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Abstract

A model has been developed to investigate in-river sediment and phosphorus dynamics. This advective-dispersive model is
coupled with hydrodynamics and sediment transport submodels to simulate suspended sediment, total dissolved phosphorus,
total phosphorus, and particulate phosphorus concentrations under unsteady flow conditions. It emphasizes sediment and
phosphorus dynamics in unsteady flow conditions, in which the study differs from many previous solute transport studies,
conducted in relatively steady flow conditions. The diffusion wave approaximation was employed for unsteady flow
simulations. The first-order adsorption and linear adsorption isotherm model was used on the basis of the three-layered
riverbed submodel with riverbed sediment exchange and erosion/deposition processes. Various numerical methods were tested
to select a method that had minimal numerical dispersion under unsteady flow conditions. The responses of the model to the

change of model parameter values were tested as well.
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Fig. 1. Schematic of mass exchange processes in the sediment bed model.
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Fig. 2.

Comparison of numerica schemes: (@) the boundary conditions of flow rate and solute concentration at the upstream

end of the domain, (b) solutions by the BTBS method with different grid distances at 20 km downstream, and (c)
solutions by the Lagrangian implicit method (LI), the Lagrangian explicit method (LX), and the MacCormack
method (MAC) with different grid distances at 20km downstream.
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Table 3. Conditions and Model parameters for the test simulations (For the ssimulation 1, all the parameters were fixed to the
middle vaues except the one on the testing in each test)

Conditions and Parameters Simulation 1 \ Simulation 2 \ Simulation 3
Channel dimension Length =55 km, Width=20 m, Slope = 0.0007
Inflow flow rate, m*® s* 16
Groundwater inflow rate, m® sec 0
Inflow SS conc., mg L™ 10
Inflow TDP conc., mg L™ 1
Manning coeff.n 0.04
Maximum porosity =, 0.3
Diffusion coefficient of class 1, &, m’ sec” 05
Linear adsorption coeff. k. m’ kg® 0.01, 2.5, 5.0 2.5 2.5
Parent layer thickness bprt, m 0.1, 1.0, 2.0 1.0 1.0
First-order kinetic rate coeff., k, sec™ 1.0x10%, 1.5x10°, 3.0x10° 15%x10° 15%x10°
Mass transport coeff. k,, m sec™ 1.0x107, 25x10°, 5.0x10° 25x10° 25x10°
Available sediment fraction at parent layer fj:,“ 0.05 0.001, 0.05, 0.1 0.05
Initiadl TP concentration at parent layer TPj,jO, mg L™ 0.05 0.05 0.001, 0.05, 0.1
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