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Abstract

Simulation of dam failure as well as flood investigation can be used by
dam operators. In the present study, the flood zoning due to the piping of
Ghare Aghach earth dam in 3 different scenarios that lead to the failure of
the dam has been investigated in HEC-RAS software. All parameters due
to dam failure were calculated using Froehlich equations. Finally, the flow
rate calculated from Froehlich method with the observed flow rate from
HEC-RAS software was statistically analyzed. The results showed that the
highest peak flow observed due to dam failure in HEC-RAS software is
related to the third scenario and is equal to 8935.64 cubic meters per
second. However, the lowest peak flow observed due to dam failure in
HEC-RAS software is related to the first scenario and is equal to 8231.78
cubic meters per second. Linked results of HEC-RAS software with the
Google Earth model show that the highest flooding area occurred in the
third scenario and was approximately equal to 22.8 square kilometers and
the lowest flooding area is related to the first scenario and approximately
equal to 21.8 square kilometers. Correlation due to dam failure using the
Froehlich method and the observed peak flow using HEC-RAS software
equal to 0.9968 which indicates high accuracy of modeling. Calibration
and applying the linked results of the hydraulic models of failure dam as
well as HEC-RAS with GIS software can be useful in downstream flood
zoning for water crisis management.

1. Introduction

Simulation of dam failure as well as flood investigation can be used by dam operators, so prioritize the
risks provided by the models to improve public safety and reduce the possibility of dam failure is
necessary. Dams are constructed as water storage due to changes in water flow in the catchment and
electricity generation. HEC-RAS software is used in RAS Mapper environment. Ghare Aghach Dam
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with geographical coordinates as latitude of 31° 30" and longitude of 51° 32" is located in 150 km
distance from Isfahan and 13 km from Semirom city. This earth dam with a clay core, has a crest length
of 645 meters and a maximum height of 43.5 meters from the bed of the dam. The total volume of the
dam body and the volume of the central core are equal to 1300000 and 150,000 cubic meters,
respectively. The normal volume of the reservoir is equal to 21 million cubic meters, the dead volume
of the reservoir is equal to 1.2 million cubic meters and the useful volume is equal to 19 million cubic
meters. Based on soil science studies Agricultural lands of the study area are divided into 3 groups,
which include alluvial plains, plateaus and upper terraces, and alluvial-shaped pebble alluvium. In this
study, flood zonation due to piping in Ghare Aghach earth dam in 2D mode in HEC-RAS software in
RAS Mapper environment is investigated.

2.  Materials and Methods

In the present study, flood zoning due to the failure of the Ghare Aghach earth dam has been investigated
in 3 scenarios. In all scenarios, it is assumed that the arterial leakage dam has occurred. In the 3
scenarios, it is assumed that piping resulted to a hole is made at levels of 2444, 2446 and 2451 m which
led to the failure of the Ghare Aghach earth dam. In all scenarios, the parameters due to dam failure,
including the time of dam failure, lateral slope of the gap, etc. were calculated using the Froehlich
(1995) method and finally entered into HEC-RAS software and the results of flood zoning schematically
shown in RAS Mapper environment.

In order to calibrate the HEC-RAS model in some sources, considering the importance of the role of
velocity in the erosion phenomenon and also the importance of free water surface width and depth, as
effective parameters in river morphology, the model is sensitive to changes in Manning coefficient. In
this study to calibration of the Hec-RAS model, data of Tanghe zardalo hydrometric station was used.
Willems believes that in order to improve statistical studies, it is better to use several statistical methods
instead of one specific method. Therefore, to analyse the performance of the Froehlich model using
HEC-RAS software from statistical tests, 3 methods of error analysis have been considered. The first is
the Nash Sutcliffe bite coefficient, the second is the normalized root mean square error, and the third is
the correlation coefficient.

3. Results

According to the presented materials, the results indicate that Considering the Froehlich method, the
average width of the opening area in the first, second and third scenarios are 82.3, 82.5 and 82.9 meters,
respectively. The time due to dam failure in the first, second and third scenarios was estimated to be
0.749, 0.742 and 0.729 hours, respectively. If the Froehlich method is used to calculate the peak flow
due to the failure of the Ghare Aghach earth dam; in the first, second and third scenarios, peak flow of
2383.4, 2812.6 and 3940.6 cubic meters per second was occurred, respectively.

4.  Discussion and Conclusion

Using HEC-RAS software in the first scenario, 30 minutes after the start of the simulation, the failure
of the peak flow equal to 8231.91 cubic meters per second was occurred. In the second scenario, 30
minutes after the start of the simulation, the failure of the peak flow, equal to 8388.86 cubic meters per
second, was occurred. In the third scenario, 30 minutes after the start of the simulation, the failure of
the peak flow reaches to 8935.64 cubic meters per second. The results showed: in the present study, the
highest flooding area is related to the time when at the level of 2451, a hole was created from the body
of the dam and it was estimated to be approximately 22.8 square kilometers. However, the lowest
flooding area occurs if an orifice is created at the level of 2444 from the body of the dam and was
estimated to be approximately 21.8 square kilometers. The results show that the correlation of the
observed peak flow due to dam failure using HEC-RAS software and the calculated peak flow due to
dam failure using Froehlich method is equal to 0.9968. Therefore, the model has high accuracy.
According to the flow rate obtained from the relationship between Froehlich and HEC-RAS software,
it can be concluded that HEC-RAS software has a peak flow due to dam failure more than the peak flow
due to dam failure using the Froehlich method. Finally, it can be concluded that if scenario 3 occurs in
Ghare Aghach dam, more financial losses and casualties will occur than in the other two scenarios in
the downstream areas. Calibration and applying the linked results of the hydraulic models of failure
dam as well as HEC-RAS with GIS software can be useful in downstream flood zoning for water crisis
management.
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Investigation of Flooding of Downstream Lands under Different
Scenarios due to Failure of Ghare Aghach Earth Dam

Sayyed Ali Shahrezaie!, Mahdi Radfar?, Elham Ghanbari Adivi?

Abstract

Simulation of dam failure as well as flood investigation can be used by dam operators. In the
present study, the flood zoning due to the piping of Ghare Aghach earth dam in 3 different scenarios
that lead to the failure of the dam has been investigated in HEC-RAS software. All parameters due
to dam failure were calculated using Froehlich equations. Finally, the flow rate calculated from
Froehlich method with the observed flow rate from HEC-RAS software was statistically analyzed.
The results showed that the highest peak flow observed due to dam failure in HEC-RAS software
is related to the third scenario and is equal to 8935.64 cubic meters per second. However, the lowest
peak flow observed due to dam failure in HEC-RAS software is related to the first scenario and is
equal to 8231.78 cubic meters per second. Linked results of HEC-RAS software with the Google
Earth model show that the highest flooding area occurred in the third scenario and was
approximately equal to 22.8 square kilometers and the lowest flooding area is related to the first
scenario and approximately equal to 21.8 square kilometers. Correlation due to dam failure using
the Froehlich method and the observed peak flow using HEC-RAS software equal to 0.9968 which
indicates high accuracy of modeling. Calibration and applaying the linked results of the hydraulic
modeles of failure dam as well as HEC-RAS with GIS sofware can be useful in downstream flood
zoning for water crisis management.

Keywords: Dam failure, Land flooding, HEC-RAS, RAS Mapper
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