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Location of Power Plants, Meteorological and Air Quality Stations
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teristics

Distance from Distance from

: : radius exiting exiting # of the nearest the nearest
Power Plants Latitude Longitude (m) t?orI\(;)). sifne/gj s;:;)lis B air quality
station (km) station (km)
%8  Busan 35°05°  129°0.5' 100.0  1.09  409.53 8.18 1 8.2 1.1
SVl  Daegu 35°53'  128°32.50' 100.0 144  381.24 5.52 3 11.6 0.7
el Incheon  37°145' 126°26.57" 1990 323 36009  33.71 8 25.3 15.0
Ulsan 35°30.5' 129°22.5° 1535 130 37152 17.81 8 4.9 1.6
Ansan 37°17.5'  126° 48’ 123.0 127  363.74 419 18 20.3 1.7
B8 cangneung 37744 128°585 80.0 249  384.73 12.64 4 7.0 6.0
Donghae  37°29'  129°8.5' 150.0  2.00  416.82 24.26 5 2.4 4.1
Boryeong  36°21'  126°35' 418 291 3621 2021 10 6.7 25.6
BB oangiin 37725 126737 150.0 2.98  362.84 2466 32 18.2 5.3
Seocheon  36°85  126°29.5' 1500 2.05 36225 2423 10 12.9 19.9
Taean 36°455'  126°19' 150.2  2.98  358.97 21.77 14 31.8 18.3
Gunsan  35°58.5' 126° 38’ 100.0  1.34  411.44 857 16 7.8 1.7
lksan 35°57"  126° 59" 80.0 0.82 42851 14.34 8 14.6 1.0
Yeosu 34°50'  127° 41 76.9 179  398.89 153 25 10.0 1.4
¥ Gimcheon 36°9 128° 7' 100.0 170  403.72  10.78 4 15.2 1.4
P16 Gumi 36°5.5  128°22' 153.0  1.07 366.85 1559 18 7.3 1.1
I¥M Goseong  34°545  128°6 2000 258 37874 1952 16 19.7 12.2
SN Hadong  34°57"  127° 49’ 150.0 326 357.88 1514 16 13.1 6.4




Power Plants
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Temporal variations ot PM c‘:grlcentration and Precipitation
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Geopotential height arﬁlwind flelds at 850 hPa
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Boxplot of PMMoncentrations
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TAPM (The Air Pollutml\/lodel)—I\/Ieteorology

d Wid'ds (dn dnde) t:time (s) | .
—=F{u)+ —=f|—+—— |+ fv=N (u-u,) X, y, o: terrain-following coordinates (m)
d do d  do o ) 7 _7 . | .
7 ~, 0 =7, (57 Es) 7 ponesan e corante
&_ F(v)+ hidd E_ﬁr @4.%% ~fit=N (v=v) ! Z.—Z, " zg terain height (m)
il do & | dod | o

' f . Coriolis parameter
dor TR d (do | d | do g: gravitational constant (9.81 m s2)
EJ’E +”‘;ﬂ. X + Jo Us, Vs, 8 large scale synoptic winds and
potential virtual temperature
Ns : large scale nudging coefficient (1/(24x3600))

do

de, aw', do : 6, 0T A
E =F [Er} + Jo E + S&, =N 3 [E'.' B E'.'.'. J Spy = ? (E) RADIATION — a qu
oy __4 do | A: latent heat of water vapor (2.5x108 J kg?)

I
] _E_[E] C,: specific heat at const pressure (1006 J kg K1)
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do (o-z, &, do (o-z; &, do [ z
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TAPM — Air pollu‘ﬁpt concentration

ff_f:%(f{; ‘E]Jr i(f{f%]—[%%(ﬁfﬁ S, +R,

wy'=-K

= y . concentration by prognostic equation
= Sx : pollutants emissions

= Rx : chemical reactions
= Kx, Ky : diffusion coefficient
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TAPI\/I—Cher’mal Beactions

Reactions Reaction Rates

Rymog + NV = RP+R i MSNGOC Ry =K, [Rynog]
RP+NO - NO, R, =k,[RP][NO]
NO,+hv - NO + O, R, =k,[NO,]
NG + 0= NG, R, =k,[NO][O;]
RP +RP — RP+aH,0, R, =k [RP][RP]
RP + NO, - SGN R, =k [RP][NO,]
RP+NO, > SNGN R, =k [RPIINO,]
RP+ SO, > SNGS R, =kg[RPI[SO,]
H,0, + SO, - SNGS R, =ko[H,0,][SO,]
O, + SO, = SNGS Ro =kyg[0,][SO,]
a=max(0.03exp - 0.061 Rl k, =(10/60),
g k, =(0.12/60),
n:01 k. :h:
S k. = (0.003/60),
K2 : 3580/(607T) Trpr+
ks : 0.00016TSR/60 '{(9 = deillz[![;:]]m Ky .ﬂ'cIi’;KIf H_,t’}_,L' R T'm_g-,

ks 1 (924/60T ))exp(-1450/T) ki =(24x10%, +3.7x10% @, +1.5%10° @)K,y g Ky o L-R-T-107




Observed period mean concentration

Power Plants
S0, cO Os NO, S0, cO Os NO, PM1o
(ppm) (ppm) (ppm) (ppm) ) (ppm) (ppm) (ppm) (ppm) (ug/m)

PO1 Busan 0.00728 0.54326 0.03452 0.01300 70.7 0.00660 0.39881 0.03603 0.02394 29.0
P02 Daegu 0.00416 0.41268 0.02755 0.02108 68.8 0.00371 0.29573 0.04087 0.01280 SOk
Incheon 0.00498 0.48112 0.04188 0.01748 70.6 0.00511 0.34910 0.04998 0.01454 52.5
P04 Ulsan 0.01318 0.66667 0.03115 0.03288 68.6 0.00980 0.41667 0.03985 0.02434 36.6
PO5 Ansan 0.00517 0.52657 0.02715 0.03108 68.7 0.00442 0.51265 0.03023 0.02975 40.8
m Gangneung 0.00309 0.34132 0.04478 0.01334 76.9 0.00204 0.29881 0.04507 0.01343 42.1
Donghae 0.00230 0.27048 0.03717 0.01386 71.4 0.00261 0.32901 0.03988 0.01869 38.2
Boryeong 0.00310 0.45874 0.04657 0.01538 62.0 0.00392 0.40595 0.05785 0.01491 49.0
m Dangjin 0.00330 0.24545 0.04312 0.01470 58.4 0.00656 0.31078 0.05484 0.01723 58.4
P10 Seocheon 0.00170 0.40786 0.04705 0.00802 62.8 0.00174 0.25067 0.05374 0.00717 31.8
Taean 0.00548 0.49021 0.04291 0.04279 51.7 0.00783 0.35210 0.04290 0.02204 50.9
P12 Gunsan 0.00513 0.48881 0.04210 0.01840 71.1 0.00523 0.42635 0.05195 0.01402 50.9
P13 Iksan 0.00614 0.53472 0.04482 0.01685 90.5 0.00660 0.46587 0.05471 0.01321 67.7
P14 Yeosu 0.00943 0.32378 0.03518 0.02048 77.9 0.01399 0.54970 0.03781 0.04084 33.8
Gimcheon 0.00158 0.60214 0.04526 0.01439 71.9 0.00135 0.41786 0.04474 0.01107 26.6
P16 Gumi 0.00371 0.50280 0.04864 0.02723 54.7 0.00311 0.24286 0.04948 0.01324 22.5
P17 Goseong 0.00525 0.30000 0.03657 0.02857 61.2 0.00524 0.33413 0.04533 0.01663 37.8
Hadong 0.01205 0.52286 0.03246 0.02381 60.4 0.01061 0.43631 0.03382 0.01595 32.9
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LATITUDE (N)
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imulated wind and PI\/IKﬁoncentration April 2016
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Simulated wind and PMyg€oncentration (June 2016
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|OA between simulate d observed variables

ST N R T P N N

0.63 0.59 0.91 0.81 0.56 0.53 0.69 0.74
P02 0.58 0.73 0.72 0.92 0.50 0.78 0.68 0.88
0.35 0.64 0.66 0.86 0.48 0.68 0.75 0.88
PO4 0.60 0.63 0.68 0.82 0.48 0.70 0.46 0.90
PO5 0.37 0.54 0.80 0.88 0.56 0.50 0.60 0.47
| pos | 0.24 0.49 0.51 0.89 0.25 0.42 0.56 0.92
0.32 0.43 0.60 0.85 0.32 0.59 0.55 0.93
0.36 0.39 0.66 0.91 0.28 0.41 0.62 0.91
| Poo | 0.41 0.58 0.67 0.88 0.46 0.64 0.65 0.91
P10 0.37 0.38 0.63 0.81 0.42 0.40 0.58 0.84
P11 0.41 0.58 0.66 0.93 0.33 0.66 0.80 0.95
0.27 0.72 0.60 0.94 0.27 0.73 0.63 0.89
0.32 0.76 0.53 0.95 0.28 0.77 0.56 0.89
P14 0.47 0.59 0.86 0.81 0.45 0.71 0.55 0.84
P15 0.45 0.64 0.73 0.93 0.45 0.73 0.48 0.85
P16 0.51 0.32 0.65 0.94 0.45 0.28 0.66 0.90
P17 0.58 0.61 0.55 0.92 0.43 0.41 0.46 0.87
P18 0.54 0.63 0.87 0.83 0.42 0.71 0.74 0.86




Simulated maximum ane aged PM,, concentration

April 2016 June 2016
Power
Plant # max. Direction/Distance avg. Direction/Distance max. Direction/Distance avg. Direction/Distance
(ug/m") (km) from PP (ug/m*) (km) from PP (ug/m’) (km) from PP (ug/m*) (km) from PP
4.3

2235 165 166.5  6.68 181.1  3.39 181.1
4.15 ESE 2100 163 SSE 1753  7.93 NW 2178  4.07 NW 2235
4.09 SSE 2151 155 SSE 1670 10.8 ESE 316 486 NW 130.9
4.03 SE 2206 16 SSE 1925  5.93 NNW 157.2  2.69 N 79.0
3.79 SSE 2179 146 SSE 1295 959 WNW 1371 473 WNW 144.1
| Pos XK WNW 126 1.38 SE 2206  7.48 WSW 1585  3.52 WSW 156.8
5.89 WSW 57 142 sw 2206 7.38 WSW 156.1  3.49 WNW 156.1
| Pos RPN NE 28 308 NE 28 1532 NE 28 59 NE 2.8
Bl o ESE 456 168 SSE 1325 12.84 ESE 215 5.6 NW 181.0
6.19 ESE 1558 191 SSE 1726 917 SSw 1215  4.94 WNW 190.9
8.3 NE 117  2.23 NE 28 17 NE 28 546 NE 2.8
4.2 ENE 86 177  ESE 436  9.03 ssw 67.7  4.88 NW 190.3
7.43 ESE 1083 1.89 swW 2037 873 SW 2037  4.72 WNW 197.2
5.41 WSW 501 2.07 ENE 57 882 WNW 101.0  4.26 NW 192.0
4.14 SE 2206 1.64 SE 2124  8.33 NNW 2041 426 WNW 162.6
4.15 SSE 2179 166 SSE 2179 801 NW 2121  4.16 WNW 177.0
6.03 NE 85 2.05 NE 28 15.18 NE 28 424 WNW 180.4

6.0 NE 28 203 SE 2121 1298  WNW 106.6  4.30 WNW 154.0
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Comparison of PM,, concentration with mixing height
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Comparison of PI\/I1O Concentratlon with mixing height and

)
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Scatter diagram between PM,, and Obukhov length
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Simulated PMy, concentra'mand d on 10 April 2016
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LATITUDE (N)

LATITUDE (N)

Simulated PM,, concentration and wind on 4 June 2016
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Period mean simulatead PM concentration and wind

7-12 April 2016 1-6 June 2016
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Animated PM;, coneentration on April 2016
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Animated PM;, conﬂation B June 2016
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Emission rec DN Scenarios

Shut-Down Efficiencies Reduction Emission (ton) Target Areas of

Scenarios oo wer Plants Operation Impact
Rate(%) PM10 PM2.5 \[@)% SOx Assessments
PO8  Boryeong 0.0 % 560.94 45246 1745432  11,656.09  Seoul, Daejeon

P03 Incheon 0.0% 207.76 167.58 3862.97 5,517.57

Scenario Rl 0.0 % 14.11 11.38 686.03 324.74 '

Seoul, Daejeon
P09 Dangjin 0.0 % 319.95 11150  17,148.32 7,223.25
P11 Taean 0.0 % 835.13 673.63  22,168.03  12,792.28
P17 Goseong 81.3 % 105.73 85.28 9,497.16 3,275.97
[0)

N P08 Boryeong 74.6 % 142.37 114.84 4,935.66 354951  geoul, Daejeon,
PO6  Gangneung 0.0 % 188.28 15187 274127 339457 @O0 P/ POS IO
P10 Seocheon 0.0 % 60.57 41.58 3,613.69 1,317.73

0.00 0.00 58,896.02 38,978.72
P0O1~P18 Having the emissions of NOx and SO, only with no reduction of
particulate emissions for all 18 power plants

Scenario

Seoul, Daejeon,
P06, P17, P08, P10
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maximum Concentration

Hourly and period—avere

Hourly Max.
Scenarios Period Con.

(ng m3)

Direction
from Daejeon | Daejeon (km)

Scenario |

Scenario |l

Scenario Il

Scenario IV

April
June
April
June
April
June
April
June
April

June

16.98

25.64

11.81

22.34

17.03

23.82

11.59

21.57

14.94

20.58

WNW

WNW

SSE

SW

WNW

WNW

WNW

SSE

WNW

WNW

: Averaged : : Distance
Distance from Direction .
Max. Con. ] from Daejeon
P from Daejeon
(ng m=) (km)
78.2 2.87 WNW 78.2
78.2 7.61 WNW 74.2
158.6 2.62 SSE 157.7
127.9 6.77 WSW 72.5
78.2 2.75 WNW 78.2
78.2 6.73 WNW 74.2
78.2 2.54 SSE 158.6
127.9 7.21 W 78.2
78.2 2.69 WNW 78.2
78.2 6.95 WNW 78.2
K o
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Reduced PM;q CC

tration (pg m3)

Scenarios Period

BAU

Scenario

Scenario
I

Scenario
11

Scenario

April

June

April

June

April

June

April

June

April

June

T T I N N T

Max (Afraction) | Max (Afraction) [ Max (Afraction) | Max (Afraction) | Max (Afraction) | Max (Afraction)
Avg (Afraction) | Avg (Afraction) | Avg (Afraction) | Avg (Afraction) | Avg (Afraction) | Avg (Afraction)
max.

max. 4.05 max. 4.41 4.50 max. 6.95 max. 16.99 max. 3.57
avg. 1.52 avg. 1.86 avg. 1.46 avg. 2.45 avg. 2.88 avg. 1.87
max. 12.33 max. 12.99 max. 9.76 max. 16.96 max. 25.64 max. 16.17
avg. 5.44 avg. 4.97 avg. 3.88 avg. 3.78 avg. 7.55 avg. 6.99

4.05 (-0.0 %)
1.51 (-0.7 %)

11.79 ( -4.4 %)
5.39 (-0.9 %)

3.79 (-6.4 %)
1.46 ( -4.0 %)

10.00 (-18.9 %)
5.26 (-3.3 %)

4.00 (-1.2 %)
1.51 (-0.7 %)

11.97 ( -2.9 %)
5.39 (-0.9 %)

3.79 (-6.4 %)
1.49 ( -2.0 %)

11.06 (-10.3 %)
5.27 (-3.1 %)

4.41 (-0.0 %)
1.82 (-2.2 %)

12.24 ( -5.8 %)
4.78 (-3.8 %)

4.40 (-0.2 %)
1.74 (-6.5 %)

9.89 (-23.9 %)
459 (-7.6 %)

4.07 (-7.7 %)
1.82 (-2.2 %)

12.57 (-3.2 %)
4.85 (-2.4 %)

4.35 (-1.4 %)
1.81 (-2.7 %)

11.70 (-9.9 %)
4.63 (-6.8 %)

4.21 (-6.4 %)
1.44 (-1.4 %)

9.39 (-3.8 %)
3.85 (-0.8 %)

4.05 (-10.0 %)
1.44 (-1.4 %)

8.45 (-13.4 %)
3.75 ( -3.4 %)

6.22 (-10.5 %)
2.35 (-4.7 %)

13.68 (-19.3 %)
3.47 (-8.2 %)

6.22 (-10.5 %)
2.35 (-4.1 %)

15.12 (-10.7 %)
3.55 ( -6.1 %)

11.59 (-31.8 %)
2.48 (-13.9 %)

20.21 (-21.2 %)
7.15 (-5.3 %)

14.94 (-12.1 %)
2.69 ( -6.6 %)

20.58 (-19.7 %)
6.81 (-9.8 %)

3.56 (-0.3 %)
1.82 (-2.7 %)

15.39 (-4.8 %)
6.81 (-2.6 %)

3.65 (-0.3 %)
1.81 (-3.2 %)

14.33 (-11.4 %)
6.32 (-9.6 %)
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Conclusions
9

€ High emissions and low stack heights can cause high
levels of ground maximum concentration.

€ The location of the plant (coast or inland) is critical for
determining how far the ground maximum concentration
can be occurred from the plant.

€ In order to decrease the concentration of Seoul
Metropolitan area, it is expected that direct emission
reduction of power plants located in West Sea could be
essential

@ HUEFS ‘iTK LGC



Concsions

€ It should be noted that reducing emissions of gaseous air
pollutant, precursors of the secondary production of PM,,,
could be very effective as like reducing the primary
emission of PM,, directly.

€ The reduction effectiveness in June under unstable
condition is higher than one in April under stagnant
synoptic condition. This implies that the plume from stack
of power plant is significantly influenced by turbulent
motion as convection and friction velocity.
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