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(a) Purpose of study or research hypothesis

 Pollutants resulting from human activities are fatal threat to securing water quality and usage of water
resources. To prepare water pollution accidents, river managers need to have accurate information of
concentration curves to establish strategies of hydraulic structures control. In this study, the two-
dimensional particle dispersion model (PDM) was used to improve estimation results of mixing behaviors
in rivers.
 
(b) Key issue(s) or problem(s) addressed

 One of obstacles for obtaining accurate simulation results is the storage zone created by vegetation.
Pollutants crossing the vegetation are trapped and gradually released to flow region. These results make
skewed concentration-time curves which raise difficulties to anticipate mixing behaviors of polluted
water. Thus, the conventional advection-dispersion model based on the Fick’s law is not sufficient to
simulate pollutant mixing in these vegetated flows.

(c) Methodology or approach used

 In this study, the pollutant mixing simulations in the emergent vegetated flow were conducted using the
PDM. The PDM was developed based on the physical interpretations of shear dispersion and calculates
pollutant mixing from two sequential computations of shear translation and vertical mixing. In the shear
translation step, introduced pollutant particles were transported by the vertically skewed shear flow,
which was generated from the theoretical velocity formulas. In this study, the power law was adopted to
reproduce the shear flow in the emergent vegetation.

Two-dimensional pollutant mixing simulations were conducted in the vegetated channel using the PDM
and the results were compared with the conventional advection-dispersion model (ADM). For the
simulation of pollutant mixing, the depth-averaged flow fields in both cases were simulated using the
HDM-2D, and the flow fields in vegetation were calculated by manipulating the roughness coefficient.

(d) Results or conclusions derived from the project



The flow analysis results show that the velocity magnitude within the vegetation decreased compared to
the non-vegetated region. Thus, the pollutant was slowly dispersed, and the concentration-time curves
show almost symmetric distributions in both cases. After passing out the vegetation, the curve using the
PDM shows long tail, whereas the ADM still provided symmetric curves. These differences were
occurred because the PDM incorporated the dispersion process by the vertical deviations of velocity.
Thus, the PDM was able to reproduce the pollutant trapping in the vegetation and reproduced anomalous
concentration curves that occurred due to the imbalance between the shear advection and vertical
diffusion.

(e) Implications of the project relevant to congress themes

The proposed model shows more appropriate simulation results in the vegetated flow than the
conventional advection-dispersion model. Thus, the error of concentration curves induced by the storage
effects of vegetation would be reduced, and more accurate calculations of concentration curves will lead
to safe usage of water resources.
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