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> Experiments are reproduced in Delft 3D to simulate suspended sediment transport in aquatic flow
» The three selected approaches represent the flow field better than suspended sediment transport
» The “3D vegetated” approach is the best one in reproducing fine sediment deposition

Overview

The presence of vegetation increases the water depth, reduces the
flow velocity and changes the turbulent structure of the flow
influencing the sediment transport capacity (Purich 2006 and Nepf
2012). Because of it, vegetation can be regarded as a geo-enhancing
tool that influences the river morphology by preventing erosion, but
also as a filtering tool that improves the water quality by removing
fine particles from the flow. The physical processes inside the flow-
sediment-vegetation interaction have been investigated in the last
decades. Theoretical models simulating the effects of vegetation on
flow field and morphodynamics have been developed and applied
using different software, such as Delft 3D (Crosato and Saleh 2011
and Best et al. 2018). Most studies focused on large-scale issues
assuming sediment to be transported as bedload, whereas
suspended solids processes have received less attention.

This work aims to compare the performance of 2-dimensional (2D)
vegetation modelling approaches implemented in Delft 3D in
reproducing the interaction between suspended solids and the flow
in vegetated channels. The comparison is based on a set of flume
experiments (Sharpe 2003) with emergent plants represented by
rigid cylinders. Three approaches are considered in this study: the
Baptist approach, based on the assessment of roughness
coefficients; the 3D vegetated approach including some effects of
turbulence; and a detailed description of the flow with each rigid
cylinder being represented by either a dry point or described by thin
dams around it. The flow is calculated by shallow water Navier-
Stokes equations and the suspended sediment transport is
calculated as advection-diffusion equations.

After a proper roughness coefficient calibration, the results shown
that all the three approaches perform well in reproducing the flow
field. However, only the detailed description (Dry Point and Thin
Dam) approach can describe the flow field around the rigid stems.
The three approaches can well reproduce the longitudinal distribution
of sediment deposition with the calibrated settling velocity. For the
deposition in transverse direction, the 3D approach performs the
best, the detailed description approach can only partly reproduce the
distribution, whereas the Baptist approach, based on the assumption
of uniform flow between the plants and high vegetation density, can’t
reproduce any differences in sediment deposition in transverse
direction. The results of validation emphasize the impact of
turbulence on suspended sediment transport through vegetated
channels.
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Results

Each approach needs a specific calibration of Manning coefficient, drag coefficient and horizontal eddy
viscosity. The calibrated values are determined by minimizing the relative root mean square error
(RRMSE) between measured and modelled water depths (Table 1). All the three approaches show high
accuracy in water depth prediction. About the detailed description, the results are the same for the Dry
Point and Thin Dam approaches.

Table 1. Calibrated parameters for three vegetation modelling approaches
Vegetated modelling approach

Calibrated parameter Baptist 3D vegetation Dry Point and Thin Dam
Value RRMSE Value RRMSE Value RRMSE
Bottom Manning coefficient
0.021 0.087% 0.021 0.087% 0.021 0.087%
(s/m'®)
Drag coefficient 1.15 0.257% 1.35 0.440%
Horizontal viscosity (m%s) 10 10 0.00008 0.290%

The velocity and water depth distributions obtained with the Baptist and the 3D vegetated approach are
uniform, because these approaches do not consider the single cylinders. However, the detailed
description allows obtaining that the water flow passes around each stem leading to local differences in
water depth and velocity (Fig. 1).
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Figure 1. the section of water depth distribution in a Dry Point model

As in Sharpe’s experiments, sediment is added to the flume after getting uniform flow conditions.
Morphodynamic calibration is obtained by adjusting the value of the settling velocity based on the
comparison between the computed longitudinal sediment deposition to the experimental data.

The different approaches result in different distributions of sediment deposition. It is uniform when using
the Baptist approach. However, for the 3D vegetated and detailed description approaches deposition is
higher near the walls than in the central area. More specifically, the distribution obtained with the 3D
vegetated approach is symmetric (Fig. 2a), which is in accordance with the experimental observations.
Instead, the sediment deposition is asymmetric for the detailed description approach (Fig. 2b).
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Figure 2. Sediment deposition distribution obtained with (a) the 3D vegetated approach and (b) the detailed description approach
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Conclusions

The 3D vegetated model approach can be regarded as the best one in reproducing suspended solids
transport in aquatic systems at the flume scale. However, the sub-grid turbulence may impact the
accuracy of the results with respect to sediment deposition.
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