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Fig. 1. Study area location and four receptors of the Shahid Montazeri Power Plant
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Table 1. The time interval used for air pollution modeling
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Table 2. Model input information list related to the meteorolo gical domain of study
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Table 3. The WRF simulation option
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Table 4. Description of Esfahan meteorological station
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Table 5. Stack characteristics and emission rates of NOX from Montazeri power plant
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Table 6. Location of air quality monitoring stations in study area
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Table 7. Effective Parameters of Dispersion of Pollutants in the CALPUFF

(s/em) Judgyo Cunglio ol gylwlas el Sy 0eilB ol S STy (s/emv) yidy copd o.\.@ﬂ&y’
N \ Y/0 A o/\FOF NO,
Yo \ A Y o/\YYO NO

(Yoof) Tblo 5 Suz QLB aghy omizpes 5 I cokS
St 9o cudsS sladoe (v como lp (2la)lns
Jo5 3 0du b 50,5 o) oy lere oyl o 51 B el 00
Sy cwlio Lozl SO obul 4l cuns Ige cuiS Joaw SO
5 YAl casloas plol (g3l Jow 51 saul cavsds golis Spo
0315 (G 99y 38lg5 (yliue a5 el s o 2>l TOA L[¥e
i 9 SpSeilalpasls ol )o az e ) slanlie
sly a5l oog Gle Ol aSl s Hlais)50 (Sivcan
o By Lale Jlade L0sd e oduzmiw cud bl olie
Se 9 (Sl (Gt le ok jlde Bl jho sae 9o
el yuiito (0o line g 00 g o yolie pu JulS cds)
e Jor3 b 8,5has osins ol of i 5| VL ke JS55boe
9 925l i (gt 0 Jow Joles SSLLFB 3L . [FY] ol
oS ol o2l Kbles o)f o ylaie ol oo 2Bly 0 51,2
i ylade g Cwloaus sumlive e 5l e ould o yiuw oo
e 51yt oot oot Hladie a5 el ol saimalas o
Cewl Jae Gogs JBaul 5l slis ol og oo § casloas cunlice
5 Joe Zor @l om LI Oy (Sites jasLis [fo]
3ol Ol anals g amo oo plas |y Slage (g pSo3lasl slaosls
oaupd lis sl Sy Y s ol Hlade jad> e a5 ol +V B -
&l sl azls SGRMSE L[YA] cosl 3350 (g5l Joo SO
&S Cwlools 5l dcgamme SO bawy gt slalad anslie
s Jae ogr Bl olas sl 500 i 4 ol lade az o
olas ) ools acgozme IS )0 SouS1y jlade ;5 NMSE oL

d)LoT soold J,,br.@ég}.’;d-\’-\‘

Olojlo soleii ()Ll (glayal, sl onlanal b s ool yo
2355 2byl oelel g easec VLl culae clsli>
(FB) S ol 5Ll yabl g 5l g caiS (gl Je
Jby xope Xk sl (RMSE) s Sluje jd> n55ke
R) sy (Kitmmrod pio 5 10A) 3355 ja>Ls (NMSE) oy
lgo oS slo Jow oais gHlwass slrosls o, Sae byl e
zhul sl eoliulsyge (slo Jge,d [ Y99 YAl Conloas oslasul
cCawloas 03,9l Y slaalobas Lawgs L e 0l

FB = (a_E)
fW Q)
RMSE =| LS 18
- 7?%(3 _OI) (Y)
_ 1 S (Oi _Pz‘)z
NMSE _ﬁ; o7 2 )
L N'-RMSE
R D PRy RER |)] v
R = Zf‘vzl(o" _OT)(R _F’) (())
1/2
(Zfo-0) Z(n-E))

(b)) Sl sleosls Oi ( Juw >gy> slroslsPi ol s as

L’;"M Lngoo‘é u..i:l.m Oi ‘J..\.e L§>9)'> ‘_ngooL) u...f.:l.m Pl
cCawloads (6,503l slaosls S oluwsN g

Sl 095 bawgi a8 S Oy sl agn wlol 2

2 Joseph C. Chang & Steven Hanna

1 Interagency Workgroup on Air Quality Modeling

ye£



YAA B VAD docio OFAA Jlo o oyl DY 093 ¢3S paol (3 yos (it &yt

Jlo p,5 03k yo 5 sl ol g (gl 0/003F g Lod (gly 0/00YD
Silen polie . cwl ol cuegus gl —0/000Y g Les (gl —e/00)F
iy 4 g diitaad WRF Joe )0 (3] zolis 51 5,05 5. RMSE §NMSE
S Gty (5lys 0/ DAV D 5 0/eAVD g Lo (5l V/oYDY g 0/00e 1l
o/VEOY g /oYY 5 Lo (5ls 0/0%6) 5 /000 g Jluw 3,00 0L 5o
Joe a5 el (aseine (IS jebas . el Jlo o5 03b 50 ey 1
o3Lizal L1y WRF oo Lawgs o0y s s (sLoosls CALMET
25 0y S 9 (SS5es5 Sloosls LWRF slaosls g as
392 99 ein b mizee ol oanise dee JoS L0
‘a)f 0L )3 edwl Cewods gl a5 célyys Qlj;isn Olpiol oS!
QT‘_}:’Yo)’l a8 ] Jlo 04 03 3] o] s z=bs sl e Jlo
Cel a5 o8 o)Ll Jlo 8y 3L 5o rnljol,, Lylis 052 4 g 0
Olg o Colesyd 090 oo (owlidlsn slo Juws ;o Covgase sl
adgl 2,8 0l s WRE Jow slaools 5l oolawl a5 e85 ass
e ddlate (gamaw cwldlss lae ades 6l CALMET Jow
loarlelale STy s Ao Jlodisana )0 Jsd L cdon,
Sl 9 Lo :Sleo i Wigy 4 425 b iz e 98 o0
eobedlgn oliwnl )3 Jlo 0,5 9 0,00 03k 93 (512 ailyg) b sy
o wlad g Bolas Gl o camloss odygl F S 58 oS olpe]
oaboddlive Casyuw Olponsl Wg) iz e 9 (oles Wiy wig,
gl Ghes a5 95 csalin |y ot cin e o g Lo b

U W NCYTE

3,80ae oaumslis ol 3 S>oS 1uolie RMSE siilesd 5 oo oo
AFe g YA el Joo g

Wy cou ¥
solidlon glagluwdns (obyl-Y)

i Olaebl cobl (puyp jshieds tag ool o

IOA: FB.) (o jlael asla [l 5l swlislss giluas
oalitwl b (glel oyl ol . cewloas osliwwl (RMSE s NMSE
50 A oddlice 5 oad Jow ob cep g Lo slaools anslis
;9 CALMET § WRF e 55 (slp olgiol swlislen olKauyl
WRF Jae owlislsn obs)l o casloas 03,5l 4 9 A sla Jso
i Jlo 25 9 05 03 50 Led (1 TOA (33155 (sl olie
3L 50 oL Cepw Sl TOA iz oo sl o/AWYY 5 o/AYYF
eSles e ol o/FY0N 9 /DAY ply Culy A 85 g Oy
0/VAo 30/ BF %0 Ly a3 & Sy Juad ,o RMSE 3 FB. NMSE
0L s lys Y/WIY 5V /o8 Ao 5 o/ TYYA g Lo (gl Y/5¥Y0 5
Loo Sl V/YYPY g —e/00)A g =0/ YFFo plyy iy s o5 Juad yo
bl o sl ol ey 6l Y/YOFY g 0/ FVR0 g -0/ VOYY 4
Los sl I0A 38lgs a3l ;olie i CALMET Jow gwlislse
oL ey (5l 5 0/20YF 5 0/NPY i a0 Jlo 0,5 9 050 030 )0
FoS 425 B )b FB Sl jlade . cuol o /ADY g0/ VY00
Jlo 3 a0 0L 0 456 b ds « e WRF o 53 ol o5 keo e 5|

(Jw 3y 03b) Lol 0! ;o WRF g CALMET sl Jowo Uyl gl . A Jguo
Table 8. Statistical verification for the CALMET and WRF simulation at meteorolo gical monitoring site (Cold period)
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Table 9. Statistical verification for the CALMET and WRF simulation at meteorolo gical monitoring site (Warm period)
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Fig.4. Average daily variations in observed and simulated wind speeds and temperatures
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SURFACE - SURF.DAT: Station ID = 403000
Height = 10.00 m; [Jan 5, 2014 - 1:00:00 AM to Jan 25, 2014 - 12:00:00 AM (UTC+0300)]
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Fig.5. Windroses constructed from observed and simulated data from Esfahan surface station. (a) Simulated data in cold
period, (b) simulated data in warm period, (c) observed data in cold period, and the (d) observed data in warm period
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Fig. 6. Distribution of NO2 pollutant concentrations as an average of one hour in the cold period 0f 2014
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Fig. 7. Distribution of NO2 pollutant concentrations as an average of one hour in the warm period 0f2014
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Fig. 8. Wind field for study area in maximum concentration of pollutants during (@) cold period and (b) warm period
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Table 10. A comparison of the mean values of simulated and observed data at 4 monitoring stations around the power plant
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Table 11. Model validation results for NO2 in two time intervals

NO
RMSE NMSE FB T10A R R OT O
v/\fo o/o¥) o/oAD o/Y\Y o/ YA A
f/\YF /o\Y o/oVo o/OAD o/Yof B
Jle 3 03L
Y/70) o/oYA o/efY o/Y\e o/YYe C
V/\¥e o/oY LYAYN o/YOF o/ AAY D
Y /o\o o/oAA o/oAY o/EYF o/ Ao A
V/YSo /00§ o/oV§ o/VEO o/ AYY B -
JlepS et
\/oAa u/oaa u/oa& °/A9& °/c“~f C
") o/ofA o/oYY o/Y\F o/YPY D

St & Ol Slo 1539 5| Sogd 05 sz 5 Jab
Wb canydaze Glnas cplplo (ewdsls (9,5 oYl ol el
byl o5 Blg 3o o (i sl 55 el
ad )54 (gl 5Ll zols s )8 Bas (WS e oolanwl gl
srosls Jod LlE g ilaie 38les 5l Lis 5.5 CALPUFF Jow sl
s 0dydy 50 slovalive (sldosls g Jow Jawgs oo giom i
S o0 sla bl 4 4z g5k g gemeys 5 035 0By, Sl o
oo cdalé o o ;9 |, CALPUFFE Juws 3,Skes 3ls3 oo
dap coaS oo jalateds Loy Joud P YL cds L
oM Jis b s bl J,8 (o5l amogs Jlza e
3 ks b adlate jo ros¥T Lausl sgou § olpe cadlais jo
Olgreds CALPUFF  SuuST, Jow 3l (lgs o gz (yao 40.0,5
5 IS sloslyind Julosass sl cmslie sale bl ol

Sy oolizallyn So9T3| 65e5 s 5 Sl Sl (5l

(13548 9,550

oo a5 9 S5 ilye wiilo go Y 095 OBUunys
Sl 4 Oledol liwl gy Lo lojls pyiee o ppiia sl 095
eyl oslazul sliwl) )5 (Saalon § 3o (ol 2o ()0
o sl e

&l
[11M.J. Molina, L.T. Molina, Megacities and atmospheric pollu-
tion, Journal of the Air & Waste Management Association, 54(6)
(2004) 644-680.
[2] S. Sakulniyomporn, K. Kubaha, C. Chullabodhi, Estimating
the health damage costs of electricity generation in Thailand,
in: Energy and Sustainable Development: Issues and Strategies

(ESD), 2010 Proceedings of the International Conference on,

AR R

S5 -

WRF - 4> LS5 (650w Jow e 3l oolacwl b« aghy ol o
NOX oas¥l yuuSTy g idu auies 0920 (65lwdpnis 4 CALPUFF
alop pledol g ke dazmo g oy (slo 253953 (29>
y8as 09 b bl o ol ) g Oldlas lawl o . caloass
ol yio 3 CALPUFF Jaw slaculld 5 leeosgases
0470 e 1435 590 CALMET _wlislys Jow awile o
bl Jas U WRF wlislss (goue Jow gludinsn
500l amaw laue (33l Cawdds (sl CALMET swlslgn
b abaly jo Oledbl ads o al>yo 0 . cawloas 00ls 7,0 adlais
055,00 sl 25390 5l ouus piiie (sWdoai¥T oas (6 ,u503lail olie
S35 adlaie wlislen gloolKinsl 5l cwlinlya slayell g
< Cewloas aps CALPUFF Jow sla! cpm 3Lis,g0 Sledbsl 4
1o Jas 8kae e 5 s ssliioss Jao szl an
SrSoilil polie b e Jaw sl 5l Jols gols oo aus) IS4,
oolatwl b g anplin Jascs (55051050 slaolSin! Lawgs oo
elad S )3 oyl 50 < 5yl Ll (g

@iloae 3T sl ad)a Ll jasls bz mls
St O WRE oo el BB eds Sibles dilaie cwlislse
CALMET Juaw YU 8o iz o g dithaie cwlislgn slaosls
slrosls gudas b 5l didlaie cwlislss sbdosls (g3lwas yo
&35l Jolo gl el 03 60 9 (BSome5 Slaosls LWRE
&9 blwg o Sl bl 51 L NOX sas¥l ST,
5 g disle owliilyn Lad Lol b oai¥l ol clale lad
R ez e IS (S9x )lab) (e g9z a0k e
Slolas Jlo sy 03l 50 00t g3lwans NOX oun¥l cdalé xies
oBgy 4 Soo3 (>lgd ;0NO, oai¥l (gl oo oS 05 conig
30 Sgile g 3l o8y ool Juo 1y ol (lgs o 45 il



ing the 12th FYP period in Guiyang city of China, Atmospheric
Environment, 69 (2013) 273-280.

[17] K. Ghannam, M. El-Fadel, Emissions characterization and
regulatory compliance at an industrial complex: an integrated
MMS5/CALPUFF  approach, Atmospheric Environment, 69
(2013) 156-169.

[18] S.A. Abdul-Wahab, K. Chan, A. Elkamel, L. Ahmadi, Ef-
fects of meteorological conditions on the concentration and dis-
persion of an accidental release of H2S in Canada, Atmospheric
Environment, 82 (2014) 316-326.

[19] K. Prueksakorn, T.-H. Kim, C. Vongmahadlek, Applications
of WRF/CALPUFF modeling system and multi-monitoring
methods to investigate the effect of seasonal variations on odor
dispersion: a case study of Changwon City, South Korea, Air
Quality, Atmosphere & Health, 7(1) (2014) 13-27.

[20] P. Holnicki, A. Kaluszko, W. Trapp, An urban scale applica-
tion and validation of the CALPUFF model, Atmospheric Pollu-
tion Research, 7(3) (2016) 393-402.

[21] S. Abdul-Wahab, G. Al-Rawas, S. Ali, S. Fadlallah, H. Al-
Dhamri, Atmospheric dispersion modeling of CO2 emissions
from a cement plant’s sources, Clean Technologies and Environ-
mental Policy, 19(6) (2017) 1621-1638.

[22] J.S. Scire, D.G. Strimaitis, R.J. Yamartino, A user’s guide
for the CALPUFF dispersion model, Earth Tech, Inc. Concord,
MA, (2000).

[23] J.S. Scire, D.G. Strimaitis, F.R. Robe, Evaluation of en-
hancements to the CALPUFF model for offshore and coastal ap-
plications, Federal Register, (2003).

[24] J.S. Scire, F.R. Robe, M.E. Fernau, R.J. Yamartino, A us-
er’s guide for the CALMET Meteorological Model, Earth Tech,
USA, 37 (2000).

[25]1 A.D. Visscher, CALPUFF AND CALMET, in: Air Disper-
sion Modeling, John Wiley & Sons, Inc, 2013, pp. 514-541.

[26] W. Pfender, R. Graw, W. Bradley, M. Carney, L. Maxwell,
Use of a complex air pollution model to estimate dispersal and
deposition of grass stem rust urediniospores at landscape scale,
Agricultural and forest meteorology, 139(1-2) (2006) 138-153.
[27] A. Hernandez-Garces, J.A. Souto, A. Rodriguez, S. Saave-
dra, J.J. Casares, Validation of CALMET/CALPUFF models
simulations around a large power plant stack, Fisica de la Tierra,
27(2015) 35.

[28] T.G. Farr, PA. Rosen, E. Caro, R. Crippen, R. Duren, S.
Hensley, M. Kobrick, M. Paller, E. Rodriguez, L. Roth, The
shuttle radar topography mission, Reviews of geophysics, 45(2)
(2007).

[29] Y.-L. Lin, R.D. Farley, H.D. Orville, Bulk parameterization

IEEE, 2010, pp. 1-9.

[3] S. Nazari, O. Shahhoseini, A. Sohrabi-Kashani, S. Davari,
H. Sahabi, A. Rezaeian, SO2 pollution of heavy oil-fired steam
power plants in Iran, Energy policy, 43 (2012) 456-465.

[4] Statistical Report on 49 Years of Activities of Iran Electric
Power Industry (1967-2015), Tavanir Holding Company, Iran,
2016.

[5] M. Lopez, M. Zuk, V. Garibay, G. Tzintzun, R. Iniestra, A.
Fernandez, Health impacts from power plant emissions in Mexi-
co, Atmospheric environment, 39(7) (2005) 1199-12009.

[6] J. Hao, L. Wang, M. Shen, L. Li, J. Hu, Air quality impacts
of power plant emissions in Beijing, Environmental Pollution,
147(2) (2007) 401-408.

[7] L. Cox, R. Blaszczak, Nitrogen oxides (NOx) why and how
they are controlled, DIANE Publishing, 1999.

[8] H. Yu, A.L. Stuart, Spatiotemporal distributions of ambient
oxides of nitrogen, with implications for exposure inequality and
urban design, Journal of the Air & Waste Management Associa-
tion, 63(8) (2013) 943-955.

[9] S. Abdul-Wahab, A. Sappurd, A. Al-Damkhi, Application of
California Puff (CALPUFF) model: a case study for Oman, Clean
Technologies and Environmental Policy, 13(1) (2011) 177-189.
[10] B. Chowdhury, P.K. Karamchandani, R.I. Sykes, D.S. Henn,
E. Knipping, Reactive puff model SCICHEM: Model enhance-
ments and performance studies, Atmospheric Environment, 117
(2015) 242-258.

[11] N.S. Holmes, L. Morawska, A review of dispersion model-
ling and its application to the dispersion of particles: an overview
of different dispersion models available, Atmospheric environ-
ment, 40(30) (2006) 5902-5928.

[12]S. Li, S. Xie, Spatial distribution and source analysis of SO2
concentration in Urumgqi, International Journal of Hydrogen En-
ergy, 41(35) (2016) 15899-15908.

[13] S.A. Abdul-Wahab, S.O. Fadlallah, A study of the effects of
vehicle emissions on the atmosphere of Sultan Qaboos Univer-
sity in Oman, Atmospheric environment, 98 (2014) 158-167.
[14] D. Yang, G. Chen, R. Zhang, Estimated Public Health Expo-
sure to H2S Emissions from a Sour Gas Well Blowout in Kaixian
County, China, Aerosol and Air Quality Research, 6(4) (2006)
430-443.

[15] D.L. Maclntosh, J.H. Stewart, T.A. Myatt, J.E. Sabato, G.C.
Flowers, K.W. Brown, D.J. Hlinka, D.A. Sullivan, Use of CAL-
PUFF for exposure assessment in a near-field, complex terrain
setting, Atmospheric Environment, 44(2) (2010) 262-270.

[16] H. Tian, P. Qiu, K. Cheng, J. Gao, L. Lu, K. Liu, X. Liu,
Current status and future trends of SO2 and NOx pollution dur-

¥y



YAA B VAD docio OFAA Jlo o oyl DY 093 ¢3S paol (3 yos (it &yt

[38] J.S. Irwin, Interagency workgroup on air quality modeling
(IWAQM) phase 2 summary report and recommendations for
modeling longrange transport impacts, DIANE Publishing, 1998.
[39] A.Q. Branch, Reassessment of the Interagency Workgroup
on Air Quality Modeling (IWAQM) Phase 2 Summary Report:
Revisions to Phase 2 Recommendations, (2009).

[40] J. Chang, S. Hanna, Air quality model performance evalua-
tion, Meteorology and Atmospheric Physics, 87(1) (2004) 167-
196.

[41]1 H.D. Lee, J.W. Yoo, M.K. Kang, J.S. Kang, J.H. Jung, K.J.
Oh, Evaluation of concentrations and source contribution of
PM10 and SO2 emitted from industrial complexes in Ulsan, Ko-
rea: Interfacing of the WRF-CALPUFF modeling tools, Atmos-
pheric Pollution Research, 5(4) (2014) 664-676.

[42] K. Seangkiatiyuth, V. Surapipith, K. Tantrakarnapa, A.W.
Lothongkum, Application of the AERMOD modeling system for
environmental impact assessment of NO2 emissions from a ce-
ment complex, Journal of Environmental Sciences, 23(6) (2011)
931-940.

[43] S. Sillman, Tropospheric ozone and photochemical smog,
Treatise on Geochemistry, 9 (2003) 612.

[44]J. Ma, H. Y1, X. Tang, Y. Zhang, Y. Xiang, L. Pu, Application
of AERMOD on near future air quality simulation under the lat-
est national emission control policy of China: A case study on an
industrial city, Journal of Environmental Sciences, 25(8) (2013)
1608-1617.

[45] B. Zou, J.G. Wilson, F.B. Zhan, Y. Zeng, K. Wu, Spatial-
temporal variations in regional ambient sulfur dioxide concen-
tration and source-contribution analysis: A dispersion modeling
approach, Atmospheric environment, 45(28) (2011) 4977-4985.

of the snow field in a cloud model, Journal of Climate and Ap-
plied Meteorology, 22(6) (1983) 1065-1092.

[30] M.-D. Chou, M.J. Suarez, X.-Z. Liang, M.M.-H. Yan, C.
Cote, A thermal infrared radiation parameterization for atmos-
pheric studies, (2001).

[31] E.J. Mlawer, S.J. Taubman, P.D. Brown, M.J. lacono, S.A.
Clough, Radiative transfer for inhomogeneous atmospheres:
RRTM, a validated correlated-k model for the longwave, Journal
of Geophysical Research: Atmospheres, 102(D14) (1997) 16663-
16682.

[32] Z. Janjic, The surface layer parameterization in the NCEP
Eta Model, World Meteorological Organization-Publications-
WMO TD, (1996) 4.16-14.17.

[33] M. Tewari, F. Chen, W. Wang, J. Dudhia, M. LeMone, K.
Mitchell, M. Ek, G. Gayno, J. Wegiel, R. Cuenca, Implementa-
tion and verification of the unified NOAH land surface model in
the WRF model, in: 20th conference on weather analysis and
forecasting/16th conference on numerical weather prediction,
2004.

[34] Z 1. Janji¢, The step-mountain eta coordinate model: Further
developments of the convection, viscous sublayer, and turbulence
closure schemes, Monthly Weather Review, 122(5) (1994) 927-
945.

[35]J.S. Kain, The Kain—Fritsch convective parameterization: an
update, Journal of Applied Meteorology, 43(1) (2004) 170-181.
[36] F. Jafarigol, F. Atabi, M. Momeni, The Survey of NOX Dis-
tribution Using Dispersion Models AERMOD and CALPUFF
at a Gas Refinery, Journal of Environmental Health Engineering,
3(3) (2016) 193-205.

[37] 1.S. Scire, Z.-X. Wu, D.G. Strimaitis, Implementation and
Evaluation of ISORROPIA in CALPUFF, (2013).

Please cite this article using:

Amirkabir J. Civil Eng., 51(2)(2019)297-313.
DOI: 10.22060/ceej.2018.13434.5408

M. Rahimian, Y. Rashidi, A. Rashidi Mehrabadi , The analysis on distribution of NOX pollutant concentration
from exhaust flues in shahid montazeri power plant at Isfahan using combined WRF-CALPUFF model

S ookl 5 @le jl dlie cpl @y gl )l ol E E

¥y



