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studied. By modeling the failure phenomenon of the dams, failure parameters,
flood routing for different scenarios such as overtopping, piping and sudden
failures, zoning maps of velocity and depth of flood wave, arrival time of the
flood peak and areas that will be submerged have been considered. In this study,
a computer program is developed in the context of the Mathematica software,
which with the help of the BREACH software results to analysis gradual failure
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conditions have been considered in the analysis of unsteady flow dam failure in
the HEC-RAS software. The results of flood zoning due to different failure
scenarios have also been evaluated. It is worth mentioning that in the second part

of this article, risk analysis and identification of vulnerabilities will provide.

1. Introduction

Today, it is important to carefully study the phenomenon of dam failure due to the important role that
dams play, such as water supply, groundwater recharge and flood control. The failure of the
embankment dam can occur for various reasons such as the inability of the spillway to pass the
overflow, the piping, sudden break, and technical defects. According to studies by Zhang et al. (2009)
on 1065 earthen dams that have failed, nearly 80% of failure cases have been due to overtopping and
technical defects. In the present study, hydraulic simulations of the failure of two embankment dams
including Tabarakabad and Cahcahe dams has been considered.
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2. Materials and Methods

The governing equations of flood wave movement due to dam failure are in the hydraulic condition of
the unsteady rapidly varied flow. For hydraulic modeling, in the first step to determine the failure
parameters, the piping calculation algorithm, which includes an iterative process in the form of a
computer code, is implemented in the Mathematica software and the piping phenomenon is simulated
by using BREACH model. The BREACH model is based on hydraulic, hydrological, erosion and
sediment transport principles. This model allows the user to enter data such as inflow hydrograph, area-
elevation curve for dam reservoir, downstream cross section and discharge curve of spillway into the
model, and, the user can display the failure steps in animation and table as outputs. In order to simulate
the unsteady flow due to dam failure, the two-dimensional HEC-RAS model was used and by entering
the volume-level and area-level curves for sudden dam failure scenario and the dam output hydrograph
for the overtopping and piping scenarios, unsteady flood wave was modeled at downstream of the dams.

3.  Results

According to the results, only 65 levels in the Tabarakabad Dam and 84 levels in the Cahcahe Dam can
complete this process. In order to simulate overtopping failure, a defect in the hydraulic system of the
dam spillway was assumed when the flood enters the dam reservoir. The inflow to the reservoir is
equivalent to PMF and the flood time is equivalent to the peak flood time in previous hydrological
studies. By using the BREACH model, it was found that even with 50% capacity of the spillway, there
is not high risk to the Tabarakabad dam for overtopping failure. Study of this scenario in the Cahcahe
Dam indicates another issue that there is a risk of overtopping failure in this situation. Therefore, in
order to prevent its occurrence, the correct operation of the overtopping of the Cahcahe dam in critical
time is far more important than the Tabarakabad dam. The roughness value for the downstream
waterway of the dams is 0.02 and 0.07 and for urban areas is equal to 10. By applying topographic data
(satellite maps) in 2D HEC-RAS software, the results of speed and depth of simulations for sudden,
piping and overtopping scenarios were analyzed. For the Tabarakabad dam, the maximum flow velocity
similar to the Cahcahe dam is up to 20 m/s and in the area close to the dam to the city, and the maximum
flow depth occurred in the case of overtopping failure with a value of 36 meters, while for the Cahcahe
dam failure, this maximum value was up to 20 meters.

4.  Discussion and Conclusion

In this research, in order to analysis the failure parameters and the dangerous case of the piping failure
of dams, a computer program has been developed in the context of the Mathematica software, which
has been used in combination with the results of the BREACH software. In addition, the computer code
will enable the user to perform analyzes to determine the most important hydrograph by sorting the
performance of the responses based on the similarity to the ideal answer (TOPSIS). Although piping
failure is more likely for an embankment dam, the hydraulic conditions of the failure was performed
for three scenarios and the results of zoning of velocity and depth for the minimum and maximum
roughness conditions were presented and discussed. For Tabarakabad dam, the approximate time for
the flood wave to reach the urban area was a maximum of 2 hours, while it is estimated to be about 45
minutes to 1 hour for the Cahcahe dam. The height of the flood front will be about 15 to 20 meters for
both dams, which will inevitably cause serious damage to agricultural land and buildings in this area.
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