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Abstract

The process of dam break analysis is explored in the form of three steps based on the available
literature in the present work: the assumption of dam failure, routing the flood wave generated, and
assessment of areas affected by dam break. Dam failure is essentially considered in the form of a breach,
which is dependent on various factors. However, in the process of dam break analysis, the breach
assumption can be based on the existing empirical equations suggested by researchers or based on
physical models. The assumed dam failure gives rise to flood wave generation, which is routed further
downstream of the dam section. Various hydraulic models that can be effectively applied to flood routing
are available. The results of flood routing can be applied to estimate the risk potential of such flooding
scenarios. The time of arrival of the maximum flood and the flood water flow in terms of depth and
velocity at a given location downstream for the assumed dam failure play an important role in assessing

the damage potential of flood due to dam break.
Key Words: Dam break analysis, Breach parameter estimation, Flood routing
Introduction

Dams are important elements in the field of water resource engineering. These are structures that
serve various purposes, including water storage, flood control, and hydroelectric power generation.
Considering the functionality served by dams, it is evident that proper quality control during the execution
and safety of the structure during its expected life should be ensured. Considering the advancement and
the level of development of water resource management in countries such as India, we are at a stage
where almost all major schemes of dam construction have been accomplished, and this necessitates the
provision of proper inspection and maintenance of dams with reference to dam safety. Considering the
term dam safety, the process of dam break analysis has been identified as an essential study for any given
dam. Such a study can help decision makers identify the areas to be prioritized during a catastrophic dam
failure event. This paper summarizes the state-of-the-art dam-break analysis process. The process of dam

break analysis essentially consists of three steps: first, the assumptions of dam failure and selection of
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breach parameters, the second steps is routing the generated flood wave resulting from the dam breach

downstream of the dam section, and third, the assessment of the affected areas inundated due to flooding.

1.

Assumptions regarding dam failure
The assumption of dam failure is the most crucial part of dam break analysis. (Xiong 2011)
identified the process of estimating breach parameters as one of the crucial steps in carrying out
dam break analysis. A widely accepted approach for breach parameter estimation is the use of
empirical equations suggested by various researchers. Whal (1998) documented various breach
parameters and empirical equations suggested by various researchers, based on historical dam
failures.
Some of the common empirical models include Froehlich’s equations (2008, 2016), USDA SCS
(1981), Simplified Triangular Breach, MacDonald & Langridge-Monopolis (1984), and Van Thun
and Gillette (1990). Among various empirical models for calculating breach parameters, the
equations suggested by Forehlich ( 2008, 2016) have been recognized as the most appropriate in
most of the literature. The same has also been suggested in the DRIP manual by the Central Water
Commission, India. Dhiman S et al (2019) has compiled a list of Indian dam failures, using data
from government reports, articles, news, and magazines, to develop breach parameter equations.
New empirical equations were proposed for breach parameters and peak outflow by incorporating
variables such as dam height, reservoir capacity, and erodibility. These equations were compared
with existing equations to improve the prediction of breach parameters and peak outflows. It has
been identified that the equation suggested by Forehlich (2008) provides the best result as per the
available dam failure records in India. The assumption of the breach parameter significantly
influences the breach outflow hydrograph and ultimately the damage potential of the resulting
flood.
Another approach to breach parameter estimation is a physical or process-based model that
simulates the actual breach process using soil properties and hydraulic conditions. These models
model the interaction between the hydraulic forces and the geotechnical erosion process. Unlike
empirical equations, this approach is not based on historical failures but rather on the principles of
fundamental physics. Some popular models in this approach are HR BREACH (HR Wallingford),
WINDBRO (USACE 2009), and BEED (Bureau of Reclamation). The major limitation of the
process-based approach is the limitation in available data on soil properties, which necessitates a
comprehensive geotechnical investigation and leads to the complexity arising from the simulation
of such processes. The calibration and validation of such an approach is also difficult.
1.1 Various works highlighting the breach parameters

Macchione et al. (2016) evaluated dam breach modeling approaches by comparing

parametric models in HEC-RAS with a simplified physically based model (Macchione,

2008) to predict downstream flood impacts and found that the physically based model (with
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minimal calibration) outperformed parametric models in predicting downstream water

levels, reducing uncertainties tied to empirical parameters; however, the study was based on

a single case study of Big Bay dam failure.

Gaagai et al. (2021) modeled dam-break flooding risks for the Yabous Dam (NE Algeria)

using 1D HEC-RAS and analyzed breach parameters (width, slope, and formation time) via

sensitivity analysis. The study has identified that breach width and slope significantly

influence flood wave dynamics, while formation time has an inverse effect, and that

Froehlich’s methods are reliable for breach parameter prediction.

Khalkho et al. (2020) simulated a hypothetical piping failure of the Adwa dam in Mirzapur,
Uttar Pradesh, India. This study identified the effectiveness of the HEC-RAS model for such

a study, and the breach parameters were based on Froehlich’s method.

2. Routing the flood wave

The typical process of dam-break analysis involves the routing of flood waves generated because

of the assumed dam failure. The modern computing platform integrated with GIS promises an

efficient flood-routing process. Some of the widely used models for flood routing include HEC-

RAS, MIKEI1, and FLDWAV.

2.1 Various works highlighting the flood routing models in dam break analysis

Hosseinzadeh-Tabrizi, S. et al (2022) has employed 2D HEC-RAS model to simulate dam-

breach flood scenarios (piping vs. overtopping) for Iran’s Sattarkhan Dam. These findings

highlight vulnerabilities in downstream regions and advocate for preventive measures in

flood-prone zones. This work also highlights the effectiveness of HEC-RAS in effectively

carrying out such studies.

Kumar et al. (2017) reviewed the existing literature on dam-break studies and inundation mapping

using hydraulic models and GIS. The various hydraulic models identified in this study are

presented below:

Table 1: Some of the hydraulic models for dam break analysis

Model Description Key Features

DAMBRK | Predicts dam breach wave | Describes dam failure modes, computes outflow
formation and progression. hydrograph, routes outflow.

FLO-2D Predicts flood hazard, mudflow, | Uses grid system, determines floodplain based on
and debris flow. elevation and roughness, models sediment flow.

FLDWAV | Predicts rapid flood events. Has wave front tracking, calculates potential affected area,

models flow through stream networks.

SMPDBK | Simplified version of | For dam classification and risk, quick and easy to use.

DAMBRK.
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MIKE 11 ID tool for simulating flood | Modular structure, simulates unsteady flow.

waves, sediment transport, water

quality.
MIKE 2 2D modeling software for free | Simulates flow in rivers and estuaries, predicts floodplain
surface flows. situations.

HEC-RAS | Simulates flow in river channels | Performs 1D and 2D hydrodynamic unsteady flow

and floodplains. routing, models dam break.

Karam W et al (2021) simulated the dam-break flood of Pakistan’s Attabad Lake (formed by a
2010 landslide) using the 3D CFD model FLOW-3D to predict peak flow depths, velocities, and
inundation extents identifying the vulnerable areas, emphasizing the need for emergency plans.
Kulkarni. S et al. (2016) analyzed the potential dam-break effects of India’s Pawana Dam using
empirical methods (the Froehlich equation) and ANSYS Fluent CFD simulations to estimate breach
discharge and downstream flood impacts. The results identified nine high-risk villages (e.g.,
Phagne and Kale) along with rehabilitation costs. This study emphasizes preventive measures (e.g.,
dam safety reviews) over costly post-disaster rehabilitation. Key recommendations include regular
monitoring and emergency planning to mitigate life and economic loss.

Goharnejad et al. (2016) simulated the embankment dam break of Iran’s Taleghan Dam using
Flow-3D software and empirical equations (Froehlich, MacDonald) under five flood volume
scenarios (5-25 MCM). As per the study, numerical models aligned closely with empirical methods
(4-74% error), validating their reliability, especially for large inflows. The RNG turbulence model
effectively captured dam erosion and breach dynamics. Findings emphasize Flow-3D’s utility in
predicting dam failure impacts for flood risk management and emergency planning.

Najar. M et al. (2022) examined the influence of dam breach parameters on flood hydrographs
using five common breach prediction methods and a 2-dimensional HEC-RAS model. Urkmez
Dam was used as a case study because of its potential risks to downstream populations. This study
investigated various reservoir storage levels and conducted a sensitivity analysis to assess the
impact of breach parameters on flood hydrographs. The results indicate that the Froehlich approach
is the most reasonable approach for estimating dam breach parameters. Key findings highlight that
breach time formation significantly affects peak discharge and time to peak, whereas the breach-
side slope has minimal influence.

Assessment of the affected area due to dam break

The third step in the process of dam-break analysis generally refers to the interpretation of the
results of flood routing of dam-break waves. This analysis can have various aspects, including the
time of arrival of the flood along with the depth and velocities at various critical locations
downstream of the dam. The damage associated with a flood has a direct correlation with the depth

of the flood at a given location. Various studies have been conducted to identify various aspects of
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flood-affected areas for a given flood event. The various hydraulic models discussed in the previous
sections provide results in the form of flood depth, velocity, and time of arrival. The hydrographs
generated in various areas of interest also provide substantial information necessary for mitigating
the adverse effects of floods. Cox et al (2010) in the document ‘The Australian Rainfall and Runoff
Revision Project 10’ establishes safety criteria for people in floodwaters, focusing on depth-
velocity thresholds. Key findings include the relationship between the product of depth and
velocity, and the level of hazard for various categories. The category is defined based on the
products of height and mass. Category 1 included Infants, Small Children (H.M < 25), and frail or
older persons. Category 2 included children (H.M = 25-50) and category 3 included adults (H.M

> 50).
Table 2: Flow Hazard Regimes for Infants, Children, and Adults

D-V (m?/s) Category 1 Category 2 Category 3

0 Safe Safe Safe

0-04 - Low Hazard -

0.4-0.6 - Significant Hazard; | Low Hazard
Dangerous to most

0.6-0.8 Extreme Hazard; | - Moderate Hazard; Dangerous

Dangerous to all to some

0.8—-1.2 - Extreme Hazard; | Significant Hazard;
Dangerous to all Dangerous to most

>1.2 - - Extreme Hazard; Dangerous to

all

The above study has also been cited in the DRIP manual ‘Guidelines for Mapping Flood Risks
Associated with Dams, > published by the Central Water Commission, Government of India. The above
guidelines can be successfully applied in dam break analysis to identify the level of hazard at a given
location. If GIS-based population data are available downstream of the dam, hazard maps can be
generated and used for emergency action planning.

Conclusion

The process of dam break analysis is essentially based on the assumption of breach parameters,
which are dependent on either process-based models or empirical models suggested by researchers. In
any case, the actual failure may or may not take place according to the assumptions; however, the existing
literature suggests that Froehlich’s equations (2008, 2016) are well suited to the Indian conditions for the
process of dam break analysis. Hence, for the Indian scenario, these equations can be successfully applied
to aid in emergency action plans. Among the various hydraulic models available for flood routing, the
HEC-RAS model has been widely applied and cited for the process of dam break analysis because of its
robust nature and availability for use. Furthermore, the guidelines laid by Cox et al. (2010) can be

effectively applied to the assessment of areas affected by dam-break flood waves. It is important to note
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that the dam-break analysis process is divided into three sections. These steps can be applied to any dam

to create a database that may aid in emergency action plans and policy makers in making decisions in

times of catastrophic dam failures.

References

1. Bureau of Reclamation. (2015). Breach erosion model for concrete dams (BEED). Technical
Service Center Report DSO-15-01. Denver, CO: U.S. Department of Interior.

2. Cox,R.J, Shand, T. D., & Blacka, M. J. (2010). Australian Rainfall and Runoff Revision Project
10: Appropriate Safety Criteria for People, Stage 1 Report (Report No. P10/S1/006). Engineers
Australia.

3. DHI. (2022). MIKE 11 Scientific Documentation.

4. Dhiman, S., & Patra, K. C. (2019). Studies of dam disaster in India and equations for breach
parameter. Natural Hazards, 98(2), 783—807. https://doi.org/10.1007/s11069-019-03731-z

5. Fread, D. L. (1993). FLDWAV: A Generalized Flood Routing Model. NOAA.

6. Froehlich, D. C. (2008). and Their Uncertainties. Environmental Protection, (May 2011), 1708—
1721.

7. Froehlich, D. C. (2016). Predicting peak discharge from gradually breached embankment
dam. Journal of Hydrologic Engineering, 21(11). https://doi.org/10.1061/(ASCE)HE.1943-
5584.0001424

8. Gaagai, A., Aouissi, H. A., Krauklis, A. E., Burlakovs, J., Athamena, A., Zekker, 1., Boudoukha,
A., Benaabidate, L., & Chenchouni, H. (2021). Modeling and risk analysis of dam-break flooding
in a semi-arid montane watershed. Preprints. https://doi.org/10.20944/preprints202112.0458.v1

9. Goharnejad, H., Milad, S. M., Mahmood, Z. N., & Khalegh Abadi, L. S. (2016). Numerical
modeling and evaluation of embankment dam break phenomenon (Case study: Taleghan
Dam). Research & Reviews: Journal of Engineering and Technology, 5(3), 104—-111.

10. Hosseinzadeh-Tabrizi, S. A., Ghaeini-Hessaroeyeh, M., & Ziaadini-Dashtekhaki, M. (2022).
Numerical simulation of dam-breach flood waves. Applied Water Science, 12(1), Article
100. https://doi.org/10.1007/s13201-022-01623-5

11. Karam, W., Khan, F. A., Alam, M., & Ali, S. (2021). Simulation of dam-break flood wave and
inundation mapping: A case study of Attabad Lake. International Journal of Emerging Trends in
Engineering Research, 9(6), 703—714. https://doi.org/10.30534/jjeter/2021/15962021

12. Khalkho, V., Thomas, A., Singh, M., & Dadel, S. (2020). Dam break analysis and flood inundation
mapping using HEC-RAS for piping failure. International Journal of Chemical Studies, 8(5), 1989-
1992.

13. Kulkarni, S. R., Ukarande, S. K., & Jagtap, S. A. (2016). Dam break analysis - a case

study. International Journal of Engineering Research, 5(Special 1), 207-
209. https://doi.org/10.17950/ijer/v51i1/049

1592 Purvang Pandya et al 1587-1593


https://doi.org/10.1007/s11069-019-03731-z
https://doi.org/10.1061/(ASCE)HE.1943-5584.0001424
https://doi.org/10.1061/(ASCE)HE.1943-5584.0001424
https://doi.org/10.20944/preprints202112.0458.v1
https://doi.org/10.1007/s13201-022-01623-5
https://doi.org/10.30534/jjeter/2021/15962021
https://doi.org/10.17950/ijer/v51i/049

Journal of Computational Analysis and Applications VOL. 33, NO. 6, 2024

14.

15.

16.

17.

18.

19.

20.

21.

Kumar, S., Jaswal, A., Pandey, A., & Sharma, N. (2017). Literature Review of Dam Break Studies
and Inundation Mapping Using Hydraulic Models and GIS. International Research Journal of
Engineering and Technology (IRJET), 4(5), 55-62.

Macchione, F., Costabile, P., Costanzo, C., De Lorenzo, G., & Razdar, B. (2016). Dam breach
modelling: Influence on downstream water levels and a proposal of a physically based module for
flood  propagation software. Journal of  Hydroinformatics, 18(4), 615—
633. https://doi.org/10.2166/hydro.2015.250

Mohamed, M. A. A., Samuels, P. G., & Morris, M. W. (2002). Improvements in breach modelling:
HR BREACH. HR Wallingford Report SR 581. Wallingford, UK: HR Wallingford.

Najar, M., & Giil, A. (2022). Investigating the Influence of Dam-Breach Parameters on Dam-Break
Connected Flood Hydrograph. Teknik Dergi. https://doi.org/10.18400/tekderg.796334

Seed, H. B., Duncan, J. M., & Pyke, R. (1984). The Teton Dam failure: A retrospective review.
In International Conference on Case Histories in Geotechnical Engineering (pp. 525-543). St.
Louis, MO: University of Missouri-Rolla.

U.S. Army Corps of Engineers. (2009). WINDBRO: Watershed investigation of dam-break
flooding. Hydrologic Engineering Center Technical Report CPD-83. Davis, CA: USACE.
USACE. (2023). HEC-RAS User’s Manual.

Wahl, T. L. (2004). Uncertainty of predictions of embankment dam breach parameters. Journal of
Hydraulic Engineering, 130(5), 389-397. https://doi.org/10.1061/(ASCE)0733-
9429(2004)130:5(389)

Xiong, Y. (2011). A Dam Break Analysis Using HEC-RAS. Journal of Water Resource and
Protection, 03(06), 370-379. https://doi.org/10.4236/jwarp.2011.36047

1593 Purvang Pandya et al 1587-1593


https://doi.org/10.2166/hydro.2015.250
https://doi.org/10.18400/tekderg.796334
https://doi.org/10.1061/(ASCE)0733-9429(2004)130:5(389)
https://doi.org/10.1061/(ASCE)0733-9429(2004)130:5(389)
https://doi.org/10.4236/jwarp.2011.36047

