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Breach modelling by overflow with TELEMAC 2D: comparison with largescale experiments
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Abstract. An erosion law has been implemented in TELEMAC 2D to represent the surface erosion process to
represent the breach formation of a levee. We focus on homogeneous and earth fill levee to simplify this first
implementation. The first part of this study reveals the ability of this method to represent simultaneously both
formations of the breach and the scour hole at the rear of the levee. The resistance or no of the levee seems consistent
with the resistance of the soil material given by a standard classification. But this first part has showed that the lateral
development of the breach cannot be represented. In the second part of this study, a simply widening of the breach
method based on continuous surface erosion process, has been implemented. The comparison with large scale
experiments which has been made, shows that both dynamics of the breach formation and the width are not correctly
estimated with the only one surface erosion process. Further developments have to be done to integrate the headcut
erosion process and mass failure as sliding of the sides of the breach or undercutting.

1 Introduction
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2 How define the features of the failure
of a levee?
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3 The guidelines of our methodology
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4 Preliminary applications
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Figure 1. Erodibility classification based on kd and tc
according to [7]




Figure 2. Mesh around the position of the breach
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4.1 Geometry and hydraulic description
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Figure 3. Input hydrograph on the channel



4.2 Results
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About 50 minutes after the beginning of the
overflow



About 1 hour and 15 minutes after the
beginning of the overflow
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At the end of the simulation

Figure 4. Evolution of the erosion of the embankment and the foundation during the overflow (set 1)
The velocity field in red is represented with a constant magnitude



Figure 5. Time evolution of the erosion (set 1)



Figure 7. Time evolution of the erosion (set 2)
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Figure 6. Comparison of breach hydrographs (set 1)
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5
Comparison
experiments

with
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5.2 Large scale experiments used

large-scale
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5.1 Lateral development method
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Figure 8. Principle of the lateral development method

           
                 
      
              
             
       
                
 




Figure 9. Time lines of observed erosion width, reservoir water
surface elevation and hydrographs for experiment 1
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A model with a constant viscosity of 0,004 m²/s is used.
5.3 Results
5.3.1 Comparison with experiment 2
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19 hours after the beginning of the overflow (c)

Figure 10. (a)/(b)/(c) ): Time evolution of the breach formation
for experiment 2 according to [10]

In our results, we can see in figure 11, a final
erosion of the downstream face of the embankment. The
maximum erosion depth is 0,46 m on the foot of the
downstream face. Regarding the experiment results, this
erosion is very limited. During the stage I, only one rill
occurs without overfall and the stage II does not seem to
have been reached in our results.
Our results represent only the erosion due to the
contact between the material and the flow, which is also
called surface erosion process. The soil property effects
as headcut process have to be integrated in our method to
correctly represent the dynamic of the breach formation.
Hence the calculated erosion rate of the embankment is
broadly underestimated.
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2 hours after the beginning of the overflow (a)

12 hours after the beginning of the overflow (b)

Figure 11. Top view and cross-section results for experiment 2
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5.3.2 Comparison with experiment 1
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38,5 minutes after the beginning of the overflow (d)

Figure 12. (a)/(b)/(c)/(d): Time evolution of the breach
formation for experiment 1 according to [10]
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5,5 minutes after the beginning of the overflow (a)

14,5 minutes after the beginning of the overflow (b)

Figure 13. TELEMAC 2D and observed data comparison and
top view results for experiment 1

29,5 minutes after the beginning of the overflow (c)
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     the evolutions of the breach
width, as we can see in figure 13, presents a real gap.
Even if the beginnings of the widening could be
considered similar, when the downstream face of the
levee is completely eroded, the calculated width cannot
increase. At this moment, the flow is completely fixed on
the gully and without geometric and material property
effects, the width of the breach cannot increase.
To improve the assessment of the width of the breach and
its dynamic, we suppose these kinds of processes can be
used:
R *        
        
 
R *        
       
R *           
     


4               
     %3            
        #&

Figure 14. TELEMAC 2D and observed data comparison
for experiment 1
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6 Discussions
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7 Outlooks
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