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Eutrophication has become a problem facing most of the rivers, lakes and reserv
oirs in our country. An overabundance of nutrients and vigorous growth of phyto
plankton along with the decrease of dissolved oxygen can have a significant inf
luence on water degradation. In this paper, theoretical analysis and numerical
modelling were applied to investigate the effects of water flow and sediment tr
ansport on the nutrient and phytoplankton dynamics in natural water bodies, and
to improve the existing eutrophication model based on the results. The impact
of flow and sediment movement on sediment-water nutrient fluxes was investigate
d by means of theoretical derivation. By constructing a unified expression for
sediment—water nutrient fluxes under different controlling modes, introducing i
t into a system of partial differential equations describing nutrient transpor
t, and then analytically solving this system, we have obtained the distribution
of nutrient concentration in the overlying water and sediment, along with the
spatiotemporal variation of nutrient fluxes. The effects of bedform parameters,
water depth and sediment grain size on sediment—water nutrient fluxes were fur
ther analyzed, and the key factors that influence nutrient fluxes were identifi
ed. Hydrodynamic indexes including vertical mixing coefficients and water age w

ere introduced to analyze the occurrence of eutrophication and its potential en




gineering countermeasures. The three—dimensional hydrodynamics along with the sp
atiotemporal distribution of nutrients and chlorophyll a in the Yangtze River a
nd Xiangxi Bay were simulated using the Environmental Fluid Dynamics Code (EFD
C) model. The differences of vertical mixing coefficients and water age in the
Yangtze River and Xiangxi Bay were compared, and the correlations between chlor
ophyll a concentration and these two indexes were statistically analyzed to qua
ntify the effects of hydrodynamics on phytoplankton. The results show that in X
iangxi Bay the vertical mixing intensity is relatively weak, and water age is 1
arge implying that the transport rates and exchange capacity of water flow in t
he longitudinal direction are also relatively poor, which favors the accumulati
on of algal biomass. While in the Yangtze River there exists no stratification,
algal cells will be transported to the downstream region quickly by the water
flow with high transport rates and low water age, which prohibits the accumulat
ion of algal biomass, therefore the chlorophyll a concentration is much lower t
han that in the tributary. Furthermore, two empirical formulas that relate chlo
rophyll a concentration to water temperature and water age have been establishe
d in this paper, and they could be used to estimate the surface chlorophyll a c¢
oncentration in Xiangxi Bay. The possible countermeasure for the eutrophication
in this area was also analyzed. The ways that sediment transport affects eutro
phication were proposed to improve the eutrophication model. The existence of s
ediment can cause shading effects in the water, which directly affects the vert
ical distribution of light intensity and algal photosynthesis. Meanwhile, sedim
ent particles have a strong adsorption capacity for various nutrients especiall
y for phosphorus. Adsorbed nutrients may accumulate at the riverbed due to sedi
ment deposition, and could be released to the overlying water with sediment res
uspension, which then influences the nutrient distributions in water. In this p
aper, numerical modelling was used to simulate the velocity field and suspended
sediment distribution under various wind conditions in Lake Taihu. On the basi
s of model calibration, different scenarios were simulated to compare the distr
ibutions of phosphate and chlorophyll a under the influences of surface adsorpt
ion, shading effects and sediment flux, and to quantitatively investigate the e

ffects of water flow and sediment transport on eutrophication.
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