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Abstract

The subject of dam break has always been one of the most important and
favorite issues of researchers over the past years. Due to the release of a
large volume of water and its flow to the downstream areas, predicting
how the flood wave due to partial or complete dam break will be
transmitted, from the point of view of financial damage to downstream
facilities and casualties due to it is very important. Several one-
dimensional, two-dimensional and three-dimensional numerical methods
and computer models have been proposed to solve the hydraulic equations
of flow due to dam failure in open channels. One of these computer
models is the two-dimensional SRH-2D model, which is based on solving
shallow water equations, and its latest version 3.3.1 was developed
recently. This study was conducted to investigate the ability of this model
to simulate hydraulic flow due to sudden dam break.

For this purpose, the available laboratory data as well as the results of
other 2D and 3D models were used. After implementing the model, the
results were compared with the measured data and the result of previous
numerical models of sudden asymmetric partial dam break on the
frictionless bed, partial dam break with the presence of a triangular
obstruction in the downstream flow path and also two-dimensional failure
of water cylindrical column. In all cases, the present model accurately
simulated the flow due to dam failure. In comparison with the dam break
measurement data in the presence of triangular obstacles, it was shown
that the values of R?, RMSE and MAE statistics at simulation times of
1.8, 3, 3.7 and 8.4 seconds after dam break are {0.938, 0.005, 0.004},
{0.78, 0.012, 0.008}, {0.72, 0.016, 0.011} and {0.37, 0.009, 0.007}
respectively, which is more accurate compared to other two-dimensional
models.

*

1. Introduction

The subject of dam break has been one of the most important issues of interest to researchers over the
past years. The phenomenon of dam break, which is defined as the uncontrolled release of the contents
of the dam reservoir, can be due to the collapse of all or part of the dam body, immediately or gradually.
Among the influential factors in the severity of the dam break catastrophe are the depth and velocity of
the released water, so it is necessary to model the flood caused by the break of dam carefully. Two-
dimensional models have a higher accuracy compared to one-dimensional models. On the other hand,
although two-dimensional models are relatively less accurate than three-dimensional models, but due
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to a very sharp reduction in the cost of performing calculations in them compared to three-dimensional
models are practically used more. The present study was conducted to evaluate the accuracy and
efficiency of the latest version of the SRH-2D numerical model in simulating the dam break
phenomenon and also to compare its results with measurement data and the results of other two and
three dimensional models.

2. Materials and Methods

In this research, the ability to simulate the flood flow due to dam break has been investigated using the
SRH-2D model. SRH-2D software was first developed in 2006 by Yang Ji Lee through the USBR
Institute. Several improved versions of this model were released in later years. This study uses the latest
version (SRH-2D Version 3.3.1) which is presented in 2020. This model simulates flow and sediment
in two-dimensional mode. In this model, the shallow water equations (St.-Venant) have been solved
explicitly using the finite volume method. SMS software was used for meshing. Output and graphics
results can be seen in software such as TECPLOT, ECXEL, SMS and GIS. For this purpose, in this
research, TECPLOT software has been used to observe and evaluate the output results.

3.  Results
a) Simulation of partial asymmetric dam break over wet bed without friction

In this section, the asymmetric partial failure of the dam is simulated and compared with the results of
the numerical model of Fennema and Chaudhry (1990). The study area includes a rectangular canal 200
meters long and 200 meters wide with a dam in the center of this area. There is an asymmetric gap of
75 meters along the body of the dam. At the beginning of the simulation, the water depth above the dam
is 10 meters and immediately below the dam is 5 meters. The walls and bed of the model are considered
impermeable, without slope and without hydraulic resistance. Also, the boundary condition around the
area was considered as a rigid wall. The time steps for the simulation are assumed by the model to be
0.02 seconds. Figure (1-a) shows the topographic lines of the flow depth at 7.2 seconds after the break
of the dam. For comparison, Fennema and Chaudhry (1990) results are also presented in Figure (1-b).
As can be seen, the results are close to each other.

b) Dam break flow over a triangular obstacle

In this section, laboratory model measurement data Soares Fraz™ao (2002) at UCL were used. Model
specifications and initial water surface conditions are shown in Figure (2). Figure (3) shows a
comparison between the results simulated by the SRH-2d model as well as the results of two- and three-
dimensional models of Biscarini et al. (2010) with the results of laboratory data by Soares Fraz ao
(2002). The passage of water through a triangular barrier creates complex conditions due to the return
waves as a result of the water hitting the barrier in the path as well as the end wall of the canal.
Comparing the results shown in the diagram, it is clear that the two-dimensional SRH-2D model was
able to simulate the flow through the obstruction well. As shown in Figure (3-a), the SRH-2D model at
the beginning of the simulation failed to simulate the negative wave due to the collision with the
obstacle. Carefully in the results obtained by Biscarini et al. (2010) it is observed that none of the two-
dimensional and three-dimensional models presented could not simulate the initial negative wave
caused by the impact of water on the obstacle. In addition, as shown in Figure (3-b), the SRH-2D model
was able to simulate the water level well in 3.7 seconds by passing fluid flow through the obstruction
and hitting the advancing wave to the end wall of the channel. Which has provided much better results
compared to the two and three dimensional models presented by Biscarini et al. (2010).
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Figure 1. Three-dimensional view and topography lines of water surface calculated a) by SRH-2D model
b) by Fennema and Chaudhry (1990) model at t=7.2 sec.
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Figure 2. Laboratory model and initial conditions presented by Suarez and Frazao (2002)
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Figure 3. Comparison of the results of two- and three-dimensional models of Biskarini et al. (2010) and
SRH-2D model with measurement data in times a)1.8 seconds and b)3.7 seconds

c) Fluid cylindrical column break
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In this option, the break of a column of water with a radius of 800 meters, which is located in
the center of the reservoir with dimensions of 4000 meters by 4000 meters, has been
investigated. The height of the water column is 10 meters and the water depth inside the
reservoir is 5 meters (Figure 4-a). The bed is assumed to be frictionless and horizontal.

In order to compare, the water surface profiles calculated by the present model at different
times along the horizontal axis passing through the center of the reservoir (Figure 4-b) were
compared with the results of previous research. The results showed that the intensity of
artificial fluctuations in the water surface profile in the present model is lower compared to
the model of Boltzmann Liu et al. Compared to Sarvaram and Shamsai (2012) and Ghobadian
(2019) models, artificial fluctuations in flow depth have not been completely eliminated. In
some models, by applying the term of artificial viscosity, and in others, like Ghobadian model,
by increasing the number of points involved in the calculations and creating more

communication between them, these artificial fluctuations in the depth of flow have been
eliminated.
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Figure 4 - Water surface profiles calculated at different times along the horizontal axis passing through
the center of the reservoir

4.  Discussion and Conclusion

In this research, the ability of SRH-2D model to analyze the failure of concrete dams has been
investigated. For validation, three models were examined as follows: a- Simulation of asymmetric
partial failure of the dam in the wet bed and without friction b- Simulation of dam break over a triangular
obstacle in the downstream flow path c- Break of a cylindrical column of water. From the simulation
results by SRH-2D model, it was shown that this model has been able to provide very good agreement
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with the measured data and existing models. For example, in calculating water surface profiles in failure
of a dam and in the presence of a triangular obstacle, the model was able to estimate the measured data
with good accuracy at most of the recorded times. However, at some times, especially at 8.4 seconds
and downstream face of the triangular obstacle when the wave returned after hitting the end wall, there
was a discrepancy with the measured data, which could be due to the elimination of the vertical effects
of gravity acceleration in the two-dimensional models that uses shallow water equations. It is worth
mentioning that in other cases studied in this research, SRH-2D model has been competitive and even
better in simulating the sudden failure of the dam than the numerical and computer models presented
by previous researchers.
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Assessment of Efficiency of SRH-2D Model in Hydraulic Analysis of Flow
Due to Sudden Dam Break

Rasool Ghobadian?, Sajad Nikravesh?

Abstract

The subject of dam break has always been one of the most important and favorite issues of researchers
over the past years. Due to the release of a large volume of water and its flow to the downstream
areas, predicting how the flood wave due to partial or complete dam break will be transmitted, from
the point of view of financial damage to downstream facilities and casualties due to it is very
important. Several one-dimensional, two-dimensional and three-dimensional numerical methods and
computer models have been proposed to solve the hydraulic equations of flow due to dam failure in
open channels. One of these computer models is the two-dimensional SRH-2D model, which is based
on solving shallow water equations, and its latest version 3.3.1 was developed recently. This study
was conducted to investigate the ability of this model to simulate hydraulic flow due to sudden dam
break. For this purpose, the available laboratory data as well as the results of other 2D and 3D models

were used. After implementing the model, the results were compared with the analytical solution of
sudden one-dimensional dam break on the frictionless bed, partial and asymmetric dam break with the
presence of a triangular obstruction in the downstream flow path and also comparing the results of
two-dimensional failure of water cylindrical column. In all cases, the present model accurately
simulated the flow due to dam failure.

Keywords: SRH-2D model, dam break simulation, shallow water equations, partial and
complete dam break.
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