Abstract

A fully-3D finite volume barotropic model system for hydrodynamics and fine suspended sediment transport, using the finite volume approach, is described. The hydrodynamic model is based on the hydrostatic and Boussinesq approximations, and uses a vertical sigma coordinate with a staggered grid and a semi-implicit two-time level numerical scheme. The simulation of cohesive sediment transport processes is performed solving the 3D- conservative advection-diffusion equation, in the same grid used by the hydrodynamic model. Flocculation, erosion, settling and deposition of sediments on the bottom are represented by means of basic empirical formulations parameterized by field data. 

The model is calibrated for the mesotidal, well-mixed Tagus estuary in Portugal by simulating tidal flows and suspended sediment transport. Results show good agreement (r > 0.8) between the numerical predictions and the corresponding field measurements. 

Results of the application of the calibrated model to the Tagus estuary, without considering density effects, are presented, and the dynamics of fine suspended sediments in the Tagus estuary are discussed. The Tagus estuary is characterised by considerable fortnightly and semi-diurnal fluctuations in turbidity, caused by a cyclic variation in strength of the bottom currents, which determines the erosion - deposition cycle, in particular of the large intertidal areas (about 40 % of the estuary) and the intensity of the turbidity maximum, located in the upper estuary. One of the conclusions of this work is that the formation of the turbidity maximum is principally produced by barotropic effects. This effect may be amplified by the residual flow associated to the density gradient (net flow upstream in the lower layer, net flow downstream in the upper layers). 

