
1 INTRODUCTION

Sediment transport and river morphology studies
have gained increasing importance in recent years
due to environmental concerns and the need to de-
velop engineering and management strategies for
sustainable use of water resources and associated in-
frastructures (Yang 2000). Evaluating the transport,
erosion and deposition of sediments is a key element
for describing and understanding the behaviour of
rivers. Given that, considerable research effort has
been put into the simulation of sediment transport
and morphology change in rivers. A lot of computer
programs have been developed in the last decades.
These models provide numerical solutions for com-
plicated situations that include movable bed and
sediment transport. Most of the codes that were de-
veloped in the past decades, like HEC6 (Thomas &
Prashum 1977), IALLUVIAL (Karim & Kennedy
1982) and SEDICOUP (Holly & Rahuel 1990), were
built on a one-dimensional approach.

RubarBE described here is a one-dimensional
flow and sediment transport model that has been de-
veloped by Cemagref in order to solve as simply as
possible the requirements of engineers about river
problems.

This paper is organised as follows. First, a gen-
eral description of the concepts and approaches used
in RubarBE is provided. Then, several applications
of the model are presented to illustrate its capabili-

ties and range of applications. First, the model is
tested on problems with theoretical solutions and on
laboratory experiments, and then applied to field
problems. The results of the numerical simulations
are analysed and discussed.

2 DESCRIPTION OF RUBARBE

One-dimensional sediment transport models tend
to be easier to parameterise and require fewer as-
sumptions about sediment transport processes than
two-and three-dimensional models (Candfield et al.
2002). The Hydrology and Hydraulics Research Unit
of Cemagref has developed a 1-D model, RubarBE,
for predicting variation of longitudinal bed profile
along rivers and changes in the cross-sectional ge-
ometry. This computer model has two components:
a component to simulate the flow and a component
to characterise the changes in river morphology due
to erosion or deposition of sediment.

Classical one-dimensional models that represent
sediments only by a mean diameter D50 clearly do
not fully describe the processes that occur in many
channels such as armouring. Therefore, RubarBE
represents sediments by a mean diameter D50 and a
complementary parameter, the standard deviation S.
The standard deviation is assessed as the square root
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selected as it appears convenient to describe grain
size distribution in a river for which sediments are
homogeneous (Shih & Komar 1990).

RubarBE includes features such as:
• Computing unsteady flow in open channels

with both fixed and movable bed and dealing
with sub critical and super critical flow re-
gimes.

• Taking in account the space lag effects by
introducing a specific equation.

• Introducing various empirical relationships
for calculating the sediment transport capac-
ity in order to adapt the modelling to the
characteristics of the application.

• Incorporating empirical relations to describe
the mixtures of sediments that occur during
the various calculation steps.

• Computing the distribution of boundary
shear stress in a cross-section by using the
Merged Perpendicular Method (Khodashenas
1998, Khodashenas & Paquier 1999).

• Computing the distribution of boundary criti-
cal shear stress in a cross-section by a rela-
tion from (Ikeda 1982).

• Simulating both the changes of riverbed
composition and of cross-sectional geometry
using the previous components of the code.

Data requirements for this model are modest, in-
volving only a few parameters. Thus, the model is
relatively easy to calibrate and to implement.

2.1  Mathematical basic model
RubarBE model relies on:

De Saint Venant equations for water.

Continuity equation for sediments written as
follows:
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where As is bed-material area (m2), Qs is sedi-
ment discharge (m3/s), qs is lateral sediment flow per
unit of length (m2/s) and p porosity.

These equations are completed by a sediment
transport capacity formula; for instance, the
(Meyer-Peter & Müller 1948) formula for bedload
has been used for the applications here below:
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where Cs is sediment transport capacity (m3/s), θc
is dimensionless critical stress, D50 is median di-
ameter of sediment (m), J is friction slope, La is the
active width (m) i.e. the width in which sediment
transport is effective, ρs is density of sediment
(kg/m3), ρ is density of water (kg/m3).

Finally, a space lag equation can be added to in-
troduce a difference between the sediment transport
capacity and the actual transport rate that may differ
if geometry is not uniform. In RubarBE, the actual
sediment transport rate Qs is linked to the sediment
transport capacity Cs through the following relation:
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where Dchar is the lag distance (m).

De Saint Venant equations are solved by a sec-
ond-order Godunov-type explicit scheme (Paquier
1995). If the parameters in the sediment transport
function for a cross-section can be assumed to re-
main constant during a time step, we can suppose
that there is a little variation of the cross-sectional
geometry (Yang & Simoes 1998). Thereby, sedi-
ment routing (equation 1) can be uncoupled from the
water surface profile computations. In practice, this
condition can be met by using a small enough time
step.

Sediment routing is accomplished by a similar fi-
nite difference method. Changes in bottom level are
performed at every time step. Solving the equation
(1) means estimating at every time step, the input
and output of sediments for one cell and spreading
the erosion or deposition volume across the cell.
Values of the cross-sectional flow area A and flow
discharge Q are computed at the middle of a cell
between two cross-sections. Thus, it is simpler to
compute Qs also in this middle and to identify it with
respectively input and output of sediments if the
sediment cell is shifted by half a space step (Balayn
2001).

2.2  Sediment modelling system
Inside one cell, a sedimentary compartment cor-

responds to a set of sediments that have a coherent
behaviour. We distinguish four compartments:

• A compartment Mam of input sediments and a
compartment Mav of output sediments.

• A compartment A of the active layer: it con-
tains all the sediments that have moved in-
side one cell during one time step. Sediment



particles are continuously exchanged be-
tween flow and the active layer.

• A compartment B of one or several substrate
layers: it reflects historical deposition of
sediments on the riverbed or undisturbed
subsurface.

Sediment particles of each compartment are char-
acterised by the mass M, the mean diameter D and
the standard deviation S. Thus, in a cell, the sedi-
ment transfers are schematised as in Figure 1 (Ba-
layn 2001).

When sediment particles pass across a cell, they
either reach the downstream of the cell, or settle on
the active layer. Entrainment of sediment particles
from the active layer and its exchanging with flow
causes particles travelling from upstream to be
mixed with those from the active layer.

Figure 1. Representation of the sharing of sediments inside one
cell (Balayn 2001)

τfm is the shear stress below which transported
sediment particles begin to deposit. τmm is the shear
stress above which sediment particles begin to
move.

The mass of the active layer depends on the
sediment discharge, the sediment velocities and the
dimension of the cell. The model assumes that this
mass is defined by Cs*∆x/U, where Cs is the sedi-
ment transport capacity, ∆x is the space step and U
the mean water velocity.

The characteristics of the sediments resulting
from the mixing or the sharing of two compartments
are defined in the model by empirical relations (Ba-
layn 2001).

2.3 Computation of cross-section deformation
RubarBE computes the deformation of cross-

sections is computed with the assumption that scour
and deposition are directly related to shear stress.
The distribution of boundary shear stress around the
wetted perimeter of an open channel is governed by
cross-sectional geometry, roughness distribution and
the existence of secondary flows. Precise computa-
tion of shear stress distribution is extremely difficult
in one-dimensional models. Thus, empirical methods
constitute a good alternative.

RubarBE can calculate the boundary shear distri-
bution τj in a cross-section in two ways: either from
the uniform equation using water volumetric density
ρ, gravity acceleration g, hydraulic radius R and en-
ergy slope J (τj=ρgRJ, R is computed on the base of
the total area and perimeter of the flow) or from the
Merged Perpendicular Method. The first method as-
sumes that the boundary shear stress is constant
around the wetted perimeter. The second one is a
geometrical method that assumes that the energy
gradient is the same in all the sub areas. More pre-
cisely, it shares the wetted area in small sub areas
using the lines perpendicular to the bottom following
a complex procedure described in (Khodashenas
1998, Khodashenas & Paquier 1999).

RubarBE can calculate the boundary critical shear
distribution τci in a cross-section by a relation from
(Ikeda 1982):
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where cjτ critical shear stress in point j of the
cross-section with slope βj, cjτ  critical shear stress in
point j for horizontal bottom (βj =0°) (which may
vary from one point to an other one, considering, for
instance, the riverbed material), βj local side slope of
cross-section in point j, α=FL/FD, FL and FD are re-
spectively dimensionless lift and drag forces, φ angle
of internal friction of sediment. For the tests here
below, the following value is selected α=0.85; cjτ  is
calculated by the Shields curve.

The mass of sediment eroded or deposited in one
cross-section obtained by the computation is distrib-
uted along the section. RubarBE incorporates vari-
ous empirical relationships between deformation and
shear stress. In the case of erosion, the deformation
∆Zj of an erodible point j of one cross-section is as-
sumed to be proportional to (τj-τcj)1.5. In the case of
sedimentation, deposited sediment in one cross-
section can be distributed in three ways:



• The cross-section is adjusted in horizontal
layers.

• The entire wetted cross-section is moved uni-
formly up.

• The deformation ∆Zj of a “deposit” point j is
assumed to be proportional to (1/τj).

3 APPLICATION CASES AND RESULTS

3.1  Theoretical cases

3.1.1 Knickpoint migration
Knickpoint are points of sudden change or inflec-

tion in the longitudinal profile of a stream. In gen-
eral knickpoint may migrate upstream along the
channel and have undesirable effects, such as caus-
ing banks collapse and undermining bridge piers.
Thus, knickpoint development and propagation is a
very interesting phenomenon to study.

The simulated channel has a rectangular section,
300 m long × 10 m wide by 4 m deep. The knick-
point is represented by a backward-facing step in the
bed with a slope of 0.01 m/m. The upstream and
downstream reaches have a slope of 0.001 m/m. The
bed material and sediment feed are composed of the
same coarse sand and channel width is constant. Ta-
ble 1 shows the main characteristics of the simula-
tion.

Table 1. Characteristics of the simulation
Water dis-
charge Q

Manning
coefficient
K

Sediment
Diameter
D50

Standard
deviation
S

Sediment
feed rate
Qs

m3/s m1/3/s mm kg/s
20 30 1 2.3 17.6

The flow discharge is maintained constant. The
sediment feed rate Qs is specified as the sediment
transport capacity of the upstream and downstream
reaches. On the downstream side, it is assumed that
the flow acted like uniform outflow.

The porosity p of the bed material is assumed to
equal to 40 %, the sediment density ρs to equal to
2600 kg/m3 and the angle of internal friction of
sediment ϕ to equal to 30°.

The central riverbed will suffer from degradation.
Theoretically, in dynamic equilibrium, the slopes of
the three parts of the channel are expected to equal
to 0.001 m/m.

The simulation is accomplished with a uniformly
spaced mesh, using cross-sections spaced 10 m
apart. The lag distance Dchar is assumed to equal to 1

m. The initial condition for sediment transport is
Qs=17.6 kg/s. The distribution of the boundary shear
stress is calculated by τ=ρgRJ. The dimensionless
shear tress θc is assumed to equal to 0.047.

Figure 2 shows the initial bed with the equilib-
rium bed and the water surface profile. The channel
is in dynamic equilibrium 280 hours after the start of
the simulation. RubarBE was able to predict well the
scour depths and the final equilibrium slope (0.001
m/m). There is an overall close agreement between
the theoretical solution (a constant riverbed slope of
0.001m/m) and the result of the simulation.
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Figure 2. Initial bed, computed equilibrium bed and water sur-
face

3.1.2 Irregular straight open channel

Usually, natural channels are characterised by an
irregular cross-section. An irregular straight open
channel of uniform cross section (Fig. 3) is selected
to validate the performance of the code. The simu-
lated channel is 1000 m long and the channel bed
slope is 0.0001 m/m.

Figure 3. Channel cross-section

The bed material and sediment feed are composed
of the same coarse sand. Table 2 shows the main
characteristics of the simulation.

Table 2. Characteristics of the simulation
Water dis-
charge Q

Manning
coefficient
K

Sediment
Diameter
D50

Standard
deviation
S

Sediment
feed rate
Qs

m3/s m1/3/s mm kg/s
300 45 1 2.3 29
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The flow discharge is maintained constant. The
sediment feed rate Qs corresponds to the sediment
transport capacity of the simulated channel. The
downstream water level is fixed at a constant value
of 108.066 m.

The porosity p of the bed material is assumed to
equal to 40 %, the sediment density ρs to equal to
2600 kg/m3 and the angle of internal friction of
sediment ϕ to equal to 35°.

For this application, a constant space step ∆x of
100 m is used. The lag distance Dchar is assumed to
equal to 50 m. The initial condition for sediment
transport is Qs = 14.5 kg/s. The distribution of the
boundary shear stress is by the Merged Perpendicu-
lar Method. The dimensionless shear tress θc is as-
sumed to equal to 0.047. The deformation ∆Zj of a
“deposit” point j is assumed to be proportional to
(1/τj).

Figure 4 shows the initial bed as well as the
channel bed profiles at different times. The channel
is in dynamic equilibrium 200 days after the start of
the simulation. RubarBE is able to predict both the
deposition heights and the advance of the deposition
front. However, the numerical results show an
“inflection” in the longitudinal profile located at x =
910.9 m. This slight change in the bed profile could
be due to the influence of the downstream boundary
condition and the distribution of sheer stress at x =
910.9 m. The channel bed slope upstream from the
“inflection point” is about 0.000175 m/m.

Figure 4. Initial bed and computed channel bed profiles at dif-
ferent times

Figure 5 shows the evolution of the cross-section
at x = 1000 m.. In a concave angle of a cross-
section, computed shear stress by the Merged Per-
pendicular Method is lower than in a convex angle.
Thus high deposition is observed in the concave an-
gles of the channel

Figure 5. cross-section deformation: a) x = 0 m, b) x = 1000 m

The evolution of the riverbed profile and the
cross-sectional geometry is affected by the methods
used to compute the boundary shear stress. A nu-
merical simulation is performed with the assump-
tions that the shear stress distribution is calculated
by τ=ρgRJ and the boundary critical shear distribu-
tion computed from the Shields curve (the (Ikeda
1982) relation is not used).

SIM-1 refers to the simulation with the Merged
Perpendicular Method and (Ikeda 1982) relation;
SIM-2 refers to the simulation with τ=ρgRJ and
critical shear distribution from the Shields curve.
Figure 6 shows the dynamic equilibrium beds re-
sulting from the simulation SIM-1 and SIM-2. SIM-
2 shows less deposition in the channel bed; the dif-
ference between SIM-1 and SIM-2 is about 0.15 m.
The equilibrium bed profile computed by SIM-2 is
not affected by the boundary condition: a constant
slope of 0.000175 m/m is obtained through the
channel bed.

Figure 6. Initial bed, computed equilibrium bed

3.2 Laboratory experiment
While theoretical cases deal with long-term be-

haviour, the selected test case provides testing of
very unsteady flow during a short period.

This test case concerns an experimental small-
scale laboratory dam-break waves over movable



beds. The experiment was performed by (Spinewine
2002) in the framework of the EC-funded IMPACT
project at the Department of Civil and Environ-
mental Engineering, Université Catholique de Lou-
vain, Belgium. The objective is to investigate the
geomorphic impacts induced by very rapid and tran-
sient floods such as those resulting from dam-
breaks.

An idealised dam-break problem is considered
(Fig. 7). A horizontal flume of rectangular cross-
sectional geometry is used. The flume has the fol-
lowing dimensions: length = 2.5 m, width = 0.10 m
and sidewall height = 0.35 m.  The reservoir is as-
sumed to be long and has the following dimensions:
length = 10 m, width = 0.10 m and sidewall height =
0.35 m. Particles composing the bed are uniform in
size.

X 

h0 

Gate 

h1 

0 

Reservoir 

Figure 7. Idealized dam-break problem, h0 and h1 are the initial
depths upstream and downstream of the dam before failure.

The sediment diameter is D50 = 3.5 mm and the
standard deviation is σ = 1. The porosity p of the
bed material is assumed to 36 %, the sediment den-
sity ρs to 1540 kg/m3 and the angle of internal fric-
tion of sediment ϕ to 25°.

The Strickler coefficient K was derived from the
particle diameter through the classical Meyer-Peter
and Müller formula: 6/1

1.21
DK= =54 (m1/3/s).

Tests consisted in the sudden opening of a verti-
cal gate that separated the initial water and sedi-
ments levels upstream and downstream of the gate.
Due to highly unsteady nature of dam break flood
propagation; the flume and the reservoir were de-
scribed through a dense grid of cross-sections. Two
constant space steps are used: ∆x = 5 cm and ∆x =
20 cm. A smaller space step allows obtaining the ar-
rival of the flood wave in a more accurate way. A
larger space step allows describing the transition
between super and sub critical flow (hydraulic jump)
more conveniently.

The origin of the horizontal axis is located at the
gate position. The initial conditions for this case are
h0 = 0.10 m if x <0 and h1 = 0 m if x ≥0, where x is
the distance along the flume. The total time of the
simulation is 2 second. The initial condition for
sediment transport is Qs = 0 kg/s.

On the upstream side (x =-10 m), a constant depth
of water h = 0.10 m is imposed. On the downstream
side (x= 2.5 m), it is assumed that the flow acted like
critical outflow. The upstream sediment condition is
Qs= 0 kg/s. The time step is variable, but it is chosen
so that the maximum Courant number of every cell
does not exceed a limited value imposed by the
model. The simulations were run for two values of
maximum Courant numbers (noted CFL): 0.5 and
0.1.

For this test case, the distribution of the boundary
shear stress is calculated by τ=ρgRJ; the dimen-
sionless shear tress θc is calculated by the Shields
curve.

For all the runs, the results show that in the near
field, rapid and intense erosion accompanies the de-
velopment of the dam-break wave. In the far field,
the solid transport remains intense but the dynamic
role of the sediments decreases (Figs. 8-9). The flow
loses its capacity, the transported material is depos-
ited.

Figure 8. Bottom level: ∆x = 5 cm, Dchar = 1 m, t= 2s

Figure 9. Bottom level: ∆x= 20 cm, Dchar = 1 m, t= 2s

Instabilities of calculations were observed during
the numerical tests. Results of simulations depend
on the grid spacing, the CFL (Figs. 8-9) and Dchar
values (Fig. 10). Instabilities are more marked in the
case of CFL = 0.1. The difference of accuracy be-
tween the numerical results increases in the far field
(Fig. 11).



Figure 10. Bottom level evolution with spatial lag Dchar: ∆x =
20 cm, CFL = 0.5, t = 2s

Figure 11. Bottom level evolution: Dchar = 1 m, CFL = 0.5, t =
2s

The numerical simulations take in account only
the bedload transport. This assumption may be re-
strictive in the modelling of flood or dam break
events, where suspended load is important. Added
numerical tests were carried out, in which the di-
mensionless critical shear stress θc was supposed nil.
Similar behaviour is obtained with non-nil critical
shear stress (Fig. 12).

Figure 12. Bottom level evolution with nil or non nil critical
shear stress: ∆x = 20 cm, Dchar = 1m, CFL= 0.5, t = 2s

Experimental data are compared to the numerical
results. CEM-1 refers to the simulation with a space
step of 20 cm, Dchar = 1 m and CFL = 0.5; CEM-2 to
the simulation with a space step of 20 cm, Dchar = 1

cm and CFL = 0.5 and CEM-3 to the simulation with
a space step of 5 cm, Dchar = 1 m and CFL = 0.5.

Figure 13 shows the comparison concerning the
front characteristics: the time of front wave arrival is
smaller with the RubarBE model. This behaviour
can be explained by influence of the hypothesis and
approaches used by RubarBE (average velocity, hy-
drostatic pressure…).

However, it must be noticed that the closest ap-
proximations to the experimental data seem to be for
the numerical CEM-3, i.e. space step of 5 cm, Dchar
= 1 m and CFL = 0.5. At the same cross-section the
difference between the arrival times is around 0.15 s.
The shape of the experimental wave front is quite
similar to the numerical profiles and small grid
space step provides better estimate of arrival time of
the flood wave.

Figure 13. Front characteristics

The channel friction could affect significantly the
propagation of the front wave. A Manning friction
coefficient of 0.0185 s/m1/3, derived from the di-
ameter of the riverbed material, was selected. The
influence of the wall friction was neglected. Then, a
sensitivity analysis was carried out. Two different
Manning coefficients are tested with the simulation
CEM-3. Figure 14 shows that the celerity is quite
dependent on the friction coefficient introduced in
the numerical model. The agreement between ex-
perimental data and RubarBE simulation (CEM-3) is
quite improved with a roughness of 0.02 s/m1/3 in-
stead of 0.0185 s/m1/3 in the previous simulations.



cFigure 14. CEM3: front characteristics with different values of
roughness

Figures 15a, b, c show the water levels evolution
at three cross-sections: x =- 0.25m, x = 0.00 m and
x=0.25 m. Computed water levels agree with ex-
perimental data except slight differences observed
upstream from the gate. In the reservoir, the closest
approximations to the experimental data seem to be
for the numerical simulation CEM-3. The simulation
CEM-1 provides accurate approximations to the ex-
perimental data upstream from the gate. At gate lo-
cation, the water levels evolution is underestimated.
Flow is critical at the gate; decoupled model is in-
herently less stable than the coupled model in the
case of Froude numbers vary close to unity, and they
may need a special treatment of time step (Cui et al.
1996)

Figure 15. Water levels evolution: a: x = -0.25 m, b: x = 0.00
m, c: x = 0.25 m,

Beyond the high concentrations of sediment that
invalidate the hypothesis of one single phase (see
here below), the differences between calculation and
experimental results are due to the highly 3-D nature
of the dam-break wave for which some of the St.
Venant hypothesis (small bottom slopes and curva-
tures, hydrostatic pressure and uniform velocity dis-
tribution in the cross section) are certainly not veri-
fied.

Figures 16a, b, c show the bottom position at
three cross-sections: x =- 0.25 m, x = 0.00 m and x =
0.25m. Significant discrepancies between numerical
and experimental results are observed through the
reservoir and the channel.

b

a
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b



c
Figure 16. Bottom levels changes: a x = -0.25 m, b x = 0.00 m,

c x = 0.25 m

The use of the Exner equation and of a maximum
sediment transport capacity does not integrate the
presence of a mixture of water and sediments in high
concentration. This assumption but may be restric-
tive in the modelling of flood or dam break events.
The use of another method for calculating the sedi-
ment transport seems to be necessary to take into ac-
count high concentration transport.

3.2.1 3. Field application: Miribel channel

This field application consists of sediment trans-
port and morphologic changes in the Miribel chan-
nel. This channel is located north from Lyon in
France. A geomorphologic survey was carried out in
the Miribel channel by (Malavoi 2000).

This case schematises the sediment transport in
the channel after closing a former excavation in
1990. This pitch of about 400 000 m3 is located in
the upstream reach of the channel near the “Thil”
village. Since sediments are trapped in this pitch,
materials cannot be carried away from the upstream
reach to the downstream one. As a consequence, im-
portant erosion was observed in the surrounding
reaches.

The Miribel channel has a nearly rectangular sec-
tion, is 16 km long and 85 m wide. The pitch is ap-
proximately 2 km long and the channel slope is
about 0.00065 m/m. The bed material and sediment
feed are composed of the same material. Table 3
shows the main characteristics of the simulation.

Table 3. Characteristics of the simulation
Water dis-
charge Q

Manning
coefficient
K

Sediment
Diameter
D50

Standard
deviation S

Sediment
feed rate
Qs

m3/s m1/3/s mm kg/s
850 26 25 2.3 144.7

The flow discharge Q is maintained constant for a
period of 20 days. The sediment feed rate Qs is
specified as the sediment transport capacity of the
upstream and downstream reaches. On the down-
stream side, it was assumed that the flow acted like
uniform outflow.

The porosity p of the bed material is assumed to
equal to 30 %, the sediment density ρs to equal to
2650 kg/m3 and the angle of internal friction of
sediment ϕ to be 35°.

The channel is described through a grid of cross-
sections: a constant grid spacing ∆x = 100 m is used.
The lag distance Dchar is assumed to equal to 1 m.
The initial condition for sediment transport is Qs =
144.7 kg/s. The distribution of the boundary shear
stress is calculated by τ=ρgRJ. The dimensionless
shear stress θc is assumed to 0.047. In the case of
sedimentation, deposited sediment in one cross-
section is distributed in horizontal layers across the
channel width.

Figure 17 shows the evolution of the bed profile
and free surface with time. The model predicts the
progression of scour as well as deposition in the ex-
cavation. The evolution of the Miribel bed is con-
trolled by the deposition of sediments in the pitch.
The natural passage of sediments through the chan-
nel is interrupted by the pitch: sediments are washed
into the excavation causing the bed upstream to
erode. Downstream of the excavation the bed is low-
ered as the flow picks up energy on leaving the hole.
At the end of the simulation, the deposition rate in
the pitch is about 3 m.

Figure 17. Miribel channel: initial bed, computed equilibrium
bed and water surface.

4 CONCLUSIONS

RubarBE is designed to simulate single flood
event and long-term scour and/or deposition.
RubarBE assumes that equilibrium conditions are
not necessary reached within each time step; the in-

Bed of channel

Free surface



fluence of unsteady conditions during flood events is
taken in account through a loading equation.

This paper shows some examples of applications.
The model can be used for applications to engineer-
ing problems, such as knickpoint migration. In the
case of dam-break waves, the use of the Exner
equation and of a maximum sediment transport ca-
pacity does not integrate the presence of a mixture of
water and sediments in high concentration. This as-
sumption is valid for long-term simulations of bed
aggradation or degradation, but may be restrictive in
the modelling of flood or dam break events. The use
of other methods for calculating the sediment trans-
port seems to be necessary to take into account high
concentration transport.

RubarBE is in stage of continuous development
and improvement. A decisive step was to integrate
the calculation of the distribution of the shear stress
in the transversal direction and various relationships
between deformation and shear stress (Paquier &
Khodashenas 2002). Next step should be the valida-
tion of the modelling of graded sediment. However,
there is still no provision for simulating the devel-
opment of meanders and the effect of bed forms.
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