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ABSTRACT 

The Rhine is the largest river discharge of the North Sea, and has considerable ecological impor­
tance as a source of nutrients and pollutants. While much of the Dutch coastal zone is intensively 
monitored, it is difficult to perform measurements within the first few km of discharge, a region 
of very high horizontal and vertical gradients, which influences strongly the fate of freshwater 
and riverborne material. A fine resolution 3D hydrodynamic model, MU-ROFI, has been 
developed to simulate the flow in this initial discharge zone. The model is described briefly and 
a first set of model results is presented and discussed. The process of front formation and 
associated downwelling on the upstream (with respect to the tide) boundary of the freshwater 
plume, switching from the South to the North boundary as the tide turns, is illustrated. 
Qualitative comparison with CTD and airborne remotely sensed measurement indicates that 
such a behaviour is realistic, at least in conditions of low wind and Neap tide. 

1. Introduction 

The study of the hydrodynamics of freshwater 
plumes, is motivated by the need to understand the 
physical processes which govern the transport of 
suspended and dissolved matter discharged by 
rivers. The Rhine plume is of particular ecological 
significance, since, with an average flow of about 
2200 m 3 s - 1

, it is the largest river discharge of 
the North Sea. Heavy metals and chlorinated 
hydrocarbons originating from industry in the 
Rhine and Meuse basins reach the North Sea via 
the Rotterdam waterway and, in periods of high 
discharge, the Haringvliet Sluice, see Fig. la. For 
example, Kramer and Duinker (1988) estimate 
that in 1979-81, the Rhine discharge through the 
Rotterdam waterway supplied an average of 37 
tonnes of cadmium and 4.4 tonnes of mercury per 
year, and Thome et al. (1992) estimate a flux of 9 
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tonnes per year of polychlorinated biphenyls 
(PCBs ). In addition to toxic chemicals, the supply 
of biological nutrients, especially nitrates and 
phosphates, affects strongly the ecosystem of the 
southern North Sea; Gieskes and Schaub (1990) 
report a high correlation between Rhine discharge 
and phytoplankton biomass in the Dutch coastal 
zone. 

Extensive measurement campaigns in the Dutch 
coastal zone have generated considerable knowl­
edge of the hydrographic structure of the region, 
especially at long time scales (relative to the 
mesoscale) and to the North of Hoek van Holland. 
For example, de Ruijter et al. (1992) studied the 
annual average circulation and found alongshore 
northward residual current driven by winds, and 
an onshore bottom residual current arising from 
an estuarine cross-shore circulation. Simpson et al. 
(1993) observed semi-diurnal and semi-monthly 
periodic stratification in the Rhine ROFI (Region 
of Freshwater Influence) arising from variability in 
the tidal mixing. De Kok (1992) has used a 3D 






















