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ABSTRACT

To predict the flood after a dam failure, many computational and empirical approaches have been
developed throughout history. All those includes a certain number of parameters and are intended to help
engineers in quick estimates and planning more detailed studies. In this article we aimed to evaluate the
different empirical formulas proposed by researchers to estimate the outflow peak dambreak situations and
compare the results in two different case studies, the overtopping and piping failure of Jurumirim and
Chavantes dams. In this study, Hec-Ras software was implemented and used as reference to calculate the
discharge peaks. Considering the large amount of available formulas, a statistical analysis where employed
to evaluate and classify the results. Finally, the pertinence and range of application of the formulas is
discussed.

Keywords: Dam break, flood propagation, Hec-Ras computational modeling, dam safety, rupture
parameters.

1 INTRODUCTION

To minimize the losses associated with the failure of a dam, the National Dam Safety Policy of 2010 requires the
elaboration of the Risk Plan involved (ANA, 2010). The Risk Plan includes estimating the potential impacts of a
dam disruption and the Emergency Action Plan (EAP) for projects under construction. The EAP contains
information such as the inundation maps and the procedures to be performed in cases of emergency (Lauriano,
2009). Its execution is based on the forecast and calculation of maximum flooded levels, water velocities and
maximum discharges resulting from the rupture. With the objective of reducing human, infraestructure and
biodiversity losses by doing a number of anticipated activities. On the other hand, in order to guarantee the safety
of hydraulic structures, the Brazilian Dam Safety Law requires a constant update of the Dam Safety Manual
(ANA, 2016) which describes the dam safety inspection procedure. That is why it is more than justified the need
to develop useful tools to classify the hazard, plan emergency actions, map and assess the risk (Graham, 1998).
One of these tools is the modeling of the full effluent of the dam rupture using empirical, mathematical and
computational approaches. Computational modeling uses mathematical models and computation techniques.
The use of computational models has shown to be an important tool for predicting hydraulic and hydrological
phenomena. A computational model is the Hec- Ras software which requires little input data and presents a
simplified view of one-dimensional constant flow studies, unidimensional and bidimensional unsteady flow
calculations, sediment transport / moving bed calculations and modeling of temperature and water quality for a
complete network of natural and/or artificial channels. Furthermore, it is free and works with small simplifications
of the Saint Venant equation, using an implicit method of finite difference, which provide a high degree of
precision and reliability (Mbajiorgu, 2017). Hence, this work will use the Hec-Ras software and formulas
proposed by researchers in the area, to estimate the peak flow from a dam rupture by Piping and Overtopping.
You will need the help of this HecRas software to simulate the rupture of the dam in a non-permanent 1-D flow
regime. The calculation processes for the study of emergency scenarios will result in information about the
characteristics of the gap, formation time and peak flow with the respective rupture hydrographs. In addition, with
the flow analysis we will be able to identify the flooding areas and the time of arrival of the flood wave at points of
interest located downstream from the dam.

Thus, this project aims, mainly, to identify and predict the scope of some of the effects of the rupture of the
Jurumirim and Chavantes dams through a reliable computational modeling, which in this case will be the Hec-
Ras software.

2 METHODOLOGY
The formulas proposed by various authors were compiled and organized to calculate the peak flow (Figure 1)
and be compared with the results obtained by the Hec-Ras software. This software will have as input data the
geometric information of the cross section of the dam, the breach, and the river channel (Figure 2). However,
these results will vary depending on boundary conditions and gap geometry. So, we can divide the results
generated into 4 categories:
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« Jurumirim Dam with rupture by Overtopping
* Jurumirim Dam with rupture by Piping
* Chavantes Dam with rupture by Overtopping

» Chavantes dam with piping rupture
Figure 2: Implementation of the HEC-RAS software in Chavantes dam and
3  FIGURES Jurumirim dam. Source: FCTH.
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Figure 3 and Figure 4. Degree of uncertainty between the results provided in each case by
the HEC-RAS software and those generated by the proposed in formulas in Jurumirim dam.
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4 RESULTS AND CONCLUSIONS

From the results obtained we can conclude that (Figure 7) (Figure 8) and (Figure 9), in the Jurumirim dam, the
most accurate formulas in all cases are the formulae proposed by Froehlich (1995B) and Singh (1996). Second,
the formula proposed by Mohamed (2001) 1 is accurate in most of the cases analyzed. Third, the formulas
proposed by the U.S. Army corps of Engineering, by Macchione, by Costa (1985) 2 and by MacDonald (1984)
are met in some cases.

On the other hand, in the case of the Chavantes dam, the most precise formula in all cases is the one proposed
by Pierce (2008)3. Second, the formula proposed by Evans (1986) and MacDonald Enveloped equation (1984)
is fulfilled in most of the cases analyzed. Third, in some cases of Piping rupture there are the formulas of Xu and
Zhang (2009), Costa (1985) enveloped equation, Hagen (1982) and MacDonald (1984).
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