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Consideration on Matter Dispersion in Coastal Waters

Hidekazu Yasuda®

Matter dispersion due to the shear effect of currents in the coastal waters was analyzed as
one of the important mixing dilution processes, and the estimation method of the dispersion
coefficient was investigated using an idealized model. The present model is governed by the
advective diffusion equation in which the current is given as a solution of the motion
equation. The matter dispersion process in both steady and oscillatory currents with the
boundary layers is revealed through the analysis of the advective diffusion equations. The
difference in the dispersing behavior for both currents, the shear regions of which are
respectively characterized by the Ekman and Stokes layers, is also elucidated by the present
analysis. Although it is very hard to estimate the practical dispersion coefficient in the
steady current because the characteristic time of the vertical diffusion when the dispersion
coefficient converges is rather long compared to our daily life time, a practical one in the
oscillatory current was obtained in case when the dispersing matter distributes around the
boundary layer with a sharp shear because the value is determined by the thickness of the
region where the actual characteristic diffusion time is fairly short.
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Fig. 1. Model basin where the matter dispersion is
observed.
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Fig. 2. Vertical profiles of the zeroth order moment,
My(z, ), at each time when the matter is
released at the water surface(z(= z/H) =1).
The settling velocity ratio of the suspended
matter, w, is —5.
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(H*(=BH) =10 and the elapsed times,
indicated by numerals in the [figure, are
normalized by the oscillating period, T,
considering the oscillating current field.
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Fig. 3. Vertical profiles of the zeroth order moment at the stationary stage. Numerals at each profile indicate

the settling velocity ratio of the matter, .
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Fig. 4. The schematic explanation of a skewed longitudinal distribution of the matter produced by the current

shear.
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Fig. 5. Variations with time of the dispersion coefficient, 5;(!) , of the settling suspended matter. The matter
is released at the water surface(z; =1} in the basin with the depth H*(= BH) =10. The setting
velocity ratio, w (= wH/k), of the matter is —5. Solid and broken lines represent those obtained from

equations (16) and (15), respectively.
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The vertical profiles of the dispersion coefficient at each elapsed time(normalized by 7,) in the basin

of H* =10. The thick and thin solid lines respectively indicate the geometric average, D,(z, ¢, and the
major axis component of the dispersion coefficient, D;(2, ). The dashed line is the orientation of the

major axis, 9z, t).
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Fig. 8. Variations with the settling velocity of the major component of the dispersion coefficients, I-);, at each
water depth of the basin. The lower dashed lines are the horizontal dispersion coefficient given by the
geometric average, D, . The ordinate is scaled by U/f.
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