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Abstract

This study is carried out to predict the temporal and spatial variation of
emission from new municipal solid waste incineration facility (MSW facility)
by using the CALPUFF model.

It can be seen that the contributing concentration at each receptor point
was relatively low although the MSW facility is operating with the present
Korean Emission Standard. As a result of modelling, the maximum
contributing concentration is 0.665 ppb of NO, and 0.19 ug/m’ of PMjp. It can
be concluded that the effect of flue gas from new MSW facility on its
surroundings is insignificant because of the low contributing concentrations of
air pollutants emitted from New MSW facility.

The dispersive types of flue gas from New MSW facility can be classified
into four categories on the north-eastern part of Jeju Island, that is, winter
type (Jan., Feb., Nov., and Dec.), spring type (Mar. ~ May), summer type (Jul.
and Aug.) and Fall type(Sep., Oct., and Jun.). This is due to that CALPUFF
model well reflects the wind change according to variation of time.

However, the results of modelling in this study were not considered the

wet deposition of air pollutants by the rainfall.
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CALPUFF 2499 AR H & UTMHFEE 259%km, 3688km A AL 7|EFo =
3t 50km<40km=E AASIA =, o] g g digk FAH <] W8S Table

1ol Jerdth el 2hE gidA g

Table 1. The Input data of modeling domain

g EAL Fig 69 eI

Items Input
Grid origin X(Easting) 259 km
(reference point) Y (Norting) 3688 km
Grid spacing(AX) 1 km

Domain Range

Domain Size

X(Easting) 259 ~309km (50km)
Y(Norting) 3688 ~3728km (40km)
Nx(No. X grid cell) 50
Ny(No. Y grid cell) 40

Universal Transvers

Projection
Mercator(UTM)
UTM Zone 52(Northern)
No. of Vertical layers 8

Cell

face heights(m)

0, 20, 50, 100, 200, 500
1000, 2000, 3000

Time zone

UTC+0900

Modeling Period

2013.01.01.~12.31

Continent/Ocecan

Asia

Geoid-Ellipsoid

Korean Geodetic System
1995
: WGS 84

Region

South Korea

Datum

KGS
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2 AFodAE v =5A A2 (United States Geological Survey, USGS)oll A A&
3l 1 km 7F4<¢] Land Use/Land Cover (LULC) Eurasia A9<¢] EXA| o] 8459}
90 m %tZA°] SRTM3 (Shuttle Radar Topography Mission 3 arc-sec) Eurasia A<
ARE &t AFARE YAHANA ARESHATH

L e 2 =
A% 714 d9AEE o) 713BSLAF, A, AAE, aahe] AREE A2
BARE AAHE ZEIHWSMERGE)S.E 181 1374 48 s 14HRSAd

Table 2. Location of weather station

Site UTMx (km) UTMy (km) height (m)

Jeju 270.9 3711.3 19.9
Surface Air Sungsan 303.1 3695.8 18.6
Observation Station Seogwipo 273.3 3681.6 50.5

Kosan 236.2 3688.4 70.9

Upper Air .
] ] Same as Kosan station
Observation Station

B AFME T3 29 WRFe Axs A&, AFthadA )
gt 717%43s Ab=sir] I8lAl Table 33 Fig. 70 X<l vRe} o] 30 km, 10 km,
3 km, 1 knZ 4709 =wIle FAAoH, HF RIAEE &8 vl D=
AFz HALS AR, 98 knx85 kn, AAZE 1 kmZ FASET. =<

)
o
=
lo
o>
oz
=
N
O>’
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S+ CALPUFFY 7143 Axg] =4 CALMETS 38 79
He oo ABE EEFEE HAEAT. WREF 2d9 7] 2 AAZAL A5

°of N&3t sd=et 5 &olde st NCEPoIA A183dt= FNL(Final) &7

S}
=
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AR 2AFQ] 6417 HA Q) 1.0°%1.0° AR E ©]&3H tHSon, 2014).

Table 3. Grid options used in WRF Model

Domains D01 D02 D03 D04

Cells in x-direction 74 37 61 94
Cells in y-direction 61 55 58 85
Horizontal resolution(km) 30 10 3 1

Fig. 7. The nested model domain for WRF simulations and topography of the domain 4.
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A AAE AR A28 deiA A &3 WEF ARE 44 A
o 714 1@ 7IEe g 1A S S A0 AEE NO, PMip°l ARE CAPSS
FolAel mMEF AEE NOx, HA(TSP)Z Y=ol ok wehr] e Aol o
NOx¢} TSP9| 715 5% 7t NO9F PMp 2 & 7H3tal o] & ti7| 847153 o
NAAEZAH L A5t vlusilt

Table 4°l:= CAPSS #% T & AFtHdA G sidsts |, A eddolA o
F5 = NOx¢t |A(1SP)9] wiEd= A2lste] Uebdth. CALPUFFAlA = Hedd
F Aedde] dHAA o AFhe] 7] wFel & AFNAE 1 knx1 kno] AA
2 AlEs= CAPSS ARE 5 kx5 km AR AFAst YHASR AHSHAH
AFAE dhAEd s Fig. 8l Az Ul

Table 4. Emission rates of NOx and TSP from area and mobile sources applied to

this study.
Type of source NOx(kg/yr) TSP(kg/yr)
Area source 589,194 1,315,980
Mobile source 4,504,764 1,031,804
Total 5,093,958 2,347,784
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Fig. 8. Emisson rates of NOx and TSP from area and line sources.
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Table 5. Emissions of NO, and PMj from point sources applied to this study

Stack
Stack Temp. .
Source NOx(g/sec) | PMio(g/sec) i . diameter
height(m) (C)
(m)
Sanbook | 41 | 3866 0.0200 60 168 0.8
MSW
Inci #2 0.3653 0.0203 60 170 0.8
ncinerator
#1 4.9763 0.1014 70 111 25
#2 4.3834 0.1038 70 123 25
#3 0.0018 0.0000 70 111 25
Samyang
Jungnu #4 0.0014 0.0000 70 123 2.5
Power #5 30.4976 0.2495 70 130 31
Plant 46 |  31.5685 0.2425 70 142 3.1
#7 1.1795 0.0369 5 - 2
#8 0.0162 0.0005 8 - 3.94
3o AFALNNE AFZ 22408e DUGTA AU FT At

d, 27449 FEI FAHOR BHHAE FOL 500 ton/day °lF Hels}
Aed FEZ FAHD Yk Wb B ATelA 27 2744 500 ton/day ©]
4 A7 e ALE JPEetR ol ANe HAE] 96 WA AEHow &
GE L 9l 500 ton/day o4 TR £ZAMe) B AYe 2AE 1 ARE

Table 69 AE3tA T £ AFolAe AFAAE LA ALSZ Table 62 =
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Table 6. Selected input data for stack conditions for New MSW facility

Type of UM Stack Stack Exhaust Gas
pollution coordinates height diameter | velocity temp.
source X(km) | Y(km) (m) (m) (m/sec) (C)
point
288.460 | 3711.126 100 1.0 24.47 200
source

Table 7. Emission of the existed Large-scale MSW incineration facilities

MSW capacity NO2 PM10

o (ton/ day) (g/5e) (/5e)
(= 500 ton/day) tg:}{ No. | #1 #2 | sum | #1 #2 | sum
Suwon 300 2 1.86 | 1.82 | 3.68 | 0.081 | 0.070 | 0.151
Sungnam 300 2 1.06 | 095 | 2.01 | 0.049 | 0.042 | 0.091
Songdo 250 2 062 | 062 | 1.24 | 0.008 | 0.008 | 0.016

source : Operation of the National Waste Incinerators(2013)
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Table 704 HZo] Zo] H=zoz Ag&Fo] 500 ton/dayold?l &AL 6
MaolR e, 500~600 ton/day E% 2ZAIA g AEE dldo= st
ol Al &2ZAAMY FHEFMETFES AHEA NO= 231 g/s, PMype 0.09 g/so =2
UER T, B AFoAe AgiadAded s E2ANEEE &85t oy, 500
ton/day?] &Fo|nZ B JMeEE &AZ27F 250 ton/day HEE 2718 7HEdA

enz & ATANE ]2 Jhed Ao oSt

ik

=

rr

ol

33. 71 AF=AA A=

mdo] Az Wrlety] 98] BAF thr] 29 NOSF PMy BEE AT0de
Yol xet= gr)dAE=gdme] 422 4390 B AFgadd Yo 9%
s g AAEZAee] td HHE Table 8o UERATH ATgAA Ay 2 29

ZHa AR B AFNME T2 o|EF ZH40) ARE FHUOE FEIA

Table 8. Air pollution automatic monitoring station within the domain of this

study.
Site name UTMx UTMy location

Ido 267.818 3708.004 Jeju City Hall
Yeondong 270110 3710.421 Office building of

Jeju Province
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Fig. 9. Monthly averages of wind speed(a) and precipitation(b) during the last ten years.
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Fig. 10. Wind rose at Jeju city during the last ten years.
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Fig. 11. Wind rose measured at each weather staition for January and February.
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Fig. 12. Wind rose measured at each weather staition for March and April.
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Fig. 13. Wind rose measured at each weather staitionfor May and June.
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Fig. 14. Wind rose measured at each weather staition for July and August.
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(a) September
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Fig. 15. Wind rose measured at each weather staition for September and Octorber.
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(a) November
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Fig. 16. Wind rose measured at each weather staition for November and December.
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NOx¢F PMyod €¥B+ 59 HusEo #s Uelth 724 240 NOE
BA 1~3¥0 ¥R Fs=gtel =4 ety o€ 7t BA vEhd AL E 5 9
o AEE Bd BEHE~5E)H ALH(1~2€, 129)0 T2 AR =4

& g A HiwEs 39 YERRH. NO2 AW+ w5 10 ppb ©I%
—

H HAFEE 89 UERT AHE H

= AUHoE 22 FEFHS Hola Q. HaFEge=

290 pg/m'Z UERGOoH, A+ T+ 41 pg/m<S YERY I QT
olx g 6dolA 97t L F=EY FEFFO

AL o] Aol BT AL Dol Y& Ao Azt

Table 9. Summary of air quality data at Ido Automatic monitoring station

during 2013

Month NO: (ppb) PMio (ug/m’)
Ave. Max. Ave. Max.
Jan. 14 48 40 217
Feb. 14 47 32 188
Mar. 14 68 53 231
Apr. 12 59 47 156
May 13 48 61 170
Jun. 9 50 37 128
Jul. 9 30 29 106
Aug. 7 35 28 103
Sep. 5 25 33 124
Oct. 7 35 42 283
Nov. 11 45 53 290
Dec. 13 53 47 222
Annual 10 58 41 290
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Fig. 17. The contour of NOs concentration modeled for January and February
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Fig. 18. The contour of PMip concentration modelled for January and February
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Fig. 19. wind rose predicted for Jan.
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and Feb. at the site of New MSW incinerator.
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Fig. 22. The contour of PMig concentration modelled for March and April.
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Fig. 23. wind rose predicted for Mar. and Apr.
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at the site of New MSW incinerator.
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Fig. 26. The contour of PMig concentration modelled for May and June.
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Fig. 27. wind rose predicted for May. and Jun. at the site of New MSW incinerator.
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Fig. 28. The position of daily max. ground level concentration of NO2 and PMio

modelled for May and June.
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Fig. 30. The contour of PMip concentration modelled for July and August.
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Fig. 31. wind rose predicted for Jul. and Aug. at the site of New MSW incinerator.
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Fig. 32. The position of daily max. ground level concentration of NO, and PMiq

modelled for July and August.
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Fig. 34. The contour of PMig concentration modelled for September and Octorber.
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Fig. 35. wind rose predicted for Sep. and Oct.
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at the site of New MSW incinerator.
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Fig. 38. The contour of PMig concentration modelled for November and December.
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Fig. 41. The comparative analyses of area of influence of flue gas from MSW faicility
which is operating at the emission cocentration of NO2 with the present Korea

emission standard and the reduced level less than the present standard.
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Fig. 42. The comparative analyses of area of influence of flue gas from MSW faicility
which is operating at the emission cocentration of PM;p with the present

Korea emission standard and the reduced level less than the present standard.
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Fig. 44. The simulated distributions of NO, and PMo concentrations by CALPUFF

model.
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