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Abstract

The atmospheric dispersion of a pollutant emitted from a hypothetical source located in the middle of the
Yochon Industrial Estate was simulated by using the Regional Atmospheric Modeling System (RAMS). Four
horizontally nested grids were employed: the coarsest one covered the southern part of the Korean Peninsula
including Mt. Chiri and the finest one covered the Yochon Industrial Estate and the surrounding area. Wind fields
were initially assumed horizontally homogeneous with a wind speed of 4 m/s, the average for the Yosu area, and
were developed without both external forces and diurnal changes in order to investigate the terrain—induced
phenomena. Wind directions that could emphasize the terrain effects on the pollutant transport and that could carry
pollutants to a highly —populated area were selected for the dispersion study. A pollutant was released for 24 hours
from a grid—base volume source after a 24-h blank run for developing the wind field. The dispersion study
showed that the pollutant from the present source location did not directly affect the Yosu City, but showed high
concentrations at locations behind the hills 5 to 6 km away from the source according to wind directions. When the
wind speed was low, close to calm conditions, the pollutant was detected at upstream locations 6 to 7 km from the
source. In comparison with the results from the RAMS simulation, the Industrial Source Complex Short—Term
Model (ISCST3) predicted a narrow dispersion that was sensitive to the wind direction. When the wind velocity
was affected by the local environment, the ISCST3 calculation using that data also gave a lop-sided result, which
was different from the distribution of the pollutant reproduced by RAMS.
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Table 1. The model grid parameters.

A4A o Br)gare) 7 2A -L AP - 213

Grid I Grid II Grid I Grid IV
Number of grid points 26 %21 Y x32%21 35 %35 % 21
in the X, Y, and Z directions 35x35x21 26x26x2 2x32x 3
Horizontal grid spacing 12km 3km 1km 1/3km
. . . 30 m in the lowest layer
Vertical grid spacing 1,000 m in the highest layer
GRID IV (Expanded)
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Fig. 1. Modeling domain and grid locations. The boundary of the Yochon Industrial Estate including the reclamation
area is represented by a dotted line in the right figure. The domain of GRID IV is larger than the actual one, and
the adjective “Expanded” is added to the designation (see the text for details). The filled contour represents the
elevation above sea levei at intervals of 200 m in the left figure and 100 m in the right figure. ‘M’ indicates Mt.
Chiri whose peak is 1,920 m above sea level and the ‘4’ symbol within the estate denotes the location of the
hypothetical source. Capital letters [A] through (1] are receptors at administrative districts, ‘dong’: [A] Pyongyo,
Wolha, [C] Chunghung, D] Chusam, [E] Haesan, [F| Ponggye, (G| Homyong, [H Sangam, and [T] Yochon City
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Table 2. RAMS options used in this study.
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Model characteristic

Option used

Hydrostatic option ~ Non-hydrostatic

Initialization ~ Horizontally homogeneous initialization

Time differencing - Hybrid scheme:

- Leap-frog scheme for velocity and pressure components
- Forward scheme for thermodynamic variables
- Time-split differencing with implicit scheme for vertical pressure gradient and vertical divergence terms

Advection scheme - 2nd-order flux form

- Rigid lid (w =0 at the model top) with Rayleigh friction absorbing layer to damp gravity wave

- Klemp~-Wilhelmson (1978a, b) condition applied on the coarse grid only to the normal velocity component

~ Zero~gradient condition at inflow boundaries and radiative condition at outflow for other variables

Upper boundary
- Rayleigh friction layer: 3 layers from the top
. - Dissipation time scale: 90's
Lateral boundary
- Phase speed of internal gravity waves: 20 m/s
Vertical diffusion

~ Deformation K -theory
- Adjustment parameter: 0.2

Horizontal diffusion

- Mellor and Yamada (1982) scheme based prognostic turbulent kinetic energy equation

- Ratio of horizontal Ky, to Ky, for deformation: 3.0

Surface layer
- Roughness length: 0.4m
- Albedo: 0.16
- Water surface temperature: 20°C

- Initially no heat and moisture fluxes, only considering momentum flux
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Fig. 2. Temporal variations of maximum relative change
of the wind speed at the ground level on Grid IV.
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Fig. 3. Wind fields after 12-h simulation for Grid I. The filled contour represents the elevation above sea level at 200m
intervals. Initial wind directions are (a) northeasterly and (b) southwesterly.
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Fig. 4. Wind fields after 12-h simulation for Grid V. The filled contour represents the elevation above sea level at 100
m intervals. The cross symbol at the center indicates the source location. Initial wind directions are (a) nor-
theasterly, (b) southwesterly, (c) northerly, and {d) southerly.
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Fig. 6. Concentration distributions on Grid IV after 24-h release at a rate of 1 mg/kg-air - s following 24-h blank simu-
lation for developing the wind field. The label of the concentration contour is expressed in mg/kg-air. The filled
contour represents the elevation above sea level. Capital letters [A] through (1] indicate the receptors in the
present study. See Table 3 for the designation of the receptors and poliutant concentrations at those sites.
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Table 3. Pollutant concentrations at selected sites after 24-h release? (mg/kg- air).

Reference Letter in

Initial Wind Direction

Site Name

Figs. 6and 7 Northeasterly Northwesterly Southwesterly Southerly
(a) RAMS calculation®
Pyongyo A 243 33.0 11.6 14.0
Wolhwa B 16.3 11.8 0.8 9.6
Chunghung C 2.4 219 10.5 10
Chusam D 1.0 6.1 0.0 0.1
Haesan E 2.6 0.0 0.0 1.7
Ponggye F 0.6 2.0 0.0 0.1
Homyong G 0.0 8.6 0.2 0.0
Sangam H 0.0 1.7 4.1 0.0
City Hall 1 0.8 0.4 0.0 0.1
(b) ISCST3 calculation®

Pyongyo A 0.0 185.7 0.0 0.0
Wolhwa B 0.8 0.0 ’ 0.0 0.0
Chunghung C 0.0 a.0 0.0 0.0
Chusam D 0.0 0.0 0.0 0.0
Haesan E 0.0 0.0 0.0 0.0
Ponggye F 0.0 0.0 0.0 0.0
Homyong G 0.0 14.2 0.0 0.0
Sangam H 0.0 0.0 0.0 0.0
City Hall I 0.0

0.0 0.0 0.0

# Release at a rate of 1 mg/kg-air - s, which corresponds to 346~ton release for 24 hours.

b Ground -level release from the volume of 1/3km X 1/3km X 30 m.

¢ Release at 15 m from a point source equivalent to the volume source used in the RAMS calculation.
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(Perry et al., 19891} #Z2] AERMOD (Paine et al.,
1999)¢} Zre] X wde) AHSs= JHART 5
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Fig. 7. Comparison of the concentration distributions predicted by RAMS and ISCST3. Concentration contour intervals
are 1, 10 and 100 mg/kg-air. Wind data at the source location are used for ISCST3. See Fig. 6 for detailed infor-
mation on the figure. Also see Table 3 for pollutant concentrations at the receptors denoted by [A] through [T].
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