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Mathematical Model for Interactions and Transport of Phosphorus and Sediment
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Phosphorus transport in natural water plays a crucial role in ecological environment. Tr
aditional models of water quality mostly simplify such processes into some empirical par
ameters, without a comprehensive understanding of the intrinsic mechanisms. In this pape
r, the mechanisms of interactions between sediment particles and phosphorus were studied
at the micro—level. The surface morphology and charge distribution was first observed u
sing high-resolution microscopy and the statistics of micro—morphology and surface charg
e distribution was then obtained. Results show that sediment possesses complex surface m
orphology, which has great impact on the charge distribution. Positive and negative char
ges mostly concentrate on the saddle, convex and concave parts of the surface, while dis
tribute less in the groove, ridge and flat parts. And Surface charge has a good correspo
ndence with non—spherical curvature. Through the potential calculation, a statistical re
lation between surface charge distribution and surface potential was established. The su
rface complexation model was then modified using a more reasonable correction of electro
static factor to simulate the adsorption of phosphorus by sediment, including the effect
s of non—uniform charge distribution. A model of hydrodynamic—sediment—phosphorus transp
ort was established, in which the chemical and sediment dynamics were integrated to stud
y the phosphorus transport with river sediment. The phosphorus adsorption by sediment wa
s considered using the modified surface complexation modeling based on the heterogenous
surface charge distribution of natural sediment. The riverbed deformation was introduced
to analyze the deposition and release of phosphorus at the bed surface. In addition, th

e aerobic layer and anaerobic layer were distinguished to study the distribution of phos




phorus between dissolved phase and particulate phase in the active sediment layer. The p
roposed model involved the convection—diffusion, adsorption—desorption, deposition—-resus
pension, as well as other physical and chemical processes between the water and sediment
layer, which built a bridge between the micro—processes and macro—laws.A flume experime
nt was designed to study the effects of sediment on phosphorus transport and validate th
e model. Results show that the phosphorus concentration is linearly correlated with sedi
ment concentration, and the model can reasonably reflect the phosphorus transport with s
ediment. Further, the model was applied to study the interception effects of phosphorus
by the Three Gorges Project (TGP), and also the phosphorus release in the Taihu Lake. Re
sults show that over 70% of the sediment has deposited in the reservoir since the TGP fi
rst operated in 2003, resulting in more than half of the phosphorus is intercepted, whic
h has a serious impact on the ecological environment of both the reservoir and the downs
tream river. The phosphorus distribution in the Taihu Lake is affected by various dynami
¢ factors, such as wind, wave and flow. Mostly the wind and wave cause the phosphorus re
lease at the bed surface, which is a key controlling factor of water quality. And the wi
nd-induced flow is the main driving force for the phosphorus transport. The model provid

es references for solving water environment problems under natural conditions.
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