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Abstract— COURLIS numerical code has been developed in 

order to calculate sediment transport, erosion and deposition. 

This numerical tool is used to simulate the effects of reservoir 

operations as emptying or flushing. COURLIS is based on a 

coupling between MASCARET (hydrodynamic) and a sediment 

component which allows calculation for sand and silt. 

Calculations with COURLIS on test cases are compared with 

experimental data. Eventually the capability of the code is 

illustrated with an example of reservoir emptying. 

I. INTRODUTION 

Sediment transport and deposition in reservoirs is a 
worldwide subject of interest [1]. There may be impacts 
downstream and upstream of dams. In the French valleys, the 
filling of reservoirs depends on the production of sediment 
from the watersheds; it can be large and may be composed of 
gravel and/or silts. Hydroelectricity operators as EDF, have 
to take into account sediments when operating dams, 
therefore they need ways to predict the consequences of dam 
operations on sediment transport and reservoir morphology. 

During emptying operations, one should avoid sediment 
erosion and downstream sediment output in order to mitigate 
water quality degradation. Reversely, flushing operations aim 
at eroding sediments from reservoirs to maintain or increase 
their storage capacity and/or prevent flooding upstream the 
dam. In such operations, the release of sediments to the 
downstream reach may be significant [1] and should be 
controlled [7]. There are different ways of predicting the 
downstream impacts of such operations, it often relies on 
experience, nevertheless numerical modeling could be used 
with relevant results.  

This paper describes the use of a one dimensional 
sediment transport numerical model, COURLIS, to simulate 
reservoir operation or sediment transport in rivers. COURLIS 
is a one dimensional code for fine sediment transport 
modeling, it has been developed at EDF for more than 20 
years, it is a component of the open-source TELEMAC-
MASCARET system (www.opentelemac.org). 

First, the basic principles of COURLIS are described. Then 
calculations with COURLIS on test cases are compared with 
experimental data. Eventually the capability of the code is 

illustrated with an example of reservoir emptying. The 
emptying of Tolla reservoir shows how numerical modeling 
can be used to assess the sediment release and to define an 
optimal emptying scenario.   

II. COURLIS NUMERICAL CODE 

A.  Overview of COURLIS 

COURLIS numerical code allows the computation of one 
dimensional flow and the sediment transport of mud and 
sand. COURLIS is based on a coupling between the hydraulic 
open-source component MASCARET which solves the 1D 
shallow water equations [3] and the sediment component 
which handles sediment processes. Both hydraulic and 
sediment components could be coupled at each time step, i.e. 
the hydraulic variables are calculated for a fixed bed then the 
bed evolution is calculated. If the hydrodynamic varies 
slowly, the user could define a less frequent coupling, for 
example coupling every ten or more hydraulic time steps. 
Details about the implemented equations can be found in 
previous papers [1] or [5], the following paragraphs give the 
main principles of the code. 

B. Sediment transport, erosion and deposition modeling 

 Sand and cohesive sediment are dealt separately. For 
both type of sediments a one dimensional advection-
dispersion equation is solved: 
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Where : k dispersion coefficient (m
2
/s) 

q volumic sources (kg/m
3
/s) 

Qerosion, … source terms for erosion, deposition and 

bank stability (kg/m/s) 

 
For cohesive sediments, Partheniades (1961) and Krone 

(1962) empirical formulae are used to calculate erosion and 
deposition fluxes respectively: 
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Figure 6.  Emptying scenario: (scenarii A, B, C : 2.36, 10 and 20cm/h in 

the beginning and then 20cm/h of the lowering ; scenario D : first 10cm/h  

and then 50cm/h), (a)  level variations and (b) output concentrations. 

 

 

Figure 7.  Emptying calculations (10cm/h) for different upstream 
discharges. 

As the upstream discharge remains a source of 
uncertainty (there is no way of controlling it during the 
operation), we investigated the effect of the upstream 
discharge. Calculations were performed with mean monthly 
and daily discharges, and quartiles 10 and 90 of daily 
discharges, Q10 and Q90, Figure 7. The value of the upstream 
discharge clearly affects the results: the lower the discharge, 
the lower the total eroded mass and the higher the maximal 
output concentration. The calculation with Q10 induces a 
maximal output concentration of 13g/l and an output total 
mass of 2600t whereas the calculation with Q90 leads to a 
maximal concentration of 7.2g/l and an output mass of 9000t. 

Even if a higher discharge increases the quantity of eroded 
sediments, the dilution effect induces a smaller output 
concentration. 

V. CONCLUSION AND PERSPECTIVES 

The cases presented in this paper illustrate how numerical 
modeling of sediment transport with COURLIS is used as a 
reliable tool to predict the effects of dam operations on 
sediment transport.  Besides, these cases highlight the need 
of good quality field data sets to perform numerical 
modeling. Measurements made during dam operation and 
comparisons with calculated values would have improved the 
reliability of the numerical results. Unfortunately, no data are 
available so the numerical results must be analysed with 
cautiousness. They only allow a qualitative comparison of 
the scenarios. 
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