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Implementation of an erosion law in TELEMAC-2D:
a way to predict the characteristics of a breach?
C. Laroche, M. Alquier
CETE Méditerranée
Aix en Provence, France
christophe.laroche@developpement-durable.gouv.fr
An erosion law was implemented in TELEMAC-2D to
estimate the new bottom elevation between two consecutive
time steps.

Abstract—The feasibility of the implementation of an erosion
law in TELEMAC-2D has been investigated to represent a
dike failure by overtopping. This work is part of the french
research project LEVEES.
Results from this implementation were compared with results
from the internal coupling between SISYPHE and
TELEMAC-2D.

We decided to use the erosion law defined by
Partheniades [1], which gives the erosion rate as a function
of effective shear stress ( τ − τ c ) and a detachment rate
coefficient ( k d ).

The first stage of the breach formation process is correctly
represented with both methodologies. But it is not the case for
the widening.

ε = k d × (τ − τ c )

After listing the various phenomena responsible for the
widening, we discuss the experiences and the opportunities to
implement them in TELEMAC-2D.

(1)

- k d is the detachment rate coefficient of the material
(erodibility factor) (m3/N.s)
- τ c is the shear threshold (Pa)

I.

This law gives information on the erosion of a cohesive
material but not on deposits downstream.

INTRODUCTION

One goal of the LEVEES research project is to prove that
fluvial dike failures by overflow can be correctly
represented. This would mean that it is possible to predict the
final width and depth of the breach, if a breach occurs.

The shear stress τ is calculated using the following
formula:

The slope I of the water surface is approximated using
the Manning-Strickler formula:

First, we present the methodology applied to implement
the erosion law in TELEMAC-2D. Then we detail the case
study and we compare our results with results obtained with
SISYPHE. Finally, we discuss further developments and
some limits of our implementation.
II.

(2)

τ = ρ ∗ g ∗h∗I

To model the soil erosion process of earth-fill and
homogeneous embankment dikes, we opted for the bidimensional model TELEMAC-2D (V6P1 version) coupled
with an erosion law.

V = K s ∗ Rh

2

3

∗I

1

2

(3)

The Hydraulic radius Rh is considered to be equal to the
water level (h) and the norm of the velocity (V) can be found
easily using u and v.

METHODOLOGY

Finally, the erosion law uses the characteristics of the
flow given by TELEMAC, the Strickler coefficient ( K s )
and the material's characteristics τ c and k d .

A. Principle
TELEMAC-2D, a widely used open-source program in
engineering, is used to simulate free-surface flows in two
dimensions of a horizontal space. TELEMAC-2D solves the
Saint-Venant equations using in our case the finite-element
method and a computation mesh of triangular elements. At
each point of the mesh, the program calculates the depth of
water and the two velocity components.

At each time step t, TELEMAC 2D determines h, u and v
at every point of the mesh, using the bottom elevation. These
data enable us to determine at every point of the mesh, if
there is any erosion and, if it occurs, the value of the erosion
( ε × dt ).
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Using this value, we can determine the new bottom
elevation of each point of the mesh, which is used by
TELEMAC 2D to calculate h, u and v at the consecutive
time step t+dt.
Furthermore only the wet points of the mesh (h > 0) are
erodible. This implies that:
•

On one hand, with this method we can represent
simultaneously the breach and the scour hole which
grows at the rear of the breach.

•

On the other hand in this way, it is impossible to
represent the widening of the breach. Indeed,
assuming a constant flow, the erosion concentrates
the overflow on one part of the dike and the lateral
sides of the breach cannot be eroded because the
effective shear stress is null.

Figure 1. Profil of the dike and channel

B. Implementation
We focus on earth-fill and homogeneous embankment
dikes, so the characteristics of the overbank and
embankment materials are considered to be the same.

To fix the position of the breach, we cut a notch, in the
middle of the dike crest, 20 cm deep 18 m wide (Fig. 2).
The size of the mesh is 3 meters in the breach. Then, the
size of the mesh increases gradually to reach 50 meters.

The characteristics of the embankment material depend
on the humidity and compaction of the material [2], but in
our implementation they are kept constant.
In this paper, the widening of the breach is not studied,
because first tests are not conclusive. With our method, only
the vertical erosion (of the breach and the overbank) is
represented, so the concentration of the overflow on one part
of the dike could create a very deep erosion channel. To limit
this phenomenon, the minimum altitude of the points of the
mesh was fixed at 2.5 meters, which is the altitude of the
bottom of the riverbed close to the dike.
To reduce computational time the domain on which the
erosion law is applied is smaller than the total mesh.
In this configuration, the results from our implementation
could easily be compared with the results from SISYPHE.
This comparison will be done at the end of this paper.
III.

DESCRIPTION OF THE CASE STUDY

A. Geometric and hydraulic description
We considered a channel with a 0.1 % slope, a
trapezoidal section 20 m wide at the bottom and 26 m at the
surface.

Figure 2. Mesh in the area close to the notch

The dike is 6 m wide at the crest and 14 m at the base. It
is placed on the left bank, 4 m back (Fig.1).

The model of turbulence used is the one with a constant
viscosity of 0.005 m/s².

The overbank has the same slope as the channel. It is
2 km long and 1 km wide.

The Strickler friction coefficient is fixed at 20 m1/3s-1.
The flood lasted, approximately, 78 hours. On this
hydrograph, the overflow starts at t = 5400 s when the flow
reaches 205 m3/s (Fig. 3).
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(Fig. 5) whereas the dike made out of the moderately
erodible material resisted several dozen hours (Fig.6).
The dike made out of the more resistant material is not
breached despite an overflow for several dozen hours.
The resistance to breaching of the materials proposed by
the model with our method is in accordance with the
erodibility of the materials proposed in [3] and presented in
Fig. 4.
For all sets, the development of the scour hole is
consistent with the development of the breach.
The moderately erodible material (Set 2, Fig. 6) verifies
the fact that the erosion begins at the same time at the base of
the downstream face and at the downstream crest of the dike.
Then it appears at the upstream crest. The average vertical
erosion rate of the upstream crest is 0.5 cm/h whereas it is
1.5 cm/h for the downstream crest.

Figure 3. hydrograph upstream of the breach

B. Choice of the physical characteristics of the dike and the
overbank material.
We tested three materials, an easily erodible one (Set 1),
a moderately erodible one (Set 2) and a resistant one (Set 3):
•

Set 1 : K d = 10 −5 m 3 /( N .s ) and τ c = 0.1 Pa

•

Set 2 : K d = 10 −7 m 3 /( N .s ) and τ c = 10 Pa

•

Set 3 : K d = 10 −8 m 3 /( N .s ) and τ c = 50 Pa

The erosion is much more rapid for set 1 since the
average erosion rate is 1.9 m/h.

The erodibility of the materials is considered from Fig. 4.

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

Figure 4. Erodibility of the materials based on

kd

and

τc

parameters

according to [3]

To represent the scour hole downstream of the breach,
only the dike and the area of the overbank less than 750m
away from the breach were included in the erodible domain.
A 40m wide strip (centered on the breach) of the land
between the river and the dike is considered erodible as well.
IV.

RESULTS

Figure 6. time evolution of the erosion (set 2)

A. Results with our implementation
The dike made out of the more erodible material is
completely breached one hour after the start of the overflow
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About 50 minutes after the beginning of
the overflow

The velocity field in red is represented
with constant magnitude
About 1 hour and 15 minutes after the
beginning of the overflow

About 1 hour and 45 minutes after the
beginning of the overflow

About 11 hours after the beginning of the
overflow

Our implementation

SISYPHE

Figure 7. Comparison between our implementation and SISYPHE – easily erodible material (set 1)
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This means, that we would be able to represent
phenomena such as:

B. Influence of the mesh size
We used the model with a much finer mesh around the
breach and the scour hole (1m); the erosion was very similar
to the one previously obtained but the erosion rates were
significantly higher: 3.3 m/s compared to 1.9 m/s (for set 1).

•

For the moderately erodible dike (set 2), the rates were
almost doubled. Consequently half of the dike’s height was
therefore eroded.

The undercutting and the collapse of the breach sides
(mass failure), which can be considered as
continuous erosion process (undercutting) combined
with discrete erosion process (mass failure).

•

The sliding of the breach sides, which is a discrete
erosion process.

The discharge through the breach (m3/s) is mainly
unaffected by the change of the mesh.

•

The headcut erosion, which can be observed on the
outward face of the dike for cohesive material.

This test shows that our results depend on the mesh size.

During the widening, more than one of these phenomena
must be considered, as in [4] and [5]. We suppose that, in
order to represent correctly the widening, the most important
phenomena are the undercutting and the collapse of the
breach sides. We didn’t find any reference in the literature
about the implementation of these phenomena in
TELEMAC-2D. We just find some references about the
implementation of the sliding of river banks [6] in
TELEMAC-2D and in SISYPHE (subroutine maxslope).
Thus, we will develop our own methodology to represent the
undercutting and the collapse of the breach sides.

C. Comparison with SISYPHE
In another test, we used the internal coupling between
SISYPHE and TELEMAC-2D, the coupling period is equal
to 1 and without slope effect. SISYPHE is used with a not
erodible bed in the entire channel, the overbank upstream the
dike isn’t erodible and the dike neither, excepted close to the
notch. Only the set 1 was used to compare results between
SISYPHE and our method. This comparison shows that:
•

•

The final breach width is about 15 meters with
SISYPHE and 17.5 meters with our method. The
difference concerns only one element length.

However, some questions remain:

In Fig. 8, the discharges through the breach are
similar. The maximum discharge estimated by
SISYPHE is about 120 m3/s, with our method it is
about 110 m3/s (Fig. 8).

With our method, the dike is more rapidly eroded, as
Fig. 7 shows.

•

What is the mesh size to use to predict accurately the
erosion rate of the dike?

•

What is the influence of the turbulence model and
which one must be used?

•

Is the finite elements scheme relevant in this case?
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