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ABSTRACT

INTRODUCTION

Near-bottom high-concentration effects have been identified as a major source of errors in numerical sediment
transport models, since the complex particle-turbulence interactions, which lead to drag modulation, are not taken into
account [1]. At one hand the physical processes cannot be described exactly and at the other hand the spatial and
temporal scales of these processes are too small relative to the mesh sizes and time steps used for large-scale engineering
applications.

In many (mainly older) publications, these high-concentrated suspensions are not distinguished from fluid mud.
Fluid mud is defined as a “fresh” (i.e. underconsolidated) cohesive sediment deposit, which concentration is above the
eelling point, but low enough that the network structure can easily be broken by shear or pore pressures, such that its
macroscopic flow behavior can be described as that of a thixotropic fluid. Fluid mud layers are often found in shallow
areas subjected to waves or other disturbing mechanisms (e.g. ship movement) which prevent the continuous
consolidation and compaction of these layers. The study of fluid mud is of particular importance for the damping of
surface waves, the flow resistance of high-concentrated river flows, the definition of navigable depth and various
dredging applications.

METHODOLOGY

Since the turbulence in the benthic high-concentration layer in general varies from fully-developed turbulence in the
dilute outer layer to laminar at the mud bottom, the vertical mixing is determined from the solution of a low-Reynolds .-
¢ turbulence model, except for a layer at the bottom where a low-Reynolds mixing-length model is applied. This
combination allows a solution on a coarse vertical grid.

However, for very coarse vertical grid spacing, large errors may be generated when the interpolation functions
employed by the numerical method cannot be matched with the true profile shape. This happens in particular when the
high-concentration layer is of subgrid scale thickness, as usually is the case. In order to minimize errors, it is necessary
to apply a novel approach, more related to bed load transport modeling. In the case of the tests with the K.U.Leuven
FENST-2D research code [2], which employs 2™ order finite elements, it is found necessary to compute the velocity in
the near-bottom node analytically. Likewise it is necessary to compute the values of concentration, turbulence and shear
stress analytically for the nodes at the interface between benthic ML model layer and the outer k-¢ model layers.

The determination of the necessary analytical closures and interface conditions is far from evident. Different
approaches are under investigation: theoretical derivation of equations from two-phase flow theory and semi-empirical
closures using inverse modeling of data from laboratory and numerical (LES and DNS) experiments [3]. Unfortunately,
by lack of adequate experimental data, it is very difficult to develop, calibrate and validate this methodology. Therefore,
the development thus far is based on experimental data for non-cohesive sediments (sand).

FLUID MUD MODELLING

In the case of large scale engineering studies, where waves cannot be resolved due to the coarse horizontal grid
resolution, it seems the most efficient to describe a fluid mud layer as part of the bottom model, i.c. by a (pseudo-)



poromechanic model. For this purpose, a new mud bottom model is under development which describes self-weight
consolidation following Sanford’s method [4], and is extended with a fluidization model to allow the effect of bed
strength weakening by surface waves [5].

However, in the case of wave resolving studies, such as detailed mud-wave interaction [6, 7] and nautical bottom
research, the large deformations of the fluid mud interface are best modeled by describing the fluid mud as a non-
Newtonian thixotropic fluid. As long as the mud and water layers do not mix, it is the easiest keep the layers separate
and track the interface. When erosion of fluid mud is expected, one may choose to track the yield surface. In the case of
gravity flow (mud density currents) the liquefied mud should be treated again as a concentrated suspension. These types
of simulations have not yet been realized anywhere.

CONCLUSIONS

Progress is being made in the development of an integrative modeling framework to include high-concentration near-
bottom effects and fluid mud bed response. The model will furthermore be integrated with the new flocculation model
under development [8]. This should allow us to understand the persistent presence of fluid mud in front of the Belgian
coast. In order to be able to validate the model in depth, new dedicated high-resolution experiments (including
turbulence characteristics in high-concentrated mud suspension flow) need to be carried out.
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