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Abstract

This study aims to the prediction of pollutantsssians dispersion of a 1 M-ton/year phosphatelifegtifacility, which is located
at EI-Menya Governorate, Egypt. ALOHA air dispersisoftware is used to predict the pollutant emissidispersion from
different stacks in the proposed project. The ettoh total pollutant emissions from the proposedjgut are 3180 g/fhof
hydrogen fluoride (HF), 72000 g/hof sulfur dioxide (S§), 14700 g/m of sulfur tri-oxide (Sg), 2700 g/m of ammonia (Nh),
and 53550 g/rhof particulates (PM). Based on the total pollutasissions from the project, the concentrationsthaf
investigated pollution emissions at 0.5 km, 1 kmd 2rkm downstream the source at the worst caseasceare obtained and
compared with the allowed limits. It has been fothat all the emissions resulted from differenf\aties in the proposed project
are much lower than the allowed limits specifiedthg Egyptian ministry of environment in Law 4/1984d therefore the
proposed project is not expected to cause any inatds impacts on the surrounding environment.

Index Terms. Air pollution; Air dispersion modeling; Environmgah impact assessment; Phosphate fertilizer

industry.
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1. INTRODUCTION

Phosphate fertilizers are of the most importantdpotion
elements that play a key role in the agricultural
development, especially in major food crops suchvisat
and rice. Phosphate fertilizers industry is consdeas one
of the most important strategic industries whicharce the

social development and economic progress. Phosphate

fertilizer industry is promising in Egypt due to eth
availability of basic raw materials needed for the
manufacturing processes such as raw rock phospbgypt

is ranked the 1 globally in terms of the size of reserves of
phosphate by 1000 million tons, with 3 million tons
extracted annually [1]. Global markets showed sigf
good improvement in trading during 1988 in phosplats,
with global production of rock phosphate of 165 limi
tons, then fell to 120 tons per year in 1993 anenth
improved and reached 160 milion tons in 2005.
Superphosphate fertilizers are mainly produced gypE,
Lebanon and Tunisia with total annual productiopaity

of 1.25 million tons, where 78% of this capacitypre®duced

in Egypt.

During the manufacturing processes of phosphatdiZer
plants, several air emissions are produced sud¢ty@®gen
fluoride (HF), sulfur dioxide (S§), sulfur tri-oxide (S@),
ammonia (NH), and particulates (PM). These emissions if
produced with high concentrations may lead to tire a
pollution of surrounding environment [2, 3]. In atitth, the
net impacts from changed scenario of air emissmicg

out from fertilizer plants activity may cause thegdadation
of human health and vegetation in and around tlea.ar
Several studies have emphasized that localizedcarit
concentrations of pollutants can seriously afféctgaality
[4, 5]. Number of chimneys together inside the gcbjsite
often causes a pollution of the surrounding areé&chwins
probably away from the plant several kilometersvadl as
within the project site, and as such it is possibiat
chimneys emissions do not represent a direct daoger
inside the site only but it can effect area kiloenstaway the
site [6]. The dispersion of pollutants from diffet sources
using air dispersion models has been identifiecaneral
studies [3-12].

In this study, the dispersion of pollutant emissidnom
different stacks in a 1 M.ton/year phosphate fesil facility
is studied. The pollutants investigated are hydndfigoride
(HF), sulfur dioxide (S@), sulfur trioxide (SG@), ammonia
(NH3), and Particulates (PM) emissions. To this aimess
air dispersion models are developed using the ALCHIA
dispersion modeling software.

2. CLIMATIC DESCRIPTION OF
PROJECT SITE

THE

The weather data for the location of the proposesjept
was obtained using the Energy Plus Energy Simulatio
Software, which was developed by the Department of
Energy (DOE) of the US. Fig. 1 shows the annuaraye
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temperatures, relative humidities and wind speexdsH
Minya, Egypt. As Fig. 1(a) shows, the lowest tenapare
occurs in January, and it is found to b¥C6Also, the
minimum wind speed occurs in January, as Fig. &los,
and it is found to be 1.2 m/s. In order to accofantthe
worst case scenario, both the minimum temperatgi€) (
and wind speed (1.2 m/s) will be used in the aspdision
model.

Dry bulb temperature (°C)

Hour

Wind speed (m/s)

Hour

Relative humidity (%o)
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Fig. 1 Annual average hourly (a) temperature, (b) wind
speed and (c) relative humidity for El Minya, Egypt

3. GEOGRAPHIC DESCRIPTION OF THE
PROJECT SITE

Fig. 2 shows the location of the project site under
investigation, which is located in the industriabne of
Elmtahrah at El-Menya Governorate, Egypt. El-Menya
located in the upper part of Egypt between latisude27°

41 and 47° 28 and longitudes of 2832 and 32° 38 The
industrial zone of Elmtahrah is located at about ki2
southeast of El-Minya with a total area of 1516eacr
Elmtahrah industrial zone is divided into four sest
covering nine industrial groups and arranged adngrdo

the degree of pollution level. Table 1 shows theggaphic
coordinates of the project site.

Fig. 2 Location of the project site

Table 1. Geographic coordinates the project site.

Point Geogfaphic Point Geogfaphic
coordinates coordinates
1 N 2&° 00.976' 6 N28°  00.766'
E 30° 51.573' E3§  51.799
) N 28° 00.930 . N28°  00.799'
E30° 51.739 E3§ 51.672
3 N 28°  00.844' 8 N28°  00.821'
E30° 51.921 E3§ 51.666'
4 N28°  00.801' 9 N 28°  00.888'
E30° 52.014 E3§ 51.642
c N 28°  00.700' 0 | N 28°  00.886'
E30° 51.950 E3§  51.591°

4. POLLUTANT EMISSIONS FROM THE
PROJECT

Table 2 shows the types of pollutants emitted fabfferent
units in the proposed project. Table 3 shows tlaévidual
emission loads from each unit, and the total emistads
from the project. The expected total emission loads
hydrogen fluoride (HF), sulfur dioxide (S sulfur trioxide
(SGy), ammonia (NH), and Particulates (PM) emissions
from the proposed project are 3180 §/ri2000 g/m,
14700 g/m, 2700 g/m and 53550 g/f respectively.

Table 2 Types of pollutants emitted from different units in

the project
Total air Type of emission
unit ﬂ‘(’n":’slﬁt)e PM | HF | NH | SO, | SO,
SSP 120000 v v
GSSP 225000 v v
GTSP 120000 v v
DAP 90000 v v
PS 85000 v v
DCP 85000 v v
NPK 100000 v
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Table 2 (continue) Types of pollutants emitted from
different units in the project

Total air Type of emission
Unit flow rate

(m¥/hr) PM | HF | NH | SO, | SO
H,SO, 160000 v v v
H3PO, 86000 v v

Table 3 Values of pollutants emitted from different units
the project in g/hr.

Unit PM HF NH SO SG;
SSP 6000 600
GSSP 11250 1129
GTSP 6000 600
DAP 4500 2700
PS 4250 5100
DCP 4250 425
NPK 5000
H,SO, 8000 72000 9600
HsPO, 4300 430
TOTAL 53550 | 3180f 2700] 72004 14700

5. PREDICTION OF THE DISPERSION

In this study, an air dispersion model (ALOHA scdre) is
used to model the stacks emissions of differentypection
units in the project. The ALOHA software was deysd
by the Environmental Protection Agency (EPA) of th8.
ALOHA plots a footprint, which encompasses the area
where the ground-level concentration of a pollutgas is
predicted to be equal to a specific concentratitm.
ALOHA's footprint plot, the shaded area represetite
footprint itself. The lines along both sides of to®tprint
indicate the amount of uncertainty in the wind dii@n. The
wind rarely blows constantly from any one directi@mnd
when it shifts direction it blows a pollutant cloid a new
direction. The wind direction confidence lines arduthe
footprint enclose the region within which, about ti®es
out of 20, the gas cloud is expected to remain.|dtver the
wind speed, the more the wind changes directiomsswind
speed decreases, the confidence lines becomerfaghg.

Several parameters of the project should be deteahito

be used by the ALOHA model, as follows. (i) Thedtons

of emissions sources, which are described usin¢atitede,
longitude, and elevation. (ii) The atmospheric dtiods,
which are defined using the ambient air temperaamd
relative humidity, wind speed and direction, anodudiness

of the sky. (iii) The source description, which atefined
using the stack height, and emissions flow rate and
temperature. It is worth mentioning that the afoeationed
parameters were determined in this study baseti@worst
case scenario. For instance, the ambient air teahperwas
assumed to be’6 due to the fact that the lower the ambient
air temperature, the more dangerous are the emsssio
Similarly, the wind speed was assumed to be 1.2 m/s
because the dilution of the emissions in the antb&n

becomes lower at low wind speeds. In addition, fthes
rates of the emissions were assumed to be at peaik
values.

6. RESULTS AND DISCUSSIONS

In this section, the dispersion of the HF,,S80;, NH3, and
PM emissions at the worst case scenario are pexkefihe
yellow, orange and red shaded areas in the preségtees
show the footprints where the ground level conegiuns of
the emitted emissions reach certain values. Théowel
orange and red confidence lines show 95% of thasatteat
are expected to be exposed to the mentioned coatiens
if any unexpected change occurs in the directionthef
wind. As mentioned previously, the confidence libhesind
the areas in which different concentrations of gasid are
95% likely to remain, given expected amount of tillation
in wind direction.

Fig. 3shows the concentration of the HF emissions that ar
expected to result within 2 km downstream the sedirom
the following units: SSP, GSSP, GTSP, DCP anB®j. It

is clear that the HF depletes as it goes furthevndtream
the source point. The concentration of the emittHe is
0.042 mg/m (0.84% of allowed limit) at 0.5 km away from
the source point, and it decreases to 0.027 rh(f#84% of
allowed limit) and 0.0112 mg/{0.22% of allowed limit) at

1 km and 2 km, respectively, downstream the sopiodet.

The concentrations of S@missions, which are expected to
result within 2 km around the source from thgSB, unit,
are shown in Fig. 4. It is found that the S€@ncentrations
at 0.5 km downstream the source point is 0.95 rg/m
(0.21% of allowed limit), and it decreases to Og/m
(0.13% of allowed limit) at 1 km. Moreover, itfisgund that
the concentration of the 3@t 2 km downstream the source
point is 0.26 mg/M(0.06 % of allowed limit).

Fig. 5 shows the concentrations of the;®Missions within
2 km downstream the source which expected to résartt
the PS and (8O, production units. It is clear that the
concentration of the SOs 0.19 mg/m (0.33% of allowed
limit) at 0.5 km, 0.13 mg/M(0.21% of allowed limit) at 1
km, and 0.05 mg/t(0.09% of allowed limit) at 2 km,
downstream the source point.

Fig. 6 shows the concentrations of Némissions within 2
km downstream the sources that are expected tit fesm
the DAP unit. The concentration of Nidmissions is found
to be 0.036 mg/th (0.12% of allowed limit) at 0.5 km
downstream the source point and it decreases ta30.0
mg/n? (0.08% of allowed limit) at 1 km, and it goes down
to 0.01 mg/m (0.03% of allowed limit) at 2 km,
downstream the source. Fig. 7 shows the condeantsaof
the PM emissions within 2 km from the source that i
expected to result from the following units: SSPSSP,
GTSP, DAP, PS DCP, NPK, ,BO, and HPQ,; The
concentration of the emitted Nks 0.71 mg/m (1.42% of
Allowed Limit) at 0.5 km downstream the source poand

it decreases to 0.45 mgfif0.9% of Allowed Limit) at 1 km
and 0.19 mg/fh (0.38% of Allowed limit) at 2 km,
downstream the source.

Volume: 02 Issue: 11 | Dec-2013, Available @ http://www.ijret.org

308



IJRET: International Journal of Research in Engineering and Technology el SSN: 2319-1163 | pl SSN: 2321-7308

0.011 mg/m’
(0.22% Allowed Limit)

Fig. 5 Concentrations of the S®mission at 0.5 km, 1 km and 2 km downstream tlhiecgoat worst case scenario
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~ 0.01 mg/m’
(0.03% Allqwed Limit)
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Fig. 6 Concentrations of the Ny¢mission at 0.5 km, 1 km and 2 km downstream thiecgoat worst case scenario

0.19 mg/m’ -
(0.38% Allowed Limit)

Fig. 7 Concentrations of the P¥mission at 0.5 km, 1 km and 2 km downstream thiecgoat worst case scenario

The concentrations of the different investigatediubon
emissions from the proposed project at 0.5 km, lakwh 2
km downstream the source are summarized in Tablde
percent allowed of the concentrations of pollutamission
with respect to the allowed limit at 0.5 km, 1 kamd 2 km
downstream the source are shown in Fig. 8. In suprtize
concentrations of the HF, $50;, NH;, and PM emissions
at 2 km downstream the source point are 0.011 rhg/m
(0.22% of the allowed limit), 0.26 mg/(0.06% of the
allowed limit), 0.05 mg/mh (0.09% of the allowed limit),
0.01 gm/m (0.03% of the allowed limit) and 0.19 mg/m
(0.38% of the allowed limit), respectively, at thverst case
scenario, previously mentioned in Table 3. Thus,tlx
emissions resulted from different activities in {h®posed
project are lower than the allowed limits specifieg the
Egyptian ministry of environment in Law 4/1994, and
therefore the proposed project is not expectedatse any
undesirable impacts on the surrounding environmkieris
worth mentioning that the presented results arefpected
concentrations at the worst case scenario. As,wimel
speed and ambient air temperature are expectesl hgber

than those used in the modeling of the pollutanissions,
and the sky cloudiness is expected not to be tdixered all
the time, which is expected to result in lower camtcations
that those presented.

Table 4 Summary of the concentrations of the pollutant
emission at 0.5 km, 1 km, and 2 km downstream thece
in mg/nt.

Distance
downstream HF NH; SO SO PM
the source
0.5 km 0.042 0.036 0.95 0.19 0.71
1km 0.027 0.023 0.6 0.13 0.45
2 km 0.011 0.01 0.26 0.05 0.19
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Fig. 8 Percent allowed of the concentrations of pollutant
emission with respect to the allowed limit at Orf,KL km,
and 2 km downstream the source

7. CONCLUSIONS

Based on the project location, the studies comongs
show that there is no significant environmental aizg
impact of the proposed project, which means thatemo
phosphate fertilizer production facilities could be
established in similar locations. It is worth menihg that
possible adverse cumulative impacts should be deresil.
This could be achieved by a regional monitoringgpam

for various components through the appropriate
planning/environmental authorities.
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