5.  The Cohesive Sediment Transport Model

5. The Cohesive Sediment Transport Model                                                                                                                  29
__________________________________________________________________________________________


5.1 General Description
The simulation of cohesive sediment transport is performed solving the 3D-advection-diffusion equation in the same sigma-grid used by the hydrodynamical model. The transport model is called by the main program after each half time step, using fluid velocities and eddy diffusivities calculated by the hydrodynamical model. Numerically, horizontal transport is solved explicitly, while the vertical transport (including settling) is solved imlicitly for numerical stability reasons. At each half time step, the inversion of a tridiagonal matrix is performed using the Thomas algorithm. This model was developped by the investigation group of Prof. Ramiro Neves (Cancino and Neves, 1998).
The erosion algorithm is based on the classical approach of Partheniades (1965). Vertical sediment transport between layers is a function of vertical diffusion, vertical flow and sediment settling. The hydrodynamical model computes the former two factors. Settling velocity depends on flocculation processes and is calculated as a function of the concentration (Dyer, 1986). Deposition is modelled as proposed by Krone (1962) and modified by Odd and Owen (1972). Properties of the bed are assumed to be constant (e.g. consolidation is ignored). The sediment properties used by the model are those of fine (or cohesive) sediments (particle diameter less than 64 (m), found by calibrating the model (see Chapter 6), starting with values from the literature.  

The total mass of suspended sediments can change only due to fluxes across the estuarine boundaries (open boundaries and bottom) and a zero flux condition is used at the free surface. The fluxes across the ocean and river  boundaries are to be imposed using field data. The fluxes across the bottom interface are a function of the concentrations calculated by the model, of the hydrodynamics and of the bottom sediment properties. The model considers two fractions of cohesive sediments, bottom sediments (lying on the bed) and suspended sediments. 

Bottom sediments (kept in the accumulation matrix) constitute the erodable sediment layer, lying on the solid bottom (defined by the bathymetry file). To reproduce correctly the spatial and temporary variations of fine sediments in the estuary, it is important to initialize the accumulation matrix correctly, since bottom sediments are not homogeneously reparted in the estuary (see §2.3). Finer sediments usually occur in deposition zones, i.e. typically in shallow areas with low currents, while coarser sediments are to be found in deeper or high energy zones, where fine sediments are not allowed to deposit outside slack water periods. Thus, in order to avoid high erosion rates in high-velocity regions without fine sediments, in these regions a zero bottom concentration of fine sediments is imposed. 

To delimitate the regions where these finer sediments occur (deposition areas), a cold start over a spring-neap tide cycle (two weeks) was performed, with a thick layer of fine sediment laid over the whole bottom of the estuary. From the accumulation matrix erosion/deposition zones can be identified. Since fine sediments do not deposit in erosion areas, the bed concentration of these areas is initialised zero. In this way ‘unexisting’ resuspension of fine sediments in those areas is avoided, while the model will still resuspend the fine sediments that will deposit there a posteriori during slack water periods. This method was succesfully applied for the first time with the present model by Leitão, P.C. (1998) to the Sado estuary and significantly improved the results.
To simulate longer periods the horizontal spatial resolution was diminished to 600 m. Vertical discretisation are three layers in sigma-coordenate. 

Layer
Thickness in % of the water column height

1 (Bottom)
10

2
30

3 (Surface)
60

Figure 7.   Vertical Discretisation

Longer periods can thus be simulated but the model loses some precision in small-scale phenomena. This option has been taken because of this aspect to be less important than longer term simulations, since available data are too poor to permit a thourough calibration of the model.
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Figure 8.     Bathymetry (71 (76 cells) used by the model. 

5.2  Discretisation

5.2.1. Advection-Diffusion

General Equation and explicit terms :
The transport equation (3.11) :
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with velocities u, v, w and diffusivities (H and (V calculated by the hydrodynamical model, is integrated over the cell volume to yield :

· for the left hand side :
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· for the advective terms (“convective flux”):
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· for the horizontal diffusion (“diffusive flux”) :
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this gives the following equation :
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to which, for the bottom layer, a bottom flux term has to be added to TICOEF3 :
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The concentration C at time t is multiplied by the ratio of the volume of the cell at time t to the volume of the cell at time t+1/2(t,  since cells are redefined in each half time step.

Calculation of Implicit terms (Vertical diffusion and Settling):

The left hand side of the former equation is :
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with
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This equation is solved implicitely with the Thomas algorithm, inverting the system of equations for the whole watercolumn in the following form :
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5.2.2. Calculation of sediment Fluxes

Sedimentation flux

The sedimentation flux in the transport equation is calculated as 
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with for the settling velocity (3.14 and 3.15):
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In the transport equation, the term FLUXSED = - AreaXY*WS appears, which is multiplicated by the concentration in the Thomas algorithm, to yield the sedimentation flux.

Deposition flux 

The time rate of sediment deposition per unit bed area is calculated as (3.19) :
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where (D is the critical stress for deposition and ( the bed shear stress. In the transport equation, FLUXSED (bottom interface) = - AreaXY*WS*(1-(/(D) appears, which is multiplicated by the bottom concentration in the Thomas algorithm, to yield the deposition flux in a bottom cell.

Erosion flux

Erosion is only calculated if sediments are available on the bed, i.e. is the accumulation is positive (see also first paragraph). The time rate of sediment erosion per unit bed area is calculated as (3.16) and (3.17) :
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Surface boundary condition

To satisfy the zero flux condition (3.13) :
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both terms are put to zero in the program.

5.3  Program Structure
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The main subroutine called by the Euler Module is TRANSP_COESIVOS :
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In the subroutine FLUXOS_SED_3D the settling velocity is calculated, and erosion and deposition fluxes in each bottom cell, as described above. The settling velocity is afterwards converted to a settling flux in each W-cell. These fluxes, together with the boundary conditions at ocean and river boundaries are then used in the eulerian transport module TRANSPORTE_new, to calculate the transport of the sediments. EVOLUI_FUNDO can be used to update the bathymetry with the calculated accumulation = deposition – erosion = Area((D – E)((t/2 in each half time-step.
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