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Abstract In this study, we analyzed the impact of air pollutants caused by a coal-fired power plants located in Chungnam.
The Chungnam region is characterized by diverse large-scale emission facilities, particularly notable for coal-fired power
plants emitting noteworthy quantities of air pollutants, including PM, 5, SO,, and NO,. For the analysis, we conducted
modeling using the WRF-SMOKE-CMAQ system, utilizing emission data from the Clean Air Policy Support System (CAPSS) in
2019 was used. The modeling focused on Boryeong, Dangjin, and Taean, where coal-fired power plants are situated. To assess
changes in concentration resulting from emission variations, the study used the Brute Force Method (BFM) and the Significant
Impact Levels (SILs), developed by the United States Environmental Protection Agency (EPA). As a result of the emission
analysis, it was found that air pollutant emissions in Chungnam were gradually decreasing, with significant reductions noted
in Dangjin, Boryeong, and Taean. Analyzing the influence of surrounding areas on the modeling target areas revealed that the
impact in Dangjin and Taean was relatively small, likely due to the wind trajectory being pushed from inland to the coast.
Conversely, Boryeong had the most significant influence on its surrounding areas, with the most affected regions being
Boryeong, Hongseong, and Yesan.
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Fig. 1. Location of the coal-fired power plant operated in Chungnam.

Table 1. Emission of regional air pollutants from coal-fired power plants located in Chungnam.

Unit: Coal-fired power plants O/
ton/year " @ Chungnam (%)
New-Boryeong Boryeong Taean Dangjin @® Summary
TSP 84 311 344 436 1,175 65,443 1.8
SOx 1,503 4,429 4,821 4,315 15,069 62,332 24.2
NOx 720 4,505 5,627 4,385 15,237 96,950 15.7
VOCs 152 290 422 413 1,277 74,724 17
NH; 776 1,349 2,107 2,112 6,344 53,469 1.9
co 1,265 2,358 3,522 3,447 10,592 63,944 16.6
Total 4,500 13,242 16,843 15,108 49,694 416,862 11.9

2, Bk, B, %) T A0S AlQgh 37 Aoz
A7kt Aol A¢ 20161 AerslEdd4v}
H2 5 o] % 2021'd A4 L 0] 7| Aste] A7HEs)
I ek AR B A= 20191 CAPSS W&+
=g 7o AAEU, A%0] e Fofdk Hy
EF A77} glo] & Ao A=t 1™ 12
' W 47 Aol 1§ T AE vrERd Zojoh

1220199 CAPSS 7% SE0 SH W =9 &
Ql AetstEa Ao 7| e AEd MiEde et

Zoltt. 20199 7| Sl HA
2R 416,862E 0 2 1% AEtstaEdbd 4v) 2125
H-8-2 11.9% (49,6945) 2 UERItH 2|9 E2 =
Qo] 16,843 (4.0%) 2= 7HE =2 H-&-Z ZpA|5}H,
1 HE olo] I 15,108% (3.6%), HH 13,242F
(3.2%), AEH 4,500 (1.1%) 0.2 =gt 04
EA9ER L= NOx7Z| 23.3%=2 7P 2 H]8-S A5t
%131, VOCs 17.9%, TSP 15.7%, CO 15.3%, SOx 15.0%
= Uehith
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Fig. 2. CMAQ modeling domain and grid resolutions used in this study.
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Table 2. Reduction scenario of coal-fired power plants used
in this study.

Iltem Domestic emissions
Scenario 1 Contribution from Dangjin (DJ) Plant
Scenario 2 Contribution from Taean (TA) Plant
Scenario 3 Contribution from Boryeong (BR) Plant
Scenario 4 Contribution from all coal-fired power plant

in Chungnam
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EPA)o] th7]& <taPd] (PSD, prevention of signifi-
cant deterioration)3t2] 37} A1 Al EA @Yo
A HlEEE L FEdo] =77 & 7]S (national
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Table 3. Ambient air quality standards and recommended
significant impact levels (SILs).

Pollutants Average NAAQS SILs SILs

period (“g/m3) (ug/m3) (ppb)
1-Hour 188 7.5

NO,
Annual 100 1 0.487
1-Hour 196 7.8
3-Hour 1,300 25

50, 24-Hour 365 5
Annual 185 1 0.35

PM;, 24-Hour 150 5
24-Hour 35 1.2

PMZ.S
Annual 12 0.2
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Aol AF-geF mdl-2 =k Q¥ 7] % (national oceanic
atmospheric administration, NOAA) 2] Hysplit L& 0]
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Fig. 4. Air pollution emissions of coal-fired power plants calculated based on TMS.

Table 4. Statistical validation for temperature, wind speed and wind direction with weather station in Chungnam.

Temperature Wind direction Wind speed

Site Model  Obs Model  Obs

r Bias GE Ave. Ave. Bias GE r Bias GE Ave. Ave.
(K) (K) (m/s)  (m/s)

Criterion >08 <+05K <2K - - <+10deg <30deg >06 <=£05m/s <2m/s - -
Seosan 0.98 0.04 1.73 2864 286.3 1.02 34.7 0.71 0.67 1.10 26 1.9
Hongseong  0.98 -0.02 1.56 286.4 286.4 3.28 43.5 0.65 0.77 1.10 2.2 1.4
Cheonan 0.98 0.12 1.68 2859 2857 -0.06 424 0.65 0.48 0.91 1.7 1.2
Boryeong 0.98 -0.18 1.64 286.8 287.0 5.57 359 0.45 1.1 1.49 26 1.5
Buyeo 0.98 0.52 1.74  287.0 286.5 2.66 43.7 0.67 0.71 0.96 1.8 1.1
Gumsan 0.97 0.22 1.84 286.3 286.1 -12.26 50.0 0.73 0.62 0.90 1.7 1.1
Heg, A3, Bt B3] 201597 202199 T™MS B Fof] TRt Ateo] disl A4 A5 3kt
ETS e ZI0 8 (a)= T HIEFS, (b= A9 WRFO 7[R HS2 918l 9 Wi S1AIskL Qe
H wjE%F ZfolE Yerd Aoltt. Aetsteldao]  FI]/4HS (automated synoptic observing system,
HiEEFL 20151 94,0654 20211 21,469=2. ASOS) A= Z-gatart. £ CMAQQ] nEl® 4
86.7% Aol T HAo TMS UEF (72.3%) 2 o] Ad= 24L& fld 9 W fAskL =
ohE £ ZoR gt A0R vehgth AEEE  AQMS®] My, 27 it vlw RS 7)1
A70] 94.0% =2 7P 2 =S H oL o] AL 1zt B A ofl= AFaAIS (correlation coefficient, r)2}

71& Aetsleldbd 471 64 S A A HEH o] A
Aste YA A&H oz 7ol | Aol

ofle} 5 Aitgo] Qs| Helct. 1*4 S Aleld
3% Hio] 87.6% 2 7Y E AEES HYAL, gt
77.1%, T 71.5% 40 2 VFERT

3.2 2E3 AS

By 5ol A GRDPT 712 o5 2

djoJe] HIFE (bias), TtH 24} (gross error, GE)E,
CMAQ B I} Ho Al 24 (root mean
square error, RMSE), Normalized Mean Bias (NMB),
index of agreement, IOA)E AF&-0F T} (Kim et al.,
2020b; Choi et al., 2018). X 4= F W AT 674
AS0S9] Z4to|ee} WRF A3+ 24t AtolH,

5% CMAQO] tiet +4] 2E A W) =2 54
20} v w3t Aifolo), Ayl mElgwko] Ak
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Table 5. Statistical validation for PM, 5 with air quality monitoring station in Chungnam.

Model Ave. Obs Ave. NMB RMSE
AQMS ' (ng/m?) (ug/m?) oA (%) (ng/m?)
Baekseok 0.750 20.3 231 0.85 -12.09 11.170
Tancheon 0.698 18.5 234 0.82 -21.23 11.168
Taean 0.672 14.3 19.0 0.79 -24.47 11.591
Jeongsan 0.739 17.4 18.4 0.85 -5.55 17.388
Jugyo 0.754 15.7 19.4 0.84 -19.10 9.952
Buyeo 0.632 18.5 22.0 0.77 -16.11 11.521
Dongmun 0.702 16.1 20.0 0.82 -19.63 11.330
Mojong 0.702 21.8 24.0 0.82 -9.25 12.662
Seongyeon 0.676 16.1 20.0 0.80 -19.25 11.657
Seocheon 0.681 17.7 18.8 0.82 -5.93 10.465
Gongju 0.670 18.0 20.0 0.80 -10.19 11.104
Sinbang 0.737 20.7 22.8 0.85 -8.90 10.962
Yesan 0.726 19.1 224 0.83 -14.69 11.734
Umsa 0.740 16.8 16.9 0.85 -0.15 8.233
Hongseong 0.686 204 225 0.82 -9.20 12.035
Cityhall of Dangjin 0.635 23.0 223 0.79 3.1 15.200
Sumyeon 0.683 15.2 16.9 0.82 -9.71 9.826
Daecheon 2-dong 0.655 15.5 20.3 0.76 -23.61 12.870

2 7129 7% 0.97~0.98% UHT = Toe HYlo
U:], Bias®} GE 2% AZF 7|&
(Emery and Tai, 2001). S}A%F 5-4:9] 74-¢- 0.4~0.73
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Fig. 5. Annual spatial distribution of major air pollutants (PM, s, NO,, SO,) in Chungnam. The circles represent the annual

average concentration of AQMS.
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Fig. 6. Spatial distribution of pollution in Chungnam region by pollutants emitted from coal-fired power plants.

Table 6. Contribution of pollutants in the region by coal-fired power plants located in Chungnam.

PM, 5 (g/m?’) NO; (ppb) S0 (ppb)
Region
(D) (2QTA 3)BR (MN+@+@B3) (1NDJ (2TA (3)BR (N+(2)+@B) (1)DJ (2TA (3)BR (N+(2)+(3)

SILs 0.2 0.487 0.35
Gyeryong 0.024 0.046 0.058 0.129 0.016 0.012 0.016 0.044 0.017 0.015 0.021 0.052
Gongju 0.049 0.070 0.091 0.212 0.031 0.021 0.026 0.078 0.029 0.023 0.037 0.088
Geumsan 0.019 0.023 0.028 0.071 0.011 0.006 0.008 0.026 0.012 0.008 0.013 0.033
Nonsan 0.030 0.051 0.056 0.138 0.017 0.011 0.018 0.046 0.017 0.014 0.024 0.054
Dangjin 0.092 0.098 0.192 0.390 0.143 0.075 0.060 0.281 0.133 0.067 0.072 0.276
Boryeong 0.042 0.069 0.223 0.340 0.025 0.042 0310 0.377 0.026 0.037 0.302 0.366
Buyeo 0.043 0.067 0.115 0.230 0.020 0.025 0.076 0.121 0.021 0.025 0.088 0.134
Seosan 0.060 0.117 0.195 0.377 0.063 0.163 0.093 0.321 0.067 0.130 0.104 0.304
Seocheon 0.035 0.056 0.130 0.226 0.016 0.026 0.117 0.159 0.017 0.025 0.126 0.169
Asan 0.059 0.080 0.145 0.287 0.050 0.030 0.036 0.117 0.052 0.029 0.043 0.126
Yesan 0.076 0.102 0.238 0.418 0.061 0.049 0.085 0.196 0.056 0.045 0.094 0.196
Cheonan (Dongnam) 0.047 0.052 0.078 0.178 0.039 0.018 0.015 0.072 0.039 0.019 0.022 0.079
Cheonan (Seobuk) 0.037 0.046 0.091 0.175 0.035 0.016 0.018 0.069 0.049 0.021 0.026 0.096
Cheongyang 0.055 0.092 0.162 0312 0.030 0.030 0.079 0.139 0.030 0.030 0.095 0.155
Taean 0.032 0.109 0.102 0.248 0.039 0.252 0.071 0.364 0.042 0.191 0.077 0312
Hongseong 0.071 0.115 0.330 0.519 0.045 0.066 0.181 0.293 0.045 0.056 0.185 0.287
Gray block : SILs exceeded region
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Fig. 7. Analysis results of trajectory measured in Dangjin, Taean, and Boryeong.
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Fig. 8. Intra-regional impact according to Coal-fired power plants located in Chungnam.
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