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ABSTRACT. The CALPUFF atmospheric transport model was used to estimate ambient air concentratien€6¥, 8{@, and PMs,

in a 256 kmregion surrounding the Daura oil refinery in Baghdad, Iraq duringmsixh period in the summer for 2013 and the winter

of 2014. The CALPUFF modeling system includes a meteorological processor (CALMET), a Lagrangian puff atmospheric transport
model (CALPUFF), and a post processor (CALPOST). Source term and meteorological data, including surface and upper air observations,
were preprocessed and formatted for CALMET and CALPUFF using FORTRAN programs. Monthly emission rates and stack param
eters for twale stack sources were included in the model. Winds out of the northwest predominated, followed by winds out of the north
and the wesfThe urban regions with the highest pollutant concentrations in the study domain were the Daura Express Highway located
sauth and southeast of the facility, and the refinery employee residences located west of the facility. These areasiertbelDsesa

oil refinery. Predicted pollutant concentrations showed thatg®@ CO were higher than N@nd PM:s, for the stugt period because
emission rates of SGnd CO were greater than Bl@nd PM.s. Monthly dispersion patterns were similar among the pollutants and
exhibit plumes in the predominant wind direction. Winter generally had the highest predicted pollutant abocemompared to the
summer months.
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1. Introduction corcentrations (Ahrens, 2007).

Combustion sources are a primary source of atmospheri Previous researchers have investigated the emission and

C, . - i
pollutants (Warkand Warner, 1976). Atmospheric emissions d!spers'lon of pollutan}s from oil refinery operations in the re
from industrial facilities such as oil refineries remain one of the 919N Using atmospheric transport models. (Abughab et al.
largest environmental problems in many countries around the?002) analyzed air dispersion of S&missions using the 4n
world. These industrial facilities emit large amounts of criteria dustrial Source Complex Short Term (ISCST) model at the
pollutants that inelde sulfur dioxide (S§, carbon monoxide ~Mina al Fahal refinery in Oman. Gzar and Kseer (2009) investi
(CO), nitric oxides (NG), and particulate matter (PM). gated atmospheric essions and dispersion of pollutants (HC,

The transport of pollutants in the atmosphere is a result OFO’ NQ, and PM) under variable meteorological conditions,

three processes; advection transports pollutants in the meafﬁom three South Gas Company plants irBaisrah in Iraq us

wind direction, turbulent diffusiotdispersion) spreads the pol N9 @ Gaussian Plume model. Mehdizadeh and' Rifai (2004)
lutant along the transport path, and molecular diffusion spread¥Sed two atmospheric transport modetsreBning Air Disper
pollutants in the absence of advection (Wark and WarnerS'O" Model (SCREEN) and ISCST, to assess the significance

1976). These factors depend on the mean wind velatity of individual point sources at on concentrations at high lati
spheic stability including inversions conditions, and the influ  tudes.
ence of topography. Higher wind speedsult in greater dilu The CALPUFF (CALifornia PUFF) model (Scirt al.,

tion of pollutants in air and lower pollutant concentrations. 2000) was used in this work to investigate the atmospheric dis
Atmospheric instability results in greater turbulent diffusion, persion of the criteria pollutants SO, NG, and PM2.5, in
andthus geater plume spreading resulting in lower pollutant areas adjacent to Daura oil refinery, which located in the center
of Baghdad, Irag. Numerous studies have used CALPUFF to
estimate atmospheric pollutants concentrations from emission
sources. Levy et al. (2002) used CALPUFF to model the prima
ISSN: 26636859print/26636867online ry and secondary Particulate Matter (PM) concentrations relat
© 2019 ISEISAIl rights reserved. doi:0.3808/jeil.201900014 ed with emissions from industrial area in lllinois USA. Elbir
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(2003) edmated atmospheric concentrations from,&is 2.1 Description of Daura Oil Refinery Area

sions using CALPUFF at Izmir in Turkey, Oshan et al. 2006 Daura oil refinery represents the main refinery of the MRC
investigated pollutant concentrations in an urban area in Oh'O(MidIand Refineries Company) in Irag. It is located on the
USA, he showed that CALPUFF Qistein&ifelof Tiges RV, Afdukdh sdiith 6f thé cerfte? of t N0 s
produced by the AERMOD (Agrican Meteorological Society  gagrad. The city of Baghdad is located in about the center of

Environmental Protection Agency Regulatory Model) for the Iraq (Figure 1) and situated in generally flat terrain.
urban area studied. Dresser and Huizer (2011) compared pre

dicted pollutant concentration from CALPUFF and AERMOD,
and concluded the performance of CALPUFF was bettan t

Daura refinery typically operates Z¥urs per day and
processes large amounts of crude oil that is refined into various
d petroleum productdt is one of the largest sources of air pellu

AERMOD in the near field (< 50 km). Jeong (2011) use tion in Baghdad met it The D fi includ
CALPUFF and AERMOD to evaluate the dispersion of odors lon in baghdad metropolitan area. The aura refinery includes
twelve units comprising thirty processing plants. In the present

emitted from an industrial area in the Seobu industrial complex K th . : ve individual poi
in Korea. He concluded that the CALPUFF predicted concen \t/)vor ; these _ur_nts C(_)nS|dered as twelve indvioua point sources
trations better matcieobservations than those of AERMOD  PE¢ause minimal istance separates individual processing
did for average downwind odor concentrations. plants and some plants share the same stack.

Rood (2014) compared predicted tracer concentrations Urban areas comprising _buildings and palm ”e‘?s ;ituated
from four atmospheric dispersion models including CALPUFF, a}rpund the refinery, along with a small factory for liquid gas
AERMOD, and ISC2 with observed tracer concentrations tak I'Elll(':nﬁ Tgﬁ dAih"e:n2?3:;';.ZSSa;ggf??{g’;ﬁf%?iﬂ%f g:)e th
en attwo concentric sampling rings 8 and & from the re M, la qu : W 4

lease point. Rood (2014) concluded that the CALPUFF modelweSt of the facility. The employee residence compound lies on

exhibited the smallest variance, highest correlation, and highesg:u\r’vaeg’)t(errgsidﬁie h?/r/a:h?ulr?sa:rlinreftﬁ:gb;ﬂiﬁiguttrﬁi:ag?Ed
number of predictions within a factor of two compared to the P 9 Y 9

steady state mets (AERMOD and 1SC2). of t_h_e facility and eventually crosses the 'I_'lgrls River east of the
’ o ] facility. A flat undeveloped region occupies the north side of
Air pollution is one of the largest environmental problems tne facility and extends to the southern bank of the Tigris River.

in Baghdad, Iraq. The Daura refinery facility emits large pirectly north of the Tigris River from this undevetbarea is
amounts of pollutants to the ambient air. The annual averagg,e densely populated Marada district.

emission rates of SOCO, NQ, and PM;s were 35189.1,
31077.5, 3078.5, and 831.4 ton/yesspetively for the period
from March 2013 to February 2014. Thus, gaseous pollutan
and particulate matter is anvironmeral health concern to the
workers in Daura refinery and people who live in the surdeu
ing area.

To the best of our knowledge, this is the first application
of CALPUFF modeling in Iraq for the four pollutants of eon
cern (SQ, CO, NQ, and PMs). Emission rates of the pollu ™
tants calculated for twelve emission points over a periodkof si
months. These twelve emission points represent the combinec
emissions from 30 plants, and 35 stacks using monthly averageé:
fuel consumption at Daura production units. We simulated
monthly-average pollutant concentrations and identified the re
gions with he highest pollutant concentrations in urban areas i
within the city of Baghdad. In addition, we also investigated *™| " ="
seasonal (i.e., summer and winter) variability of pollutant con
centrations.

The organization of this paper is as follow. BaCKGroURM Nyl Timig b fbian 1)
formaion, data, and study methods presented in Section-2, fol
lowed by a description of the CALPUFF model in Section 3.
The results of this work showed in Section 4, and Section-5 pro i
vided a summary and the main conclusions. RS S, (RS S S

The climate approximately of Baghdad Iraq characterized
py hot, dry summers and cool, wet winters. Winds are predomi
nately from north to northwest (Shubbar et al. 2016). The aver
age daily higtemperature in the winter is 16 € and the aver
age daily low in the winter is 2 €. Summer temperatures often
reach over 43 € during July and August (Zakaria et2013).

Daura refinery

2. Background Information, Data and : | Longiude: 44.432574 °E
Study Methods ; i : i Latitude:33.275223 °N

WE 0E Q2 4E %E @E E

A general description for Daura oil refinery, geographic
and climatic conditions of the Baghdad region provided first, Figure 1. Geographic map shows main cities in Irag, and the
followed by the methods used in source term development anded circle represents the location of Daura oil refinery in
atmospheric modeling iroduced in this section. Baghdad city.
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Table 1.Characteristics of the Point SouréeDaura Refinery

Point source Number of stacks Stack height (m)  Stack diameter Stack gas exit temp. UTM coordinates (km)
(m) (K)
East North
CDU_1 1 46 24 640 446.641 3682.470
CDU_2 1 46 2.7 612 446.467 3682.386
CR_1 4 30 1 643 446.531 3682.305
KH 2 20 1 593 446.560 3682.415
CR_2 5 30 15 548 446.770 3682.507
DCU_1 3 3 30 2 573 446.581 3682.240
PU_1 4 30 2 673 446.695 3682.143
PU_3 1 36 25 493 446.910 3681.871
LO_1 3 30 1 573 447.027 3681.711
LO 2 5 30 1 673 447.285 3681.583
LO 3 5 30 1 623 447.665 3681.581
PU_2 1 30 3 673 447.669 3681.362

Table 2.Domain Modeling Conditions

Grid origin (reference point definirdpmain location) in UTM X (Easting) 438.711 km
(Universal Transverse Mercator) coordinates Y (Northing) 3673.880 km
Grid Spacing ( ®X) 1 km
Domain size Number of X grid cells 16
Number of Y grid cells 16
Origin of Projection  Latitude 33N
Longitude 44°E
Projection Universal Transverse Mercator (UTM)
UTM Zone 38°N
Number of vertical layers 8
Time Zone UTC + 03:00
Region Iraq
Datum code ASIA/EUR-S
2.2. Characteristics ofthe Point Sources Fy = volumetric stack flow rate (fs'%)

The emission rates of tHeur pollutants were estimated d = stack diameter (m)
from monthly fuel usage at each of the twelve unitsg@t
sources) for each stonth period (June, July, and August, The volumetric flow rate calculated using:
2013; December, 2013January and February2014). The
emission rate assumed constant for the-moath modeling F, =(F./4.) @)
period. Table 1 shows the modeled Daura refinery point sources e
used in the CALPUFF model simulation.

where

2.3. Emission Rate Estimates

Emission rates of the four pollutants ($QO, NQ, and . i
PM.s), and stack gas exit velocity were calculated &lir 4o = density of gas (kg %)
twelve production unit stacks for the six months modeled using
the actual amounts of fuel that was consumed in Daura refinerffhe emission rate for S@alculated as:
during each monthThe equations for calculating emission
rates and stack gas exit velocity taken from G498 and 0 :(MV\gQ Ms)/( MW,) 3)
perfomed within a FORTRAN computer program. The stack
gasexit velocity calculated by:

Fn = mass flow rate of gas (kg'Rr

where
=F, /[ (d/2)* 1 )
v=R /L (d/2)] @ MW 5 = molecular weight of SE64 g mol?)
where Ms = mass of sulfur in fuel burned per hour of operation
(kg hr'?)
v = stack exit velocity (m'§) MW, = molecular weight of sulfur (32 g mé)
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The emission rate for CO calculated as:
Q= MfF, 4
where

Mf 4 = mass fraction of CO in exit gas (0.0045 kg)
Fn = mass release rate of gas from stack (k¥ hr

The emission rate for N@alculated as:
Q=ERgV (%)
where

E R = emission factor for NO2 (8.272 kg N@'® of fuel)
\Y = volumeof fuel burned per hour (hhr'%)

The emission rate for PM calculated with Equation Substi
tuting the emission factor for Pilof 2.396 kg PMs mof fuel
for ERg-

24. Grid Settings ofthe Study Domain
The first step in a CALPUFF modgimulation is defining

A 2. 1 & 2
14x 6 °qn1

C(x v 9= ——2 expila Sam oExp Dt

@pyaap, 1 ¢ Ty g

£ € 18z+h 02 ¢

| eXpe- —ge—— O 8Xp € —(z=—

i &2¢Y =g 8

where

C =the concentration at location x, y, z (¢°n
Q =the pollutant mass in the puff (g)

0, = standard deviation of the Gaussian distributions in
direction of wind (m)

0y = standard deviation of the Gaussian distributions in the
crosswinddirection (m)

0, = standard deviation of the Gaussian distributions in the
vertical direction (m)

h = height of the puff center above the ground (m)

The CALPUFF modeling system is comprised of three mod
ules, CALMET, CALPUFF, and CALPOST. The CALMET
moduke computes thredimensional wind fields and tempera
ture profiles from surface and upper air meteorological data,
adjusting for terrain influences. The CALPUFF module is the
Lagrangian puff model that uses the wind fields calculated in

the extent of the model domain, the horizontal and vertical gridCALMET to transferand disperse puffs in the model domain.
spacing, and appropriate map projection including the -refer The CALPOST module is a post processor for CALPUFF
ence point, which is the southwest corner of the model domainresults.

The time zone that the model domain residealso needed.

The grid system consisting of NZ vertical layers and NX xNY
square horizontal grid cells of size The grid spacing of the
vertical layers can be variable. Tablet®ows the grid setting

in the model simulation for the study domain in Baagh.

Most of the stack height of the Daura refinery around 30

m, the height of the mixing layer expected was 1h20In

addition, the vertical layers, which considered (in CALPUFF

model pracessing) it is for eight layers until 380.

3. Methodology

This section presents the general methodology used in the ! i
e di ; Sy ; CALPUFF Dispersion formation
CALPUFF atmospheric dispersion modeling including data Model e
flow, the conceptual framework, and mathematical basis of the I Sources
model. Concentration Output File

3.1. Modeling SystemUsed inthe PresentWork
The CALPUFF modeling systens an advanced nen

steadystate Lagrangian Gaussian puff dispersion model for the I
simulation of pollution dispersion and deposition in time and
space for varying meteorological conditions. A Gaussian distri

bution describes the spatial distribution of thess in each

Defines the Domain
Location Grid Settings

[ |
Land Use — | Terrain Elevation
Data — Geophysical Data Data
! Hourly Surface
o Observation
CALMET Meteorological Data
Model

Data

T g
Meteorological Output File
CALMET.DAT

CONC.DAT

CALPOST Postprocessor
Program

Plot Files Data &
Grid Files

puff. The concentration at each puff position (X, y, z in Garte Figure 2.Flow chart of CALPUFF model which applied in the

sian coordinates) calculated according to Equat&n({ser
guide EPA 1995; Scire et a22000; and Lee et aR014):

present work to perform the simulation of pollutants at the
study area.
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To predict theconcentration of the pollutants (3CCO, fering in magnitude. Highest concentrations observed along the
NO,, and PMs) in the model domain, the CALMET model Al-Imam Al-Hassan quarter in the easterly side, the residence
used to produce the gridded meteorological data file (CAL of refinery employee in the westerly side, and Daura Express
MET.DAT). The pollutant emission rates calculated in an-earli Highway in the southerly side of the refinery.
er step input into the CALPUFF modelgmduce gridded cen
centration files (CONC.DAT). The CALPOST module then
used to process the CONC.DAT file to produce temeraged 3l .
concentrations across the modeling grid. The overall proeess il (@) Wind rose ' ' =
lustrated in Figre2. L i s

3.2. CALMET Data Requirements HoO\S

CALMET designed to use surface and uppernateore = =
logical observations that taken routinely at airports and other
recording stations. Hourly surface data of wind speed, wind di © sa @co ]

0.0192
0.016
0.0128

rection, ceiling height, cloud cover, temperature, relative hu oo
midity, surface pressure, and precipitatislereneeded. Twice

daily sounding data at 0000 and 1200 GMT required as a
minimum for vertical profiles of pressure, elevation, tempera
ture, wind direction, and wind speed. Geophysical data that
summarized in the GEO.DAT élused in CALMET to provide

terrain elevaions and land use categories. Terrain elevations @nen © Py,
and land use categories obtained from Exponent Engineering .
and Scientific Consulting website (www.src.com) or from
Lakes Environmental website (www.weblakes.com).

0.0128

dinate km North

0.0096 0.0005

0.0064
0.0032

0
g/m3

[ 0.0064

Fo.0032

UTM coordinate km North

UTM coor

0
g/m3

UTM coordinate km East

0.0003
0,001

0.0008
“JH 0.0006
0.0004

0.00024
0.00018

coondinate km Nodh

0.00012

UTM coordingte km North

=
g

UTM

0.0002 SE-005

o
2/m3

3.3. CALPUFF Data Requirements T cosrdlnire ko Eas

Emission sources and species characteristics along with
the CALMET output file (CALMET.DAT) are required input Figure 3. (a) Wind rose, and predicted isopleths for the 10
for CALPUFF. Although point, area, and volume sources-mod highest thour average of the pollutant concentration for (b)
eled, in this study only stack point sources used. Statkin SO, (c) CO, (d) NG, and (e) PMson June 2013.
clude the height, diameter, exit gas velocity, and exit gas tem
perature. An emission rate for each source and specie required  Figure 4 shows the pollutant dispersion for July 2013.
by CALPUFF. Winds primarily blew from the northwest, with a little wind
from the north and east direction as shown infég (a). Thus,
4. Results andDiscussion the pollutants (S& CO, NQ, and PMs) dispersed to the
. . . southeast. The highgsollutant concentrations occurred to the
_ This section presents the results of the modeling study angyest and southeast corner of the Daura refinery, and extended
discusses the resultsterms of temporal and spatial variability ;, 5 southeast direction. Highest concentratioke3rom the

in monthly average concentration estimates. refinery was 0.008, 0.0072, 0.00064, and 0.00016'Yfon
) ) _ SO, CO, NQ, and PMs respectively. The south part of -Al
4.1. Analysis ofthe Pollutant Dispersion Imam AkHassan quarter in the easterly side, the residence of

Modelpredicted concentrations in the summer seasonrefinery employee in the westerly side, and Daura Express
showed plumes extending toward the southeast because thdighway and AlZafraniya city southeast of the refinery had
dominant windswvere from the northwest. The plots presented the highest pollutant concentrations.

in Figures 3, 4, and 5 represent monthlierage concentrations Figure 5 shows the results of the four species for August
for June, July, and August respectively (i.e., the summer sea013. The wind direction is very similar to the previous
son). Summers characterized as dry and hot with average teny y mmer 6s mont hs (June and July).
peratures ranging fromlew of 21.9 € to a high of 46.1 C. dominate, with low frequency winds from north and east direc
Figure3 shows the pollutant dispersion for June 2013. Thetion. Highest concerations 4 km from the refinery was
four pollutants mainly transported to the southeast because dd.0096, 0.0096, 0.0008, and 0.00018 '§ for SG;, CO, NQ,
the strong northwesterly winds. Highest concentratiohsn3  and PMs respectively. Thus, higher concentrations extended
from the refinery was 0.0096, 0.()9.0006, and 0.00018 gin  farther southeast than for the previous two months. The highest
for SO, CO, NQ, and PMs respectively. High pollutant  concentrations in urban areas shoatrAl-Zafraniya city and
concentrations observed east and west of the refinery, and eXDaura Express Highway southeast of the refinery, refinery em
tended to the south and east of the refinery. The dispersion paployee residence west of the refinery, andmam Al-Hassan
terns of the four species were similar teeanother, only dif quarter in the easterly side.
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lutants dispersed directly towarttee southeast direction from
the Daura refinery site, therefore the urban areas at this location
very affected by the high concentration of air pollution, leads
too many respiratory problems to the people lived there.

Figures 6to 8 show the dispersion patters for December
2013, January 2014, and February 2014 and represent the
winter season in Baghdad. Winter characterized by wet, cool
stomsl weather with average temperatures ranging from a low of 0.8
€ to a high of 23.2 C.

Figure 6 shows the dispersion results of the four pellu
tants for December 2013. The dominant winds were from the
northwest, north, and west, with lower frequencies from the
south and southeast. Two regions of high concentration extend
ing 6km from the refinery olerved southeast and north of the
refinery site. The highest concentrations in these two areas
were 0.0084, 0.0078, 0.00064, and 0.00018%for SQ, CO,

WINDROSE_ Baghdad_Daura Re
July_2013

(a) Wind rose

Percent(%)

"1 ® so,

nate km North
ki North

coordinate

UT™

| @ o, o NO,, and PMs respectively. The lowest pollutant coneen
£ 2 pooess trations observed southwest of the refinery
R E paets Each area of Daura Express Highway aneZafraniya
lig E secor city in the soutkeasterly and southerly direction, -Karada
E- . city in the northerly direction, and Ainam Al-Hassan quarter
L B\ W Oh e and Camp Sarah quarter in the easterly side had the highest
oot B T conntinate kst concentration opollutants in this month.

Figure 4. (a) Wind rose, and predicted isopleths for the 10
highest thour average of the pollutant concentration for (b)
SO, (c) CO, (d) NG, and (e) PMson July 2013.

(a) Wind rose

WINDHOSE_ Baghdad_Daura Rehnory “Staton 40650°
August_2013
5

a
B

(a) Wind rose Ed

RECECH © co

UTM coordinate km North

UTM coordinate km North

UTM coordinate km East UTM coordinate km East

UTM coordinate km North

() NO, () PM,

UTM coordinate km East

" UTM coordinate km East

UTM coordinate km North

0.0002

15
g/m3

Figure 6. (a) Wind rose, and predicted isopleths for the 10
= highest thour average of the pollutant concentration for (b)
T T UTM comtinsie km Bast SO, (c) CO, (d) NG, and (e) PMson Dec. 2013.

Figure 5. Wind rose (a), and predicted isopleths for the 10 Figure 7 shows the dispersion results of the four pollu
highest thour average of the pollutant concentration for (b) tants for January 2014. The dominant winds were from the
SO, (c) CO, (d) NG, and (e) PMson Aug. 2013. northwest, north, and southeast, with lower frequencies from
the south and southeast. Two regions of high concentration ex

The important notes for this summer's month that the pol tending 6km from the refiney observed southeast and north of
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the refinery site. The highest concentration of the &@ CO even the temperature reached aroune %0 € in June, July,
covered refinery site and extended more themBouth, north,  and August, and many peoples thinks summer season more
east, and west of the refinery. The highest concentrations opolluted than winter.

NO, and PM;s viewed south of theaefinery. The highest

pollutant concentrations were 0.0084, 0.0084, 0.00072, and ek e D

0.00018 gm'® for SO, CO, NQ, and PM;5 respectively. The
pattern of pollutant dispersion was star shaped resulting from
winds blowing from multiple directions at measumbkquen N IR,
cies. The highest pollutant concentrations in urban areas ob R
served along the Daura Express Highway and#franiya city 2N e
south and southeast from the refineryKsrada city and Inter 3 TN
national area in Karadat Maryam in the north sidelrdm
Al-Hassan quarter in the easterly side, and the residence of re
finery employees in the westerly side.

(a) Wind rose

00126
0.0108
0.009

0.0072
0.0054
0.0036
0.0018

[
g/m3

pordnate km North

WINDROSE _ Baghdad_Daura Refines
January_2014
5

T™ o
UTM goordinate km North

(a) Wind rose

0.00024
0.0002

0.00016
-Ho.00012
\_Hse-00s
N~ 4e-005

UTM cocrdingte km North
JTM coordinate km North

S

g/m3

UTM coordinate km East UTM coordinate km East

Figure 8. Wind rose (a), and predicted isopleths for the 10
highest thour average of the pollutant concentration for (b)
SO, (€) CO, (d) NG, and (e) PMson Feb. 2014.

4.2. Seasonal Variability of Predicted Pollutant Concentra
tions

Monthly average pollutant concentrations calculated at
fixed locations of the urban areas. TaBlghows the seasonal
1 [ variability of the predicted pollutants.

UTM comtimickm East | T acemtmmtaa Monthly-average pollutant concentrations for the summer
months illustrated in Figre 9. Highest concentrations for 30
Figure 7. (a) Wind rose and predicted isopleths for the 10 and CO observed along the Daura Express Highway, the refin
highest thour average of the pollutant concentration for (b) ery employee residences,-kham Al-Hassan quarter, and-Al
SO, (c)CO, (d) NQ, and (e) PMson Jan. 2014. Zafraniya city because of winds predominately from northeast.
The other urban areas,-Karada city, AlJamaia quarter,
Figure8 shows the dispersion results of the four pollutants camp Sarah quarter, and International area at Karadat Maryam
for February 2014. High pollutant concentrations wasserved  did not exhibit positive concentrations because winds did not
southeast and northwest of the refinery site. The general pattergjoy in the direction of these receptors. The highest pollutant
of the pollutant dispetsn reflects strong winds from northwest - concentrations during the summer months observédigust
and southeast. Highest pollutant concentrations viewed alongt paura Express Highway as shown inufép.

:?:ra?jzucri?y I;:])(;Fr)trhef)? t:;gg?ﬁgriomh of the refinery and Al Figurel0 illustrates monthly average concentrations of the
) four species in urban areas for the winter season. Highest

In winter's month, the spices moved along the southeastpollutant concentrations observed at the Daura Expreds Hig
northwest, and west direction of the Daura refinery site, there way and refinery employee residences for the month of Jan
fore more urban areas around the refinery suffered from thesgary. Winds were generally more variable in direction during
poison gasses than summer and leads to the high concentratigie winter months resulting in greater spatial spreading ef pol
of air pollution. The behavior of pollutants dispersion in winter |utant plumes in the model domain, and thus all locatiors ex
proved that this season in Baghdad are worse than summerhibited cacentrations greater than 1%¢@y mi3.

UTM coordinate km North

UTM coordinate km North
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Table 3. SeasonaV/ariability of Predicted Monthly Average Concentrations 0£,30D, NQ, and PM2.5n Urban Areas fodune,
July, August, and December 2013, and January and February of 2014

Urban area Pollutants June2013 July 2013 Aug. 2013 Dec. 2013 Jan. 2014 Feb. 2014
pollutant conc. pollutant conc. pollutant conc. pollutant conc. pollutant conc. pollutant conc.
g/m? g/m? g/m? g/m? g/m? g/m?
Daura express SO, 0.01500 0.01120 0.01700 0.01500 0.02000 0.01100
highway (D) Cco 0.01700 0.01080 0.01900 0.01560 0.01900 0.01100
NOz 0.00100 0.00070 0.00130 0.00085 0.00130 0.00080
PMzs 0.00030 0.00022 0.00034 0.00022 0.00030 0.00020
Residence of SO 0.00640 0.00480 0.00960 0.00650 0.01680 0.00720
refinery co 0.00960 0.00810 0.01160 0.00650 0.01960 0.00600
employers (R)  NO, 0.00070 0.00048 0.00040 0.00056 0.00132 0.00056
PMzs 0.00021 0.00012 0.00012 0.00012 0.00036 0.00018
Al-Imam Ak SO 0.00800 0.00280 0.00800 0.00840 0.01000 0.00360
Hassan quarter co 0.00480 0.00320 0.00800 0.00880 0.01080 0.00270
(H) NO; 0.00040 0.00016 0.00040 0.00064 0.00065 0.00032
PMzs 0.00009 0.00004 0.00010 0.00016 0.00018 0.00012
Al-Zafraniya SO 0.00240 0.00240 0.00340 0.00280 0.00280 0.00270
city (2) co 0.00240 0.00220 0.00320 0.00260 0.00210 0.00180
NO; 0.00030 0.00024 0.00030 0.00024 0.00018 0.00016
PMzs 0.00009 0.00009 0.00009 0.00009 0.00009 0.00009
Al-Karada city SO 0.00000 0.00000 0.00000 0.01120 0.00700 0.00450
(K) co 0.00000 0.00000 0.00000 0.00780 0.00700 0.00360
NO; 0.00000 0.00000 0.00000 0.00064 0.00048 0.00040
PMzs 0.00000 0.00000 0.00000 0.00020 0.00012 0.00012
Al-Jamaia SO 0.00000 0.00000 0.00000 0.00700 0.00980 0.00360
quarter (J) co 0.00000 0.00000 0.00000 0.00650 0.00980 0.00360
NOz 0.00000 0.00000 0.00000 0.00056 0.00132 0.00032
PMzs 0.00000 0.00000 0.00000 0.00010 0.00021 0.00010
Camp Sarah SO 0.00000 0.00000 0.00000 0.00420 0.00140 0.00270
quarter (S) co 0.00000 0.00000 0.00000 0.00260 0.00070 0.00270
NOz 0.00000 0.00000 0.00000 0.00024 0.00010 0.00024
PMzs 0.00000 0.00000 0.00000 0.00008 0.00000 0.00008
International SO 0.00000 0.00000 0.00000 0.00560 0.01120 0.00360
areaKaradat coO 0.00000 0.00000 0.00000 0.00390 0.01050 0.00360
Maryam (M) NO2 0.00000 0.00000 0.00000 0.00040 0.00108 0.00040
PMzs 0.00000 0.00000 0.00000 0.00008 0.00021 0.00008

Table 4. Domain Modeling Settingtor Comparison on August 1997

Grid origin (reference point defining domain location) in UTM (Universal Transve X (Easting) 445.61 km
Mercator)coordinates Y (Northing) 3679.185 km
Grid SpacingJiX) 0.5 km
Domain size Number of X grid cells 6
Number of Y grid cells 8
Origin of Projection Latitude 33°N
Longitude 44° E
Projection Universal Transverse MercatiyTM)
UTM Zone 38N
Number of vertical layers 8
Time Zone UTC+03:00
Region Iraq
Datum code ASIA/EUR-S
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Figure 9. Bar chart of the monthly average pollutant concentration within the urban areas for the summer season.

Figure 10.Bar chart of the monthly average pollutant concentration within the urban areas for the winter season.

4.3. Evaluation of CALPUFF Model and also at the same meteorological conditions. TaBleofvs
In order to evaluate the accuracy of CALPUFF model for thenew domain settings to perform the comparison process.
prediction of the pollutants concentration ambient air at the Figures 120 15 show the comparison between observed

study area, a comparison conducted between the predieted rand simulated data for the four pollutants at the two Cases
sults of this model and the observed results, which measure{Case 1 at 28ugust and Case 2 at 25 August 1997).

by Gzar, (1998) in August 199The hourly concentration 1e

sults of CALPUFF were compared with measured ohés@

Cases. The first Case on 23 August was better correlation than

the second Case on 25 August 1997, however, it showed good

agreement for SOCO, and NG, but for PM swas less agree

ment.

Figure 11 illustrates the site of the measured point for the
observation pollutants in 1997 and the simulation point pro
cessed by CALPUFF model. The distance between these two
points is about 510 meters to the east.

In order to perform the comparison with thesasured
point which lay on the 475 m only from the borders of the fefin
ery, a new grid settings in the model were prepared after check
ing for many times the probability of the best grid setting for
the study domain to get the nearest simulated poingtec)
to the measured point, and also this modeled point should be
covered all the (9) point sources in the refinery similar to thatFigure 11. The two blue circles show the site of observation
in measured point which was depended on the August 1997point and simulation point.
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