Key findings include:
e Maximum inundation area: 288.407 km?
e Peak flood velocity: 11.281 m/s
e Water surface elevation range: 614.166 m (min)
to 755.139 m (max).

The spillway was found sufficient to handle PMF flows,
making overtopping failure unlikely. However, piping
failure generated higher peak discharges, increasing

downstream flood risks. The study highlighted potential
impacts on agriculture, infrastructure, and local
economies, reinforcing the need for preparedness
measures.

8 RECOMMENDATIONS

v Land-use planning and emergency response
strategies should incorporate dam  break
simulations.

v" Future models should integrate soil properties,

vegetation, sediment transport, and high-
resolution topographic datafor improved
accuracy.

v Enhanced risk assessment frameworks are
needed to strengthen disaster mitigation and
recovery efforts.

This study underscores the critical role of predictive
modeling in minimizing dam failure impacts and
improving community resilience.
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