A7 BAGEA] A 134 A6E
J. KAPRA Vol. 13, No. 6(1997) pp. 427~437
Journal of Korea Air Pollution Research Association

HEsy X9 S¥xIYo| div|gi 2l ojXs & vl

Comparison of Complex Terrain Effects in the Air Dispersion
Modeling at the Poryong Power Plant Site

QM - AHY - UAY - 2UF - 2
A7 4ATY A PRAATAE
VHRATFY AR RE AT &
(19973 74 239 A4, 199843 24 2 A &)

Hyun Sun Oh, Young Sung Ghim, Jin Young Kim, Kil Choo Moon, Wuk Hee Hong"
Global Environment Research Center, Korea Institute of Science and Technology
" Center for Advanced Studies in Energy and Environment, Korea Electric Power Research Institute

(Received 23 July 1997; accepted 2 February 1998)

ABSTRACT

Complex terrain which is rather typical topographic character in Korea would greatly influence the dispersion of
air pollutant. In this study, we investigated how the complex terrain in the vicinity of the coal—fired plant affects
the air dispersion modeling results by using several US EPA models: SCREEN, CTSCREEN, ISCLT3, ISCST3,
and RTDM. Screening analysis was followed by long-term analysis, and the plume movement over the terrain was
precisely tracked for selected cases. Screening analysis revealed that the highest concentration of sulfur dioxide
occurs at the downwind distance of 1.3 km under the unstable conditions with weak winds. However, this highest
level of SO, could be raised by 4 times even in the presence of a hill of 170 m at a distance of 2 to 3 km. Seasonal
and annual average concentrations predicted with the ISCLT3, ISCST3, and RTDM models showed a rapid
increase of SO, levels in front of the high mountains which are located more than 15 km away from the source. The
highest concentrations predicted with ISCST3 were significantly higher than those with ISCLT3 and RTDM
mainly because ISCST3 chooses simple—terrain model calculations for receptors between stack height and plume
height. Although the highest levels under the stable conditions were usually found in the areas beyond 15 km or
more, their absolute values were not so high due to enough dispersion effects between the source and the receptors.
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Table 1. Source information.

5,786 g/s
for Stacks #1 and #2, 970 g/s each
for Stacks #3 to #6, 961 g/s each

SO; Emission Rate

Stack Height 150m
Stack Inside Diameter 6.9m

Gas Temperature 120°C
Gas Exit Velocity 20 m/s
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Fig. 1. Location of Poryong Power Plant and topo- U Q-2 HFF3 FAFe] A3, & AF
graphy of the surrounding area. TMX and o siglo z HE] Bl o= YA EH WAL, 7}
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Fig- 2. Annual and seasonal wind roses from 1991 to 1995 at poryong Meteorological station. Calm condition
indicates that wind speed is less than 0.3 m/s. Upper bounds of the first 5 wind speed classes are
1.8, 3.3, 54, 8.4, and 11.0 m/s, respectively.
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Table 2. Frequency distribution of Pasquill stability classes with mean wind speed and temperature at Poryong
Meteorological Station between 1991 and 1995.

Wind Speed Temperature

A B C D E F (m/s) CC)
Winter 0.0 4.2 13.3 133 47 58.5 153 03
Spring 1.6 134 7.0 241 52 48.8 1.85 103
Summer 2.1 12.1 57 348 37 41.6 1.88 232
Fall 0.0 110 10.1 15.2 43 59.5 1.47 138
Annual 08 99 93 226 4.5 529 1.66 122
Table 3. Specification of mixing height for each season and stability class.

Stability Method* Winter Spring Summer Fall Annual

A 1.5 Znax 2075 1,508 1,833 2,136 1,800

B Z.vax 1,383 1,005 1,222 1,424 1,200

C Z ax 1,383 1,005 1,222 1424 1,200

D (Zenax+Zmin)/2 829 640 1,011 1,022 950

E Znin 275 275 800 620 700

F Zin 275 275 800 620 700

* Zomax and Zni, mean maximum and minimum mixing heights, respectively.
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Table 4. One-hour average maximum SO. concentra-
tion and its occurrence conditions predicted
with SCREEN.

Maximum Distance

Wind Mixing

Concentration  from Speed at Stability Height

(ppm) Source (m) 10m (m/s) (m)*

Annual 1.13 9247
Summer 1.24 1,286 2.0 A 875.7
Winter 1.04 974.2

* One meter above the effective plume height.
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Table 5. One—hour average maximum concentrations predicted with CTSCREEN for stable and

unstable con-

ditions.
Stable Unstable
Maximum Concentration 0.79 ppm Maximum Concentration 4.7 ppm
Receptor (Elevation) #45 (100 m) Receptor (Elevation) #71 (160 m)
Downwind Distance 23km Downwind Distance 2.6km
Wind Direction 286.3° Wind Direction 286.3°
Wind Speed 1.0m/s Wind Speed 1.0m/s
O, 0.75m/s Mixing Height 3929m
Ow 0.75m/s Convective Velocity Scale, w* 0.22m/s
00/0z 0.035°K/m Monin-Obukhov Length, L —-9%0m
323.0 L .
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Fig. 3. Receptor locations for CTSCREEN. Crosshairs indicate receptors located along the contour lines. Line
in the lower left comer is the shoreline. S indicates source. Contour interval is 20 m. Concentration is
the highest at receptor #45 in stable conditions and at receptor #71 in unstable conditions. See Table

5 for details.
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Table 6. Seasonal and annual average maximum concentrations predicted with ISCLT3, ISCST3 and RTDM.

ISCLT3 ISCST3 RTDM
Distance Distance Distance
Concentration from the Concentration from the Concentration from the
(ppb) Source (ppb) Source (ppb) Source

(km} (km) (km)

Winter 6.40 176 SE 15.2 17.4 SE 14.1 183E
Spring 6.49 43 ESE 425 15.0 ENE 352 14.1 ESE
Summer 9.90 155 ENE 61.8 15.0 ENE 48.9 15.0 ENE

Fall 5.35 16.7SE 20.0 16.6 SE 16.9 213 E
Annual 5.42 16.7 SE 335 15.0 ENE 194 15.0 ENE
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(a) The conditions are that stability class is D, wind direction is
WSW, wind speed is 4.1 m/s, and temperature is 24.6°C.
Maximum concentrations are 268 ppb at 14.5km for

ISCST3, and 106 ppb at 16 km for RTDM.

Fig. 5. Plume behaviors and ground-level concentrations predicted by ISCST3 and RTDM.

(b) The conditions are that stability class is F, wind direction is
WSW, wind speed is 1.3 m/s, and temperature is 23.2°C.
Maximum concentrations are 920 ppb at 14.5km for
ISCST3, and 861 ppb at 18.5 km for RTDM.

In the upper two

figures, the thin solid line indicates terrain elevation, the thick solid line indicates plume centerline, and
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