
FINAL REPORT PROGRAM LEFE 

Program LEFE/ MANU Project title: 

MODSED 

Years 2015 – 2016 

PI: Chauchat, J 

Julien.chauchat@univ-grenoble-alpes.fr, LEGI  

Participating Laboratories: IRSTEA, 3SR 

Other funding sources: CMIRA COOPERA (region ARA), 

labex TEC21 (UGA) 

Context  
     Sediment transport is a major process for the morphological evolution of fluvial and coastal systems, 
important components of the critical zone. As a result, the ability to predict sediment transport is a major 
societal issue for the management of natural systems in order to limit and prevent the impacts of extreme 
events in the context of climate change and anthropogenic pressure. 

Objectives / scientific questions  
     The objectives of the MODSED project were to develop a hierarchy of innovative sediment transport models 
based on the two-phase flow approach together with novel experimental data to serve as guidelines to test 
these models. The scientific questions that have been addressed are (i) What are the relevant intergranular 
stress models for continuum sediment transport approaches? (ii) What are the mechanisms of turbulence 
modulation and turbulence –particle interactions under intense sediment transport regime? (iii) How can we 
represent these mechanisms in continuum and discrete sediment transport models ? 

Main results  
     During this project, we have established the constitutive law of the granular medium in intense sediment 
transport regime, the so-called sheet flow regime, by using a discrete particle simulation model that explicitly 
resolve granular interactions (Eulerian-Lagrangian approach). This constitutive law has been implemented in a 
continuous two phase flow model in which the granular phase is treated as a complex fluid (Eulerian-Eulerian 
approach). Different turbulence models have been tested under sheet flow regime, including Large Eddy 
Simulation. By analyzing the resolved turbulent kinetic energy budget, we have demonstrated that the very 
strong turbulence damping observed in the experiments is due to turbulent drag dissipation and not to 
sediment-induced density stratification as usually admitted. In the discrete Eulerian-Lagrangian model, we have 
developed an eddy interaction model capable of reproducing the turbulent sediment suspension in turbulence 
averaged models. 
     The numerical developments have been carried out in two open-source platforms and are available to the 
scientific community: the Eulerian-Eulerian model has been implemented in OpenFOAM 
(https://github.com/SedFoam/sedfoam) and the Eulerian-Lagrangian model has been implemented  in YADE-
DEM (https://yade-dem.org/).  
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Fig 1 and 2 illustrate the two main scientific results obtained during the MODSED project. Fig 1 shows the shear 
to normal stress ratio, or friction coefficient, as a function of the inertial number, for realistic bedload transport 
simulations. The Shields number ranges from incipient motion to 0.7, and particle diameters has been varied 
from d = 3mm to d = 12mm. The black line represents the best fit obtained using the mu(I) granular rheology 
originally developped for dry granular materials. In fig 2., the vertical structure of the resolved fluid Turbulent 
Kinetic Energy (TKE) budget under sheet flow conditions corresponding to Shields number 0.44 for PMMA 
particles having a diameter of d = 3 mm. The different lines correspond to the turbulent production (solid curve, 
measurement: circle symbols), total turbulent dissipation rate, viscous and subgrid, (cross symbols), drag-
induced dissipation rate (dashed curve), pressure work (dash-dotted curve) and other transport terms (dotted 
curve). This figure shows that, in these conditions, the peak of TKE productions is balanced by drag dissipation 
and not by viscous and subgrid dissipation. Sediment-induced density stratification, represented by the pressure 
work, is negligible in this configuration. 

 

Future of the project :  

Following the MODSED project, the ANR PRCE SegSed (PI Frey, IRSTEA) has started in 2016 on grain size sorting in 

sediment transport. In this projec,t we further extend the Eulerian-Lagrangian model developed during MODSED  

to deal with bi-disperse mixtures. Our goal is to better understand grain size segregation mechanisms and their 

influences on sediment fluxes and bed morphological evolution. 

In 2018, J. Chauchat submitted an ANR JCJC that has been accepted for the 2nd round. This project focuses on 

sheet flow and aims at acquiring experimental datat to develop more acuratesub-grid closures for two-phase 

flow Large Eddy Simulation. The scientific objective is to better understand the role of fine-scale turbulence-

particle interactions in sediment transport. 
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