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Diffusion in Coastal Waters of the Yellow Sea
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Jong Sup Lee*, Cha Kyum Kim*, Sun Duck Chang* and Chong Hak Kim**
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el EAgAAe A2F gyt 32 F o gYsiA dojydrh

Abstract [ To investigate the flow patterns and diffusions in the Taean coastal waters of the eastern
Yellow Sea, hydraulic and numerical experiments of tidal currents and diffusions of dye and cooling
water were performed during spring tide along with field observations. Flow patterns obtained by
the hydraulic and numerical experiments approximately coincide with those of the field observations.
In the field observations of tidal current, currents flow southwestward during the ebb tide, while
currents flow northeastward during the flood tide, and the maximum velocity is 2.13 m/s toward
WSW direction. The Eulerian diffusion coefficient estimated from field measmements of current is
7.82X10° cm?/s. Diffusion coefficients obtained from the area of dye plume in the model are given
by the expression 0.18r*3 and the coefficients have the range of 10°~10°cm?%s. These values are
similar to the Eulerian diffusion coefficient estimated fram field measurements. Diffusion coefficients
obtained in the hydraulic model are one to two orders higher than those obtained in the Onsan Bay
in the eastern waters and two to three orders higher than those obtained in the Chinhae Bay in
the southern waters of the Korean Peninsula. Diffusion patterns of cooling water by numerical experime-
nts are similar to those of dye plume by hydraulic experiments. Both hydraulic and numerical experi-
ment results of diffusions of dye plume and cooling water in the Taean coastal waters, have shown
that the diffusion during the ebb tide is more prevalent than one during the flood tide.
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Fig. 2. Stick diagram of current vectors at the middle layer
of St.10 at 0.8 km north of Mineodo during spring
tide.
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Fig. 3. Drogue tracks in the field during spring tide.

Table 1. Physical parameters in the prototype and mo-
del

Parameter Scale Prototypc Model
Distance 1/2,000 30X 14 km® 157 m’
Water depth 159 50 m 315 cm
Tidal range 1/159 64-28 m 40-1.7 cm
Tidal period 1/159 12" 25m 4min 41~
Velocity 1/12.6 2 m/s 16 cm/s
Discharge 1/(4 X107 100 m'/s 25 cm'/s
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Fig. 4. Flow patterns in the model during spring tide.
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Fig. 6. Changes of area with time of dye plume by instantaneous point sources in the model during spring tide.
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Table 2. Diffusion coefficient evaluated from Eulerian ve-

locities
Station K.(cm?/5) Ky{cm?/s) K(cm?/s)
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Fig. 7. Relations between diffusion coefficient K and equi-
valent radius r of the dye patch.
(a) maximum ebb flow
(b) maximum flood flow
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Table 3. Apparent diffusivity in the coastal waters of Ko-
rea during spring tide

Location K(cm?/s) Data source Remark
Onsan Bay 006r**  Chang er al(1980)  Prototype
Chinhae Bay 002r** Ahn et al(1982) g
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Table 4. Current speed and direction by the field observation, hydraulic experiment and numerical experiment during
the maximum flow of spring tide during spring tide

s Tid Field observation Hydraulic experiment Numerical experiment

t 1ae
Speed(m/s) Dir(°) Speed(m/s) Dir(°) Speed(m/s) Dir(°)
4 Ebb 213 243.0 211 2103 1.96 230.2
Flood 2.06 320 207 446 1.88 450
5 Ebb 1.24 2470 127 2455 1.20 240.2
Flood 1.40 730 1.33 70.0 1.36 62.8
9 Ebb 131 2280 122 2150 145 2300
Flood 144 480 1.54 60.0 1.69 56.5
10 Ebb 107 2380 1.04 2470 0.94 2470
Flood 0.89 68.0 0.79 70.0 0.82 735
12 Ebb 0.87 2280 093 2350 1.10 2356
Flood 1.26 68.0 1.22 56.0 141 60.5
15 Ebb 0.89 2230 1.18 2300 115 2355
Flood 0.79 580 0.87 520 1.01 60.0
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