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ABSTRACT

Iron and steel plants in general are significanirses of PM, pollution. Many studies have
concluded that PM is harmful to human health and well being. Arcelittal Vanderbijlpark

Works falls within the jurisdiction of the Vaal &ngle Airshed Priority Area (VTAPA) and has
been given Pl reduction targets in the Air Quality ManagemerarPIThe aim of this study is
to use dispersion modelling to determine the impddhe Vanderbijlpark Works steel plant on

ambient PM, and to assess the effectiveness of the redudtiategies with respect to RM

The AERMOD dispersion model was chosen for the @gerbecause of its reliability when
modelling near field dispersions on relatively flatrain. Meteorological data was obtained from
on-site stations. Emissions data was obtained fronalready existing emissions inventory on
site. The study modelled the RMbaseline for 2010 and then modelled the predicted
concentrations after implementation of the strategis outlined in the VTAPALhe modeling

scenarios were compared to the measureg, 8ata from the fence line monitors.

The following findings were made: Point sourceseaveot significant contributors to Ryl
emission. Modeling of area sources and other iftgglust sources were found to be high
and when compared to measured concentrations veered fto be over predicted. It is
concluded that the fugitive sources have been foore the major source of RMemissions
and that reduction of fugitives should feature prantly in emission reduction plans going
forward. In addition, the fugitive emissions int@ry needs to be refined to enhance the

accuracy of the predictions.
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CHAPTER ONE: OVERVIEW

Chapter one provides a brief overview of the irad ateel
industry and its impact on air quality. It also ksoat the
health impacts of PM and briefly examines
developments with regard to air quality legislati@oth
the dispersion potential of pollutants and dismersi
modelling in general is discussed. An outline ot th

research goals is also presented.

1.1 Introduction

The iron and steel industry has a long history. Wasern iron and steel industry can
truly claim to be the leading protagonist in ushgrin the Industrial Revolution in the
mid 1800’s. For better or worse, this industry citmited largely to the shaping of the
modern era, producing the steel that made the maddroads and the huge skyscrapers
in our cities possible. It also enabled mass prbdaof motor vehicles which has had a
profound effect on not only the morphology of modesettlements but also on the
lifestyles of humans on Earth. The other modernveniences which are much taken for

granted also owe their very existence to the moatemand steel industry.

Today, these heavy industries normally form thekbane of the economy of a region.
They create a demand and hence stimulate develapméermonly for the raw materials

like coal and iron ore that it consumes, but ibaimulates infrastructure development
like rail, road, and power, not forgetting the nuowus other downstream and off shoot
industries that it gives rise to. The fact thatsthéndustries are significant employers
within a region also enhances their economic ingrone.



1.2 The iron and steel plant

In as much as there may be positive aspects oifdheand steel industry, it does also
have its downside. It is energy intensive, resoearesuming and of course a significant
polluter as well. The industry is noted for emigtivarious pollutants, like SONO,, and

VOCs, but its main source of pollution is its peutate emissions. (The World Bank

1998; European Commission 2001)

Particulates are generated at nearly all phasembst heavily during the coke-making

and blast furnace stageshttp://ecm.ncms.org/ERI/new/index.himUSEPA, 1995,

Integrated Pollution Prevention and Control, 20@dati, P.et al, 2000, Yong-Hua Xue.
et al, 2010). Particulates are emitted through staakd also fugitively, via roof
emissions, from exposed stockpiles etc. In a sindyanzhihua, China that looked at
source characterization and apportionment of pddie matter smaller than 10 microns
(PMy0), the PMg concentration related to iron and steel manufagguwas 19.5% and
had little periodic variation (Yong-hua Xuet al, 2010). A very brief description of the

iron and steel industrial process follows.

In any integrated steel works, the basic procelé®aed is, firstly, the production of iron,
which is then converted to steel, which in turrpiecessed into steel products like flat,

coiled or tubular steel.

Before liquid iron can be made in the blast furnamke is needed together with sinter,
fluxes, like limestone, and manganese and ironasrénput materials. Coke and sinter
needs to be manufactured, usually on site anddsecproximity to the blast furnace.
Coke is produced by baking coking coal in an oxylgea environment in what are called
coke ovens. This process generates significanttgeanof PM,o. For every ton of coke
produced, approximately 0.7 to 7.4kg of RNk generated. Coal handling operations
could account for as much as 10% of the partictzae. Coal charging, coal pushing
and quenching are also significant sources of dagssions. The sintering process is
also a significant contributor to the RMoad. These operations can emit dust quantities
of up to 20kg per metric ton of steel. Sinter eéguired in the blast furnace for the

production of iron. Sinter is produced on whatadled a sinter strand where fine sized



iron ore, fluxes, like limestone and dolomite antien metallurgical by-products are
heated and fused together. In the blast furnacerevti®e liquid iron is produced,
particulate emissions can range from 10kg/t oflgpeeduced to 40kg/t. (World Bank
1998).

The particulates are released both fugitively ahmbugh stacks. In an air quality
investigation conducted at Vanderbijlpark Worksyéts found that the Sinter Plant is one
of the main contributing sources of particulate®l{>and PM s) contributing 37% to all
PMyo emissions (including all point sources and nompaleases) and 59% to all point

source releases (Zantow, 2010).

Steel making can be done via two processes. Fifgtythe Basic Oxygen furnace (BOF)
where the liquid iron is converted into steel tlgbuhe use of pure oxygen to remove
carbon, silicon and other elements and the addigbrfluxes and alloying agents,
including the use of Directly Reduced Iron (DRI)iefhare produced in DRI kilns. The
DRI unit is also a source of PM10 emissions. Selyoisteel could also be made by using
the electric arc furnace (EAF) that uses steelpsasainput material. Both the BOF and

EAF are sources of Pjjlemissions.

Lastly, the steel slabs are semi-processed fulihdyeing fed through rolling mills that
produces coiled or rolled steel or flat steel asqustomer requirementShese processes

do produce PN emissions but are not significant when compardtemther sources.

1.3 PM 10 emissions from an iron and steel plant

In a study carried out for the Vaal Triangle a@#otal of 34 907 tons of PM 10 or 77.4%
of PM;o were identified as emanating from industry, conoaesnd mining (Scorgiest
al., 2003).

Mestl and Fang (2003) used the AMS/EPA Regulatopd® Improvement Committee
Model known as AERMOD to estimate the air qualifyttee city of Taiyuan in China.

This model is basically a Gaussian plume air dsipar model. They found that the
highest concentrations of Rywere found around the iron and steel industry.yTdieo

found that large emissions reductions from tallclstaonly gave limited air quality



improvement as compared to smaller reductions ctosthe ground. Onofricet al,

(2011), in their attempt to assess the role of eelsplant in determining the
concentrations of polychlorinated dibenzodioxinshs (PCDD/F’'s) to the local air
found AERMOD useful. They found that the model wade to locate maximum
concentrations within the study area once metegrodd and terrain data were known

and available.

1.4 Air Quality Legislation in South Africa

Since 1994, there have been widespread legislalimages consequent to the creation of
a democratic and more transparent state. The piimer of these legislative changes
was the inclusion of the Bill of Rights which forntke core of the South African

constitution. The responsibility of ensuring thaege rights are respected and fulfilled

rests with the government of the day.

1.4.1 Constitution - Section 24

Within the South African context itself, variousligations are placed on the state to
provide a cleaner environment to its people. Tanstitution (Act No.108 of 1996)
provides the overarching framework, which directsv&nments’ efforts in terms of
environmental protection. THgill of Rightsenshrined within the constitution provides
that:

“Everyone has the right

(a) to an environment that is not harmful to their hirar well-being; and
(b) to have the environment protected, for the bendfipresent and future
generations through reasonable legislative and otheasures that —
(1) prevent pollution and ecological degradation,
(2) promote conservation; and
(3) Secure ecologically sustainable development andusee of natural
resources while promoting justifiable economic arsbcial

development.



With respect to the above, South Africa underwepiedigm shift with regard to Air
Pollution legislation. The then existing Atmospledfollution Prevention Act (Act 45 of
1965), more commonly known as APPA was outdated amen unconstitutional
(Republic of SA, 2003, DEAT, 2007) Amongst otheings, this act only had limited
powers and means to protect the environmental;ritet act did not take sustainable
development principles into account which basicaflguired the integration of social,
economic and environmental factors in developméartrpng. APPA’s “best practicable
means” approach did not prevent pollution effedyivehe Act itself was difficult to
enforce and penalties for non compliance were ictma or vey low. It did not
encourage the move towards cleaner production erggnefficiency. APPA had no
ambient limits for pollutants. APPA was basicallynaparticipatory, non-transparent and
open to unfair administrative practices. APPA wkd for the development of air
pollution “hotspots” (DEAT, 2006; Thambiran andabj 2010).

In view of this, a new approach to air quality mgement was deemed necessary
(Republic of SA, 2003) This new approach would seshift from a source based, end of
pipe solution type of approach to protecting theenang environment or receptors with
the identification of priority pollutants, the eslizhing of limit values for the ambient air
based on human health standards and the monitaridgmanagement of these limits
(DEAT, 2006; 2007; Strydom and King, 2009).

This new approach is embodied in the National Emritental Management: Air Quality
Act (Act N0.39 of 2004), (AQA) which has replacdr thow repealed APPA. In terms of
this new Act, the Minister or MEC is empowered &zldre any substance contributing to
air pollution as a priority air pollutant. So faParticulate Matter, Sulphur Dioxide,
Nitrogen Oxides, Ozone, Lead, Benzene and Carbonoklde have been identified as
priority pollutants. The national ambient air qtalstandards were promulgated in
December 2009. Air quality standards for 10 minuteshour, 24 hours and 1 year
averaging periods, together with compliance datesevstipulated for sulphur dioxide,
nitrogen dioxide, P\, Ozone, Benzene, lead and carbon monoxide (DEB9RO he

national ambient air quality standard for RMor the 24 hour averaging period is



120ug/Nni which drops to 75ug/Nfrby January 2015, while the annual average istset a
50ug/Nnt which drops to 40ug/NFrby January 2015.

The AQA also recognizes that there exist areasinvitie republic that encounter very
poor air quality that could be impacting negatively human health and well being due
to ineffective management in the past. The Act engye the Minister to identify these

areas of poor air quality, also called pollutiorottspots” and declare them as “Priority
Areas” (DEAT 2009)

1.4.2 Declaration of priority areas

The declaration of priority areas had three stiatpgrposes. Firstly, it allows for the
concentration of limited human, technical and ficiah capacity to focus on identified
problem areas in order to obtain measurable ailityuanprovements in the short,
medium and long term, secondly it prescribes aperative governance regime between
the three spheres of government in managing thesss,aand lastly, it allows for the
adoption of air quality management methodologies thke into account all contributors
to the air pollution problem. (DEAT 2006, 2009)

The first priority area to be declared by the Mieiswas the Vaal Triangle Airshed
Priority Area (VTAPA) on 21 April 2006. In terms dhe process, an air quality
management plan (AQMP) was to be drawn up for tlea avith the cooperation and
involvement of all the relevant stakeholders. Aftke finalization of the AQMP, an
implementation task team comprising of the relevat#tkeholders involved in the
drafting of the AQMP would be created to drive thmplementation of the

recommendations of the AQMP.

1.5 Research goals

The main objective of this research is to evaltiaeimpact of the Vanderbijlpark Works
steel plant on ambient PMlevels in the Vaal Triangle. This will be condutteia
atmospheric dispersion modelling of PJMmissions emanating from the Iron and Steel
plant, the ArcelorMittal South Africa (AMSA) Vandsajipark Works in particular, using

a steady-state Gaussian atmospheric dispersion| raltkl AERMOD



An attempt will be made to undertake the following:

» Evaluate the impact of the Vanderbijlpark Worksektglant on ambient P}
levels in the Vaal Triangle.

« Assess the impact of the proposed emissions rexfustiategy on the ambient
PMyg levels.

1.6 Literature Review

1.6.1 Air pollution

A report by the Global Environmental Facility (And2002) points out that the drive for
global sustainability should be rooted in the gmgvirecognition of the strong links
between the environment and development. A clesrament is essential for both
development and poverty eradication. Sicknesspaod health mean lost production for
the people and countries that can least afford Apart from the health impacts on
humans, air pollution damages the crops, foreststs and lakes that countries need for

their economic development.

Fuggle and Rabie (1983) provide a comprehensiviaitieh of air pollution. They state
that the problem of a polluted atmosphere arisesnwthe, “emissions of contaminants
into a volume of air exceeds the ability of that & disperse and change the
contaminants into harmless substances. Under suchintstances waste products
accumulate in the atmosphere in such quantitied@mglich durations as may be, or may
tend to be injurious to human, plant or animal,liée property, or which impair the
efficient performance of normal activities, or uhdunterfere with the comfortable
enjoyment of life, property and the natural enviremt.” Man has impacted on the
atmosphere in various ways through the ages buasiekcessively as in recent decades,

which is unprecedented in human history.

The 1970’s brought into focus the general realratthat the different physical
components of the environment have limited asstimdzand carrying capacities and that
pollution control measures must be instituted téegaard the environment and the

quality of human life (Holdgatet al, 1982)



The concentration levels of particulate matter (R¥) considered one of the most potent
indicators to diagnose the extent of air pollut{tuu, 2002; Wilsonet al,, 2002, cited
from Ki-Hyun et al, 2005).

1.6.2 Definition of PM and PMzs

The ambient air that we breathe is laden with paldie matter of various sizes and
compositions, including mineral dust, metals, nieid$, sea salts, nitrate and sulphate of
ammonium, organic compounds, elemental carbon dk aseorganic and inorganic
pollutants residing almost exclusively in the ghage. The concentration and mixture of
particulate matter is both temporally and spatidighly variable. Some of them are
directly emitted into the atmosphere either by redtand anthropogenic sources (primary
particles), while others are the result of homogeseor heterogeneous nucleation and
condensation of gaseous precursors (secondaryclpajti(Seinfeld and Pandis, 1998,
Pdschl, 2005, cited from Dongargal, 2010).

PMyo is defined as particulate matter with an aerodyoatiameter smaller than 10um,
while PM ;5 refers to particulate matter with an aerodynamameter smaller than
2.5um (Ariolaet al, 2006). PM however is a complex mixture of ultraf fine and
coarse particles from a variety of sources (Boogawl, 2010). PM can be characterized
by origin, e.g., anthropogenic or geogenic, primarysecondary particles; by source,
e.g., combustion products and traffic, or by physiemical properties such as solubility.
In terms of practicality and for the purposes ofission measurements, PM is
characterized by particle size (aerodynamic diampéfeiola et al, 2006, Boogaret al,
2010.) Several metrics have been or are still .uSethl suspended particles (TSP) are
the most comprehensive term including particlearof size suspended in air. However,
particles larger than 30—-70um only remain susperfdedh very short period before
deposition. PMpand PM;sis PM with an aerodynamic diameter of less thaad@ 2.5
um, respectively. Ultrafine particles (UF) are thogith a thermodynamic diameter of
less than 0.1 um, also called PMThe PM5 fraction is also called “fine particles”, and
those particles between 10 and 2.5um are curreathyed “coarse particles”. RMis
also called “inhalable particles”. The larger frans comprise the smaller ones, i.e.,
PMysis part of PMo, UF are part of Pisand PM,. (Englert, 2004)



1.6.3.1 Health Impacts of PM;o and PM; 5

In a study looking at emissions from industrialqtaundertaken by Ehrlictt al (2007),

it was found that from the individual emission ma@asnents carried out at the industrial
plants and domestic stoves, in 70% of these measumts, the P portion amounted to
more than 90% and the PM portion between 50% and 90% of the total PM erorssi

Many studies have already documented the impagaxiiculate matter both directly and
indirectly on human health expressed as increaswthhty and morbidity especially for
fine particles (Almeidaet al, 2005; Almeidaet al, 2006; Hwang and Hopke, 2007,
Minguillon et al, 2008; Querokt al, 2001; Tsai and Chen, 2006, cited from Katgl
2010; Ostreet al, 1996; Schwartz, 2000, cited from Gulliver andgBs, 2007, Alfaro-
Morenoet al, 2007a; Delfincet al, 2005, cited from Davalos, 2010, Pogteal, 2002;
Brunekreef and Holgate, 2002; Pope and Dockery, PN 10 increases and induces the
production of inflammatory cytokines and induce pipsis in epithelial lung cells
(Hetlandet al, 2004).

Long term exposure to high concentrations of unbariculate matter increases the risk
of lung cancer, respiratory diseases and artegossils, while short term exposure to
sudden peaks causes the worsening of several fofmespiratory diseases, including
bronchitis and asthma, as well as changes in natertvariability (de Koket al,2006).
De Koket al, (2006) further postulate that particulate matteposited in the lung could
stimulate the formation of reactive oxygen specidsch could lead to the damage of

membrane lipids, proteins and DNA which could resutell death.

However, it would seem that causative componertisallg responsible for these health
impacts are currently unknown, although it is sospe that components like metals,
organics, acids, biogenic materials and ultrafinesel soot could be the instigators
(Monn and Becker, 1999). This suspicion is deriffean results of experiments with
rodents which have shown that particle acidity amedal content cause inflammation and
interfere with host defence functions of lung matrages (Cheet al, 1992, Dreheet
al., 1996, Kodavantt al, 1997, cited from Monn and Becker, 1999)



It has also been found that both RMnd PM, s are associated with respiratory allergic
diseases and asthma and could also act as a azfradlergens, (D’Amato, 2000, Knox
et.al, 1997; Ormstaét.al, 1998, cited from Adhikargt.al, 2006).

1.6.3.2. Other Impacts of PMo and PM, 5

Particulate matter emissions also impact on glodahate by primarily cooling
temperatures, due to increased scattering to dpatiee atmospheric aerosol burden that
has increased and continues to increase. (Eheh, 2003; Gerasopoulost al, 2006;
Nair et al, 2006) Fine particulate matter with trace mefahstituents deposited on
vegetation could induce toxic effects to phyllogghdungi and flowering plants
(Adhikari et al, 2006).

High concentrations of particulate matter also iotpanegatively on visibility (Hwang
and Hopke, 2007; Tsai and Chen, 2006), which in tan pose a danger to human health

by increasing the risk of accidents etc. due ta pwibility.

1.6.4 Air Pollution in the Highveld

The city of Vanderbijlpark lies near the southerorder of Gauteng province. The
longitudinal profile of the country from the wegiast to the east coast is unique in that
there is a coastal plain which rises sharply fogranstring of mountains which more or
less follows the coastline called the escarpmehe feight of the escarpment ranges
from around 1500m along the east to about 500mgatha west. The area above the
escarpment is relatively flat with a slight dip &nds the west. This area is called the
plateau. The Gauteng province lies on the higheradéd section of the plateau which is
called the Highveld as shown in Figure 1. The sit¢ Johannesburg, Pretoria, Soweto
and Vanderbijlpark fall within this region and aally are part of the first declared air
pollution priority area. This unique geography asllvas South Africa’s location at
around 30 degrees south latitude also combinehegéd create a unique type of climate

on the Highveld which has peculiar implications patlution.

The city of Vanderbijlpark falls within a highly deloped region that is referred to as the
Vaal Triangle. Within this region there are mangidential suburbs, many of them

informal settlements that use coal as a sourceuel fThis is a highly industrialized
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region with large ferro alloy industries like Sammanand ArcelorMittal South Africa, as
well as Sasol and a coal fired power station. Tgewith emissions from agricultural
activities, biomass burning and mining, amongsep#rtivities, the region has over the
years developed very poor air quality, hence egrtive honour of being declared the
first pollution priority area in the country by tiMinister of Environmental Affairs and
Tourism on 21 April 2006. As depicted in FigurePMio has been identified as the major
pollutant in the region. (DEAT, 2009)

] FESERTE  Mahalapys 37
CmprremE st AT
RESERVE . T 7,

S

Figure 1.1: Areas in South Africa where elevated aipollutant concentrations exceeding
health thresholds have been recorded. The Highvelgkgion is located in the north eastern
interior within which is the Vaal Triangle Airshed Priority Area (DEAT, 2005)

1.6.5 Dispersion potential of pollutants in the atmosphere

Meteorological and topographical conditions largedgtermine the transportation,

dispersion and deposition of air pollutants (Shaganal, 1996,). The ability of the
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atmosphere to remove and/or dilute pollution i®mefd to as the dispersion potential,
hence, the extent of pollution in any given ared hance the risk to health and well
being will be dependent not only on the emissiagnsfthe various sources but also on
the dispersion potential of the atmosphere. Adogrtb Wark and Warner (1981, cited
from Sharan et al, 1996), there are basically tvezimanisms that govern the dispersion
of pollutants in the atmosphere, viz. the meanflaiw that transports the pollutants
downwind, and, the turbulent velocity fluctuatiotisat disperse the pollutants in all
directions. The level of turbulence in the atmasph especially in the layer closest to
the surface (boundary layer) will determine theeakto which pollution will accumulate
or disperse in the atmosphere. This movement ofoaiturbulence occurs both
horizontally and vertically. Vertically, thermalirculation generated by surface heating
during the day occurs only to a certain heightebgrsetting a limit to the upward mixing
of pollutants (Myrick et al 1994). Mixing heights therefore become significa
parameters in a dispersion model. The stabilitthef atmosphere and the depth of the
surface boundary layer define the vertical compan&he horizontal dispersion of
pollution in the boundary layer is primarily a fuion of the wind field and atmospheric
stability. (Liebenberg-Enslin and Venter, 2005)heTwind speed will determine how far
downwind pollutants will be transported as well @ rate it will dilute in the
atmosphere, as well as, together with surface noegg) determine the degree of
mechanical turbulence. The general direction pledititants will follow and the extent of
cross wind spreading will be determined by the wdiréction and the variability in wind
direction. (Tyson and Preston-Whyte, 2000). Pallutconcentration levels therefore
fluctuate in response to changes in atmospherilisgato concurrent variations in the
mixing depth, and to shifts in the wind field (G@tth and Tyson, 1988, cited from
Liebenberg-Enslin, 2006, Freiman and Tyson, 2000)e dispersion potential and
eventual removal of pollutants from the atmospheretherefore governed by the
meteorological characteristics of a site. Information wind speed, wind direction,
temperature, humidity etc. is required in ordedé&bermine the dispersion potential of a

site.
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1.6.6 The horizontal transport of pollutants and air circulation over the Highveld

The dynamics of local climate which involves bdtle wertical and horizontal movement
of air will determine what will happen to pollutiowhen it is released into the
atmosphere. Pollution levels will fluctuate dagégd hourly, in response to changes in
atmospheric stability and variations in mixing deplvertical movement), while,

atmospheric circulation will have an effect on tta¢e of transport and dispersion of

pollution (horizontal movement)(Tyson and Preston —Whyte, 2000)

Horizontal transport which occurs on a meso andllecale also has a direct bearing on
removal of pollutants and in the case of the Hidghveecirculation can maintain high

concentrations of pollution within a region.

The southern African subcontinent has a uniqueo$eteteorological and physical
characteristics which significantly affect the sport, emission and climate forcing of
aerosols (Garstang@t al, 1996; Ichokuet al, 2003). Stable layers, anticyclonic
circulation and inversions increase the pollutiombtem over southern Africa by
preventing vertical mixing (Piketh and Walton, 2004son and Von Gogh, 1976; Tyson
et al.,1996a).

The regional circulation over Southern Africa isvdoated by the sinking Hadley high
pressure cell while the semi-permanent subtropigaticyclones dominate lower
tropospheric circulation (Tysoet al,1996b) at a geopotential height of 800 hPa (Riket
et al.,1999). As descending air is the dominant motioa,ain warms and dries up due to
adiabatic processes, creating a highly stable tbéymamic structure of the atmosphere
(Tysonet al, 1996b).

Multiple persistent stable layers are able to adritansport over the sub-continent as air
masses may become trapped between stable layersarfivection has occurred from the
lower troposphere (Garstareg al, 1996). Four stable layers are present over south

Africa, three of which lie over the interior platealhe first is situated at the top of the
midday mixing layer at 700 hPa. The second occurs08 hPa, and is produced and
sustained by large-scale subsidence. The third kxists at 300 hPa but carries greater

significance for the transport of ozone, rathemtla@rosols. A fourth stable layer lies
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between the plateau and ocean, over the coastiB&0ehPa (Tysoet al, 1996b). Stable
layers inhibit vertical diffusion and transport aérosols and trace gases and restrict
horizontal transport between layers, increasingugioh concentrations (Cosjin, and
Tyson 1996, Tysoet al, 1996b, Zunckegt al, 2000).

Specifically over the Highveld itself, the stablatiayclonic conditions are ideal for the
formation of surface based inversions (Heldal 1996,). Frequent nocturnal surface
inversions up to about 300m above ground levebtera very stable boundary layer with
extremely unfavourable dispersion conditions faw level emissions, especially during
the winter months. Mesoscale factors such as ratljoinduced topographic winds,
urban heat island effects and atmospheric stabdiy important control factors in
atmospheric pollution dispersion. These mesoscateulations and atmospheric
conditions control to a large extent the transpod dispersion of low level emissions of

pollutants, especially during the night and in wimiHeld,et al 1996).

Accumulation of pollutants on the Highveld is irdhced by sub-continental and regional
scale recirculation and down mixing of pollutantsitt were trapped at higher elevated
inversion layers. Scheifinger and Held (1997) doded that synoptic scale transport
mechanisms have a large controlling influence omosaé concentrations at the

escarpment. Rapid large scale increases in comatiemis of pollutants can usually be
ascribed to effective down-mixing. Sub-continentsdale recirculation could be

responsible for the importation of pollutants argsfrom biomass burning in regions far
north of South Africa (Heldet.al, 1996). Almost 75% of pollutants are recircutate

around the South Atlantic high along the east céagson, P.D. and Preston-Whyte,
2000, Tyson and Gatebe, 2001).

The Highveld lies on a plateau some 1600m above l®esl. The regional scale
topography slopes gradually downwards towards test\and south. To the east lies the
escarpment of the Drakensberg. The southern aréfzedflighveld is dominated by the
Vaal Basin some 1400m above sea level, which tdnddrain cold air from the

surrounding high-lying plateau of the Gauteng ragio
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According to Heldet.al (1996), over the Vaal Triangle, surface air floave dominated
in summer by northerly to north westerly winds andwinter by westerly to south
westerly winds. The topography of the area hagaifgiant local impact on the diurnal
cycle of surface winds. During the night drainalysvé dominate from north and south
under stable conditions, resulting in increasedhrcgasterly and south-easterly winds.
However, as the ground heats up during the day,stiteace inversion weakens and
drainage flows stop. The daytime convective boupdayer develops. Convective
dispersion in the vertical however is limited besauthis convective layer usually does
not develop sufficiently to break through the etedainversion layer. Synoptic forced
surface winds dominate during the daytime. This ttes impact of causing local

recirculation to occur on a diurnal basis overWaal Triangle region.

It is not yet clear for the Vaal Triangle Area lfséo what extent recirculation of

pollution over the Highveld may influence ambieM {3 concentrations. While this study
will only be focussing on the impact of RpMhat is created directly from the plant itself,
the presence of recirculated pollution, if any, megntribute towards elevated

concentrations of PM.

1.6.7 Dispersion Modelling

A simple definition of dispersion is the spread pafilution as it moves through the
atmosphere both vertically and horizontally. A @ispon model is a tool that is used to
predict the impact of one or more sources of allupgmts on the ambient air. Dispersion
models make the use of mathematical equations whefcribes the atmosphere,
dispersion and chemical and physical processesinwithe plume, to calculate

concentrations at various locations (Holmes and aviska, 2006). Vannucci et al.,

(2008), expands further by stating that the equat@re based on, firstly meteorological
conditions (wind speed and direction, stabilityssleof the particular atmosphere, air
temperature profile); emissions parameters suclsoasce location and height, stack
diameter and exit velocity, exit temperature angsrfiow rate, terrain morphology, and,
the presence, positions and dimensions of buildorgsther structures which can affect
the path of emission. The New Zealand Ministrytef Environment (2004) further adds

that the models are useful in predicting downwindaentrations provided we input the
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required information about the pollutant emissiand the necessary meteorological data.
Dispersion models alsassists in the development of an understandinigeofrtechanisms
that give rise to observed concentration charattesi (Turner, 1996). No model will
ever replicate reality exactly and at most, wikgent a reasonable approximation of the
real situation. Good models, based on a sound staoheling of the physical principles
involved, can provide very meaningful results, pded that good input data are used and
that the modeller is fully aware of the limitatioatthe result. The use of real measured
data like on-site meteorological data as well amsueed concentrations of pollutants

further enhance the viability of the results prashilic

According to Seinfeld (1975); Zannetti (1993); Nedealand Ministry for the
Environment (2004) and Annegamt.al (2006); cited from Buthelezi, (2009), the

application of air dispersion models, amongst aheclude:

» Establishing emission control legislation;

» Evaluating proposed emission control techniques strategies, i.e. evaluating the
impact of future abatement and mitigation contymi@ns;

» Selecting locations of future sources of air palhus, in order to minimize their

environmental impacts.

Of course, modelling is essential for establishbasgeline conditions which helps in

planning future mitigation measures required.

Modes can be classified into three types, viz. Gians Lagrangian and Eulerian. The
Gaussian type is widely used in atmospheric digpersnodelling, (Holmes and
Morawska, 2006; Zannetét al, 2003, Seangkiatiyutlet.al, 2011), and is widely used
for estimating the ground level concentration ofineactive pollutants (Vannucatal.,
2008).

The Gaussian model is based on the Gaussian plomeul which is derived by
assuming steady state conditions i.e. the formslanot time dependent and the
meteorological conditions are assumed to remairstanh during the dispersion from
source to receptor ( New Zealand Ministry for theviEonment, 2004). According to
Tyson and Preston Whyte (2000), the Gaussian moatelbe easily applied and has
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modest data requirements and can be adapted torietyvaf different uses and

circumstances.

The Eulerian and Lagrangian models are also nualerwodels and are used for
modeling reactive pollutants. They require much ena@xtensive input data and
resources. The Eulerian model employs advection diffdsion processes and has a
reference system that is fixed in relation to tleetl (Byun,et al, 2003). In Lagrangian
models, the motion of air masses or particles palsifollowing the flow is studied,
including the simulation of the presence of turbtuleddies by subjecting particle
velocities to a random forcing (Anfossi and PhysizR03). The Lagrangian puff type
model attempts to incorporate the effects of vayywind conditions, where it considers
pollutants to be emitted in a series of puffs wahch puff being transported in a
simulated wind field. The puffs are consideredaieton the Gaussian form that expands

as the transit time progresses. (Turner, 1996)

Receptor models are based on statistical analysssluent pollutant measurements and
relevant emissions information and are valuable reshdetailed knowledge of actual
emission rates is uncertain. Statistical modelgrtively, utilize variables of space,
time, meteorological, emissions and other relewariables to provide estimates of
concentration levels by using regression, stasistend analysis techniques. These

models however have limited applicability (Roth delynolds, 2003).

1.6.8 Modelling low-level emissions

In the Vaal Triangle region, and especially in wimivhen the inversion layer is strongly
developed, pollutants emitted at low level durihg night are poorly dispersed in the
stable boundary layer resulting in high concertraibeing experienced at ground level
near the source, whereas during the day, the afsginvective mixing leads to lower

concentrations. According to Turner (1996), thiy dend night time occurrences are
basically simple single layer plume dispersion, aithost any of the published or

commercially available models can give satisfactangdictions, provided that the input

data is reasonably good.
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He goes on to add that there are two broad typdsspérsion models that can be used in
this context. These are either the Gaussian pluntieecLagrangian puff-type model. He
believes that the Gaussian plume model is usefdéurlighveld conditions; however,
their accuracy diminishes further for very low wisigeeds which occur frequently on the

Highveld often at night.

1.6.9 Comparison between the various commercially available dispersion models.

The brief comparison between the ISCST3, AERMODOp@éand the ADMS has been
adapted from Buthelezi (2009). Of the four mod#isee are steady state Gaussian based

while one is Lagrangian puff based.
ISCST3
Advantages:

* Itis very simple to use. Does not require sopteded data
» Can be used as a screening model to determine erhebre advanced modelling is

required.
Disadvantages:

* Is useful for point, area and volume sources amly tlistance of 50km,
» Can only be used in simple terrain,
e Cannot incorporate the improved knowledge of thecstire of the atmospheric

boundary layer and the resulting estimations djulent dispersion processes.
AERMOD
Advantages:

* Can be used in simple and complex terrains,
* It is an improvement over ISCT in the sense thatt fas a continuous rather than
discreet parameterization of atmospheric stabitityd (ii) makes provision for

vertically asymmetric plumes.
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Disadvantages:

» Limited in terms of treating atmospheric chemicalgesses,

e Cannot deal with odours and there are no specifacgsses for dealing with
ammonia and hydrogen sulphide, i.e. except by apation, it is unable to deal
with atmospheric chemistry.

* May under-predict for sources less than 100m andrelable for modelling at

distances greater than 50km.
CALPUFF
Advantages

» Can model complex terrain and can account for fifecteof elevated terrain on
ground level concentrations,
* It has the algorithms to handle the land water &mapire differences along coastal

areas.
Disadvantage:

* Requires sophisticated meteorological inputs,
* Is data intensive,

* Requires more expertise and resources than othéelmo
ADMS
Advantages:

» Can simulate both continuous plumes and short idurauff releases,
* Can be used for point, area, volume sources anthearsed to model motor vehicle

emissions.
Disadvantages:

» High costs of both the software and training witlit the accessibility of this model.
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The AERMOD model, based on the Gaussian Plume muadhéth is widely used world
wide, will be used for the dispersion modellinghims study. The model has been applied
to evaluate the dispersion of a number of polltamicluding PMo, hydrogen cyanide,
SO, Sulphur hexafluoride and VOCs (Venkatramal, 2001, 2004, 2009; Bhardwej
al., 2005; Orloffet.al,2006; Zouet.al, 2009, 2010, cited from Seangkiatiyutt,al,
2011). The model does produce reliable resulteafrhodelling domain has a relatively
flat terrain and the atmospheric processes ar¢éopotomplex e.g. the modelling domain
is not traversed frequently tropical or mid-latiéudyclones and if one is modelling near
field concentrations, i.e. within 10km from the so (New Zealand Ministry of
Environment, 2004; EPA, 2004). These conditionsv@iteat the study site. Further

information on the model will be provided in chapigo.

kkkkkkkkkkkhkkkkkkkkkkhkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkk

The impacts of the iron and steel industry on a@liy were
discussed, together with an explanation of thethdaipacts
of PMyo on humans. The vertical and horizontal dispersibn
pollutants in the study area was examined, inclyidinbrief
overview of dispersion modelling in general. These@rch

goals of the study were also outlined.
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CHAPTER TWO: DATA AND METHODOLOGY

Chapter two contextualizes the study by
identifying the Vaal Triangle Airshed Priority
Area, as well as detailing the emission reduction
plan of Vanderbijlpark Works. It provides a
detailed description of the site and surrounds.
The data sources, data acquisition, methods,

analysis and model input data are discussed.

2.1 The Vaal Triangle Airshed Priority Area: Context of study

The Vaal Triangle Airshed Priority Area comprisdsvarious metropolitan areas from
both the Gauteng and the Free State provincesh@ adrth is the City of Johannesburg,
followed by the Emfuleni, Midvaal and Metsimaholeetybpolitan areas (see figure 2.1).
The city of Vanderbijlpark falls within the EmfulenMetropolitan area. The

ArcelorMittal Vanderbijlpark Works is located on ethnorth western outskirts of

= £
=
- = s, - =
e e
¥
i s
] : ‘ —
! Gauteng = g
r r <
] Krugersdorp L et
— - : ; =
— City of b e
¥t 4 Johanne?urg 3 %
[ .
Iy [ S—
\‘ b
1]
- -
- -
- u
’,
-k
i ‘._t" I i - )
1 - s Oranhge Farm v
I‘. - <33 1 e v « Heidelberg
. -~
- e T
Evaton At '}
—— « Meyerton H
® Sebokeng -
Emfuleni Sharpvilp ‘e S ®enaing —
Vanderbijlpark e __/—.-" Midvaal
e -
H « Sasolburg ~
—_ - & Zamdela ~n wa
P S P S Y
P - O wWolwlhoek ® Cilydesdale “ed
"~
I 3 -
- Metsimaholo o e
- o--—-‘
\’ po—
KEY =4
Proposed Priority Area Boundary
----- Provincial Boundary
Metro Boundary ’ 10 o 20Km
National Road —

Figure 2.1: Map outlining boundary of VTAPA (R.G.Thomas, 2008)
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The VTAPA Air quality management plan was eventughublished in 2009 and
basically outlined the emission reduction stratedoe the various significant polluters in
the region.

The emission reduction strategies, including target AMSA were set out in this
document. It is recognized and acknowledged thetcpéates are the main problem in
the area. The following ambient air quality limitere adopted for Particulate Matter for
the VTAPA, a 24 hour maximum of 75ug/nm3 and anuahraverage of 40ug/Nm3.
ArcelorMittal and Samancor Metalloys were identifias the main contributing sources
to PMyo. ArcelorMittal needs to reduce ambient BMir quality concentrations resulting
from the Vanderbijlpark Works by between 1 % an®2{DEAT 2009). It is not clearly
understood why this range was selected and why adahge range. It is assumed that
within this target, as long as 1% decrease carebedstrated, compliance to the AQMP
is proven. This should be reviewed and revisedhatnext review of the AQMP and a

more realistic, achievable and meaningful targetikhbe chosen.

2.2 ArcelorMittal South Africa Vanderbijlpark Works Emissions

reduction strategy

It must be noted that the reduction strategy wésnsited in 2007; hence the short term
interventions had a start timeline from 2008. Sarhéhese interventions have therefore
already been implemented and these reductionsctually reflected in the 2010 baseline
that was modelled. ArcelorMittal Vanderbijlpark shacommitted towards the
minimization of impacts from their operations iretteceiving environment. Information
on the Emissions Reduction Strategy was sourced fitee AMSA internal Emissions
Reduction Strategy document compiled by K. Zantoduné 2010, version 6).
Calculations of expected reduced tonnages wer@eatkrsing the information gathered
during the development of a detailed emissionsntory in 2004 and which was peer

reviewed the following year.

Specific interventions that were expected to immecPM10 emissions in thehort term
(2008/9) included:
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The stoppage of dosing with spent pickling liquorttee Sinter plant: Past practices
required Spent Pickling Liquor to be sprayed irfte mixing drum forming potassium
chloride (KCI) which form part of the gas releagecatmosphere. The removal of KCI
particulates downstream proved ineffective and phactice was stopped. This project
was completed in May 2006 resulting in a fugitivetgulate emission reduction of 5
107 tpa.

Reducing roof emissions from Blast Furnace D (BEIring the last reline of BF-D,
the effectiveness of the primary extraction systess improved to capture a significant
portion of the roof emissions from the cast holtsis. expected that this intervention will

reduce the fugitive dust emissions3np tpa.

Dust suppression at the waste digplosite: A dust suppression system using highspres
to create a fine water mist will be constructedhat waste disposal site to prevent dust

transportation. The expected reduction in fugitiust emissions is 70 tpa.

Secondary Dust Extraction System at EAF: Instalfatof a secondary dust/fume
extraction system with its own badfilter systemhnén average capacity of -5,000,000
m3/hr is proposed. This will capture fumes and dustently escaping through the

openings in the roof reducing dust emissions bytH@0

Direct Reduction (kilns) Electrostatic Precipitat@SP) rebuild: This involves the
replacement of the refractory linings that will imnpe the performance of the ESPs at the
Direct Reduction kilns. The fugitive particulate ission reduction is expected to be 50

tpa.

Proposedshort -Medium term (2012) interventions for ArcelorMittal Vanderbijlpark are

as follows:

Replacement of old Coke Batteries: Replace Ba#ietie3, 6 and 7 with two larger
batteries (10 & 11). These batteries will be infednby "best available techniques”
(BAT) and reduce emissions from the combustionkstaBatteries V4, V8 and V9 will

continue to operate until 2020. Particulate emisswill reduce by 318 tpa and Sy 1

712 tpa. The project was expected to be completddiedcember 2013.
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2.3 Site Description

N | L | (9l
o Kalbastantein |\, .' aalmaralo- ! ",{na|esiue
| R S
uEvato } .;.Dphu Heniey
F FnKllp
_ OerdsL.}. Y
nSebukeng ! \ Jgﬂ heyerton
Heutikop 4 ‘,M:‘:\g};‘e‘:on " s Riversdaie
_ Sonlandka\lk | "F!eﬂ.ajl
g oy et | RrunBadc, | oKay T
ISCOR FLAT STEEL /— JnS ol Zhuss i, _-
o N NI,
PRODUCTS [ o = Boipatong oPeac-ehawn . ""—--;_ /," =
( o Sharpevr(ue 2 X
|/ Dttosdrif \ -~ ~gRithmond | = '
S 1=
- Vanderbijlpark Be"“”"“" Pade: |
Loohu'aaic pwaaniemw : o\(ﬁloensdnf . |
Barra‘ge : '.;-oﬂﬁﬁdla J’}
_ || o Thetwille:  \oVaalpak ” »_-,]Vaal I
/ N \ ' N2
- Mdarl Bank | '} | N . =
“ River \ 2 . |
Clifton® . o Sgsolb ‘g F — E—— ]
Nifelteyrede ;Zamde 20 30 40

Figure 2.2: Map showing location of ArcelorMittal South Africa Vanderbijlpark Works
(Liebenberg Enslin, 2005)

Vanderbijlpark Steel is situated directly northnimrthwest of the town of Vanderbijlpa
in Gauteng (see Figure 2.2). The current land usése region nclude farming, sma
residential communities and business trade. Besiiexlerbijlpark which is situate
directly southeast of the plant, the residentiglaarof Sharpville and Bophelong are
the southeast and southwest, respectively. Boigaterimmediately to the east, wi
Sebokeng to the north (see also Figure 2.3). EvatdnOrange Farm are located nortl
Sebokeng. The town of Vereeniging is approximatlym to theeast northeast and
Sasolburg is approximately 20km further to the Bowt snaller residential area

located to the east, directly north of Boipato

The general topography is characterised by gentlyng terrain with no hills within th
surroundings In the immediate vicinity of the plant the averaglevation is 1500 1
above mean sea level (mamsl) decreasing to 1480 martisé centre of town and to t
east and west. (LibenbeEnslin and Venter, 2005)
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Figure 2.3: Location of sensitive receptors (residential areasi relation to the plant
(AMSA, Vanderbijlpark)

2.4 Meteorological monitoring at Vanderbijlpark Works

Figure 2.4 displays the positions of the four ambsgations situated at the 4 sides of
plant. They are called 600, 350 and 300 (due tdehgth of the Opsis light beam) a
the one located in the farm outside the fencelifel¢w in Fig 2.4)on the western sic
is referred to as the caravan station. The 35@asté situated along the south east
fence line (Blue - Fig 2} the 620 is along the southern fence line 1 — Fig. 2.4), and
the 300 is along the northern fence line (G — Fig 2.4).
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Figure 2.4: Position of the fenceline monitoring stations at Vaderbijlpark Works

All the stations monitor meteorological parameterfie meteorological paramete
measured on a continuous basis include: Wind spesa] direction, temperatur
humidity, and, rainfall. We also measure the ndeseels at all the statior These
parameters are measured approxim. 2m from the ground and t period of

measurement is from 1 January 2010 to 31 Decentli€r

2.5 Pollutants measured per station

The Opsis light beam from the 620 station measthesfollowing: Ozone, Sulpht
Dioxide, Nitrogen Dioxide, benzene, toluene anderg@l. The stationlso houses 3

analysers, viz. b8, CO and PM10 analyse
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The Opsis light beam from the 350 station measiiresame paraners as 620. There
are however twdM 10 monitors: Verewa and Opsis SM 200. The statiso houses
H,S and a CO analyser.

The Opss light beam from the 300 station also measures#me parameters as thO.

It also contains a SM 200 F;o monitor and a CO monitor.

The western station is referred to as the Caravatios which houses the %/H»S

analyser, NO/N@analyser, CO/; analyser and a Pjflanalyser

Gaz hket

"
s {
akais tibe J Qpskpatway
: §e e bie

Figure 2.5: Position of PM; inlet with cyclone for the 350 station
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Figure 2.6: Position of PM, analyser and data logger at ambient stations in Vaterbijlpark
Works
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2.6 PMjo emissions from Vanderbijlpark Works

The Vanderbijlpark steel works is an integratectlsteorks and its Pl;o emissions are
typical of this. Significant sources of ko emanate from the sinter plant, the b
furnace and the steel making plant amonthers. These emissions are released thr:
stacks located at the various plants. It has bestermiined that significant Fio

emissions are released fugitively from various sesilike roof emissions, stockpiles

Figure 2.7 Photo showing all the point source emissions fronhé plant: Pink-Direct
Reduction Stacks; Black Coke Oven Stacks; YellowBlast Furnace stacks; Blu-
Sinter stacks; Greer-Electric Steel making stacks; Reddxygen steel making stack
(AMSA, Vanderbijlpark)

2.6.1 Emission data from stacks (Point Source

Figure 2.7 illustrates the mainoint source stacks that emit RMfrom the plant.
Measured PN} data has been sourced from the different plantstiamipoint source

PMyo. Almost all the point sources have continuous dusnitors installed on the stacl
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For the few that do not have, periodic isokineimples are taken. The data is gathered
at source which is then transmitted via radio digonasoftware where it is converted to
data that could be manipulated and converted itmthute, 24 hour, monthly or annual
averages. This data is then validated on a morithkis before being recorded as the

monthly stack emissions.

An emissions inventory for the point and fugitivausces was developed by consultants
in association with Vanderbijlpark Work’s environmtal professionals. This inventory is
updated on a bi-annual basis. The emission rabes tihe final 2010 inventory were used

to input into the model for the point sources.

The updated emissions inventory for Vanderbijlp@férks for 2010 was used to access
the emission rates for the different sources fdid20t was mainly the point sources that
were updated. The inventories for the fugitiveseveot updated for 2010. An emissions
inventory for fugitives was done in 2005 when anaaiality survey was conducted as
part of an EIA for the installation of an additibrizaghouse on the Blast Furnace D
Stockhouse at Vanderbijlpark Steel. This informatieas used for the fugitive emissions
data in this study as this was comprehensively dmtenot any significant changes are

expected from then till now with respect to fugitiemissions.

The key point sources emitting Rifrom the plant as illustrated in Figure 2.7 above
were provided with source codes which were thewmtieg into the model. Table 2.1 in
the next page provides the source codes with thecealescriptions and the emissions
rates for 2010 which was inputted into AERMOD. ojéther 66 point sources were
identified and they have been grouped accordirtheqlants, i.e., the Sinter plant, Coke
Ovens, Blast furnace, Direct Reduction, Electrid &xygen Steelmaking. All the other
stacks from the smaller plants were grouped asefeth With regard to the emission
rates for the Lurgi stacks, the rates for 2005 wesed as this was the last time it was
measured. The stacks are now only monitored for HESLthis is the only legal
requirement currently. This plant is stable andehe not much variation in emissions,

further, it is not a significant emitter of Riyso the 2005 rates are considered adequate.
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From all the stacks the sinter main stack had tbledst emission rate of 0.0201 kg/s. It
was one of the stacks that was targeted for intgiwe but was not included in the
VTAPA AQMP as an intervention. The installationaobaghouse at the main sinter stack
is expected to reduce Riemissions by 85% (Liebenberg-Enslin and Krausé8pMBy
2012, the baghouse has been installed and the pamurrently busy with its
commissioning. The expected reduction in jgMmissions would therefore also be

included in modelling the interventions.

The emission rate for the Direct Reduction Kilnseegency stacks is showing nil
because these stacks only emit during emergendiehwccur at irregular intervals and
for short periods of time in any case. The amoumtted is not expected to be significant
and hence an emission rate of 0 was given for theszks. During 2010, there were no
readings taken at the Cooling Carousels at theelSpiant and hence these stacks also

reflect a O emission rate.

Table 2.2 displays all the source characteristias are required by AERMOD. These are

the stack heights, the stack diameters, the elatitees and the stack temperatures.
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TABLE 2.1: POINT SOURCES AT VANDERBIJLPARK WORKS
(AMSA, Vanderbijlpark)

SINTER COKE OVENS BLAST FURNACES C AND D
Source Emission Source Emission Emission
Source code |Description rate g/s Source code Description rate g/s Source code | Source Description |rate g/s
SPSBSRN Sinter bed screen 0.1] |COQNTWR1 Quench Tower 1 1.23| |BFDSTKH D Stockhouse 0.05
STP Sinter tippler 0.4] |COQNTWR2 Quench Tower 2 1.23 BFDSTV D Stove 0.02
SPSTND12 |mainsinterstack 20.1] JCOQNTWR3 Quench Tower 3 1.23 BFCSTKHS CStockhouse 0.05
SPAG Sinter stack AG 0.8] |COQNTWR4 Quench Tower 4 1.23 BFCCSTH CCasthouse 0.02
SPBG Sinter stack BG 0.8] |COOVN1 Batterystack 1 0.34 BFCSTV CStove 0.01
Pulverized coal
SPCG Sinter stack CG 1.1] |COOVN3 Batterystack 3 0.32] |BFPCI1 injector 1 0.002
Cooling Carousel Pulverized coal
SPCC1 1 0] |COOVN4 Batterystack 4 0.37 BFPCI2 injector 2 0.03
Cooling Carousel
SPCC2 2 o] |COOvVNe Batterystack 6 0.32] |FLARE1 0.03
COOVN7 Batterystack 7 0.33 FLARE 2 0.03
OTHER POINT SOURCES COOVN8 Batterystack 8 0.29| |FLARE3 0.03
Source Emission
Source code |Description rate g/s COOVN9 Batterystack9 0.41 FLARE 4 0.03
nowvstripre
HMREHF1 heatingfurnace 1 0.4
hot strip re
HMREHF2 heating furnace 2 0.4] | DIRECT REDUCTION ELECTRIC AND OXYGEN STEELMAKING
hot stripre Source Emission Emission
HMREHF3 heatingfurnace 3 0.4] |Source code Description rate g/s Source code | Source Description |rate g/s
hot strip re
HMREHF4 heatingfurnace 4 0.4]| | DRSEPESP Separation ESP 3.21 ESMLDLF1 Ladle furnace 1 0.01
Emergency stack
LURGAP1 Lurgistack 1 0.42| |DRKLN1E 1 0 ESMLDLF2 Ladle furnace 2 0.1
Emergency stack
LURGAP2 Lurgi stack 2 0.35] |DRKLN2E 2 0 ESMFNC1 Furnace 1 stack 0.09
Emergency stack
LURGAP3 Lurgi stack 3 0.39] |DRKLN3E 3 0 ESMFNC2 Furnace 2 stack 0.09
Plate mill re heat Emergency stack
SMREHF1 furnacel 0.01] |DRKLN4E 4 0 ESMFNC3 Furnace 3 stack 0.13
Plate mill re heat Raw materials
SMREHF2 furnace2 0.01] | DRRMESP ESP 0.55 OSMPOST1 |Primaryoutlet1 0.13
HPBOIL1 HP boiler 1 0.02] |DRKLN1 Kiln 1stack 0.43 OSMPOST2 | Primaryoutlet 2 0.13
HPBOIL2 HP boiler 2 0.02] |DRKLN2 Kiln 2 stack 0.52 OSMLDL1 Ladle furnace 1 0.06
HPBOIL3 HP boiler 3 0.02| |DRKLN3 Kiln 3 stack 0.63 OSMLDL2 Ladle furnace2 0.16
MFCYCL Foundry cyclone 0.63| | DRKLN4 Kiln 4 stack 0.27] |osmBLT3  |Bagfilter3 0.23
STLCAR steel servstack 0.1 OSMBFLT4 |Bagfilter4 0.25
secondary outlet
OSMSOBH1 |baghouse 1 0.31
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TABLE 2.2: SOURCE CHARACTERISTICS FOR THE POINT SQUE STACK
(AMSA, Vanderbijlpark)

SINTER PLANT STACKS COKE OVENS

Source Height]Diameter]| Exit Stack Source Exit Stack

characteristics |(M) (M) Velocity] Temperature| | characteristics|Height (M)] Diameter(M)] Velocity] Temperature

screen 6 0.9 4.5 298| |1 15 8.9 7.3 373

Sinter tippler 8 1.4 13.7 298| | Quench Tower 15 8.9 7.3 373

main sinter stack 99 6.7 9.5 373] |Quench Tower 18 8.9 7.3 373

Sinter stack AG 37 2.8 9.6 323] |Quench Tower 18 8.9 7.3 373

Sinter stack BG 37 2.8 10.7 304] | Batterystack1 110 3 1.7 403

Sinter stack CG 33 2.8 7.5 312] | Batterystack3 110 3 1.7 403

Cooling Carousel 5 2 6.7 373] | Batterystack4 110 3 1.7 403

2 5 2 6.7 373| |Battery stack 6 110 3 1.7 403
Batterystack 7 110 3 1.7 403
Battery stack 8 110 3 1.7 403
Battery stack 9 110 3 1.7 403

BLAST FURNACES CAND D ELECTRIC AND OXYGEN STEELMAKING

Source Height] Diameter|Velocity] Temperature | | Source Velocity] Temperature

characteristics |(M) (M) (M/S) (K) characteristics|Height (M)| Diameter(M)] (M/S) (K)

D Stockhouse 20 2.5 12 298] | Ladle furnace 1 18 1 16.8 341

CStockhouse 18 1.8 14.4 298| | Furnace 1 stacld 25 2.5 6.2 341

CCasthouse 25 2.8 12.3 325] | Furnace 2 stacld 25 2.5 6.2 341

CStove 61 3.8 2.1 373] | Furnace 3 stacld 25 2.5 6.2 341

Pulverized coal

injector 1 45 1 10.4 368| | Primary outlet 75 1.8 16.3 1273

Pulverized coal

injector 2 45 1 10.4 368] | Primary outlet 75 1.8 16.3 1273

FLARE 1 45 2.6 3.2 1273] |Ladle furnace 1 11 2.1 5.4 363

FLARE 2 45 2.6 3.2 1273] | Ladle furnace2 15 2.1 9.9 318

FLARE 3 45 2.6 3.2 1273| | Bagfilter 3 20 3.4 15.8 320

FLARE 4 45 2.6 3.2 1273] | Bagfilter 4 60 1.4 13.8 297
secondary
outlet 20 3.3 16.4 316

DIRECT REDUCTION OTHER POINT SOURCES

Source Height[Diameter[Exit Stack Source EXIt Stack

characteristics |(M) (M) Velocity] Temperature| | characteristics|Height (M)] Diameter(M)] Velocity] Temperature
notstripre

Separation ESP 30 3.1 12.4 298| | heating 40 2.3 5.7 477

Emergency stack hot strip re

1 31 2.1 5.5 1253] Jheating 40 2.3 5.7 477

Emergency stack hot strip re

2 31 2.1 5.5 1253] | heating 40 2.3 5.7 477

Emergency stack notstrip re

3 31 2.1 5.5 1253] | heating 40 2.3 5.7 477

4 31 2.1 5.5 1253] JLurgistack1 38 0.75 4.2 368

ESP 25 2.5 18.7 298| [ Lurgistack 2 38 0.75 4.2 368

Kiln 1 stack 100 2.1 7.6 443] JLurgistack3 38 0.75 4.2 368
Plate mill re

Kiln 2 stack 100 2.1 7.6 443] | heat furnacel 32 1 2.2 364.6
Plate mill re

Kiln 3 stack 100 2.1 7.6 443] | heat furnace2 32 1 2.2 364.6

Kiln 4 stack 100 2.1 7.6 443] |HP boiler 1 15 39 4.2 463
HP boiler 2 15 3.9 4.2 463
HP boiler 3 15 3.9 4.2 463
Foundry 14 1.7 5.1 296
steel servstacld 4 1.7 8.5 312
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2.6.2 Fugitive dust emission data

It has been noted that fugitive dust emissions tethifrom various area sources within
the plant footprint are also very significant. éstigations carried out on site indicate
that fugitives can represent almost half the;P&missions from the site. These sources
range from dust, both from paved and unpaved rdeals, raw material stockpiles, from
the waste disposal site and from roof emissiongrast others. These fugitive emissions
will have to be considered. The emissions factommfthe various fugitive sources will
be obtained from the USEPA (1995) Compilation of Rillutant Emission Factors,
Stationary Point and Area Sources, AP42, Voluntst Edition.

The fugitive emissions were divided into volume ameda sources and USEPA emission
factors were used to calculate the emission ra&esomprehensive fugitive inventory
was done in 2007 by consultants as part of an Bnmental Impact Study for the
installation of an additional baghouse on the Hiastace D stockhouse (See Watson and
Landman, 2007). This inventory has not been reuviesiace. There have not been any
major changes that would have impacted on theifgémissions from then until now
and so the fugitive inventory was uszslis. It should be noted, however, that the fugiti
inventory needs to be reviewed in order to capammereductions in emissions from 2007

until now.

2.6.2.1 Building Fugitives

Watson and Landman (2007) identified five processgsresulting in the release of
significant quantities of building fugitives. Thesnclude the Stockhouse, the Blast
Furnace buildings C and D as well as the oxygenl steaking process (BOF). The
particulate emission rates and source charact=riag identified in this study for these
five processes are used as input into the modatk iBhoutlined in the table in the

following page.
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TABLE 2.3: EMISSION RATES AND SOURCE CHARACTERISTIC
FOR BUILDING FUGITIVES ( Watson and Landman, 2007)

PM10 RELEASE | INITIAL | INITIAL
SOURCE DESCRIPTION o/s HEIGHT | sigmA | SIGMA

(G/S) (M) Z(m/s) | Y(m/s)
STOCK HOUSE BUILDING" 3.06 % 20 37 1.2
ELECTRIC ARC FURNACE BUILDING VENTS ! 142.7 40 9% 1.2
BLAST FURNACE C BUILDING VENTS 10.9 20 37 1.2
BLAST FURNACE D BUILDING VENTS ! 13.8 20 37 1.2
(Ol)XYGEN STEEL MAKING (BOF) BUILDING VENTS 195 - % 12

Note: ) Treated as a buoyant line source, with the average line buoyancy parameter
calculated to be 702.45 (m/s?), the average length of the buildings were calculated as
121.6 m, the average width of the buildings as 17.2 m and the average height was set
at 31.3 m respectively.

() Emissions estimated from samples taken outside the Stockhouse building. A median
value of 191mg/m3 was used in the calculations

2.6.2.2 Materials Handling Operations

As with any heavy industry, materials handling dgsy a significant part in the
operations. Materials handling basically referite moving of the different raw materials
and waste and/or by-products from one point to larotvhich involves tipping, loading
and off loading of trucks.

The emission rates for the materials handling dmers were calculated using the
USEPA emission factors for these source types. Retjunformation is the material

moisture content and the wind speed at the timealle emission rates were calculated
for the source types identified in Table 2.4 uswmnd speeds obtained for the
Vereeniging Weather Service station for the perdathuary to December 2004 (the
ambient stations at Vanderbijlpark Works were nperational at this time). These

emission rates were averaged out for the yearesodbuld be inputted into the model.
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The total suspended particulate loads were estaratt@65.0 tonnes per annum with the
PM10 fraction estimated at 57.8 tonnes per annwspecively (Watson and Landman,
2007).
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TABLE 2.4: MATERIAL TRANSFER AT EACH OPERATION

(Watson and Landman, 2007)

THROUGHPUT |MOISTURE
1
OPERATION LOCATION (tpm) CONTENT(%)
Off loading of coal Coal preparation area 174 000 3.2
Off-loading of coal ]
fines Coal preparation area 15841 3.2
Loading of coal Coal preparation area 174 000 3.2
Loadingofcoal fines |Coal preparation area 15841 3.2
Tipping of coal Coke plant 140980 3.2
Tipping of coal Direct reduction kilns 33020 3.2
Tipping of coal fines Direct reduction kilns 15841 3.2
Off-Toading of sinter Sinter mixine beds
bed material f 8 243200 2.4
tiopler
Tipping at sinter bed
material Sinter bed screen 243200 2.4
Tipping from ] o
tippler/conveyor Sinter mixing Bed 1 200000 2.4
Tipping from
. Sinter mixing Bed 2 200000 2.4
tippler/conveyor
Sinter bed material off-[gjnt lant st
., |.n er plant storage 200 000 24
03 pile 1
Sinter bed material Sinter plant storage
transfer bile 2 200000 2.4
Loading of coke Coke ovens 8581 3.2
Coke storage piles at
; 8581 3.2
Offloading of coke coal preparation area
Behind electric arc
Loadingslag furnace 80000 0.6
Dumpingofslag At back of waste dump 10000 5.1
Loading of furnace|Direct reduction 12307 6.5
dust furnaces
Loading of separation|Direct reduction 3582 95
plant dust furnaces
Loaderg of raw|Direct reduction 157 54
material dust furnaces
Loading of dolochar (0-|Direct reduction 2472 9
1mm) furnaces
Loading of dolochar|Direct reduction 9967 9
(>1mm) furnaces
. Rail tippler at waste
Tipping of furnace dust it 12 307 6.5
site
Tippi f ti Rail tippl t t
ipping of separation .al ippler at waste 3582 9.5
plant dust site
Tippi f Rail tippl t t
|pp|ng o raw .al ippler at waste 157 5.4
matorial diict site
Tippi f dolochar (0-[Rail tippl t t
ipping of dolochar ( .al ippler at waste 2472 9
1mm) site
Tipping of dolochar R.all tippler at waste 9967 9
(>1mm) site
Loading of furnace & Blast furnace C 568 5.1

tap floor dust
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TABLE 2.4: CONT.

THROUGHPUT  |MOISTURE
1
OPERATION LOCATION (tpm) CONTENT(%)
Loading of stock Blast furnace C 598 5.1
house dust
Loading of Blast furnace D 682 5.1
furnace dust
Loading of stock Blast furnace D 235 5.1
house dust
Tipping of furnace[Rail tippler at
Pping .pp 568 5.1
& tap floor dust |waste site
Tiopi - -
ipping of stock|Rail t!ppler at 598 51
house dust waste site
Tipping of furnace|Rail t!ppler at 632 51
dust waste site
Tipping of stock]|Rail t!ppler at )35 51
house dust waste site
Loading of dust Electric arc 2083 0.4
furnace1,2&3
_— Rail tippler at
Tipping of dust X 2083 0.4
- waste site
Loading  of BOF| g c ¢ rnace 41667 15
furnaceslag
Off-loading of BOF|Rail t!ppler at 41667 51
furnaceslag waste site
Loading of BFip 4 1ace 6667 5.1
furnace slag
Off-loading of BF|Rail tippler at 6667 51
furnaceslag waste site
Offloading  oflc\5 ) pin site 206 0.4
OSM dust
Off-loading of
ladle furnace|FIDAbin site 90 1.5
dust
Loading °fl BOF furnace 18 2 250 15
furnace dust
Offloading — 0flc\5 ) pin site 250 15
furnace dust
. BOF furnace 3,
Loading o]
ladle furnace 1 & 42 1.5
furnace dust ,
Offloading — 0fl ¢\ pin site 42 15
furnace dust
Loading of Foundry area 4 1.5
foundry dust
Offloading — oflc\5 ) pin site 4 15
foundry dust
Loading of silica
Foundry area 42 1.5
sand
Offloading  of|t\h )\ pin site 42 15
silica sand
Rail tippler at
Loamngofdustu) .pp 80985 4
waste site
Off-loadin of{On-t f t
g n-top of waste 80985 4

dust ®

dump
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Notes for Table 4:

(1) Used site-specific information except for coal where typical moisture content was used.

(2 Including all Direct Furnace, Blast Furnace, and Electric Arc Furnace dust.

2.6.2.3 Wind erosion from exposed areas

A large industrial site is usually associated w#tockpiles and in the case of
Vanderbijlpark Works, there is also a waste dumgiten Exposed storage piles facilitate
the easy entrainment of dust particles during wiegisodes and can be a significant

contributor to elevated PMllevels.

Table 2.5 details the source characteristics ofstbeage piles and waste dump on-site,
Table 2.6 outlines the

particle size distribution of the material storddeach site. The combined particulate

which were included in the assessment of partieuiatpacts.

emissions estimated using the US-EPA emission Fag¢tee below) from these piles
were 785 tonnes per annum for total suspendedpkaties and 121 tonnes per annum for

inhalable particulates respectively.

TABLE 2.5: PARAMETERS PERTAINING TO THE STORAGE HHS AND WASTE DUMP
(Watson and Landman, 2007)

Source Volume Height Area Moisture Clay CE (%) Bulk
content density
(m3) (m (m?) (%) (%) (kg/m?3)
Coal 438,619 5 146,206 3.2 0.62 0 770%™
Fines 145,824 5 48,608 3.2 0.62 0 770"
Coke 133,725 5 44,575 3.2 0.62 0 770"
Sinter 62,853 15 12,571 4.3 5.16 0 1,630
mix beds
Waste | ¢ 269,132 40 1,483,702 4 16 0 1,630
dump

Notes: Information supplied by Mittal Steel personnel; CE = control efficiency.

(1) Typical values taken from literature for Coal and Coke piled (Perry, 1997, cited

from Watson and Landman, 2007)
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TABLE 2.6: PARTICLE SIZE DISTRIBUTIONS OF FUGITIVBUST MATERIAL
(Watson and Landman, 2007)

Cumulative Particle Size Fractions (%)
Source
300um 75um 45um 30um 10pm 4m 2.5um 1pum
Coal/Fines/
Coke - 100 - - 36 - -
Sinter
Mixing 100 30.57 26.49 23.4 15.34 9.96 7.19 3.68
Beds
Wast'e 100 36.87 28.35 22.33 11.66 6.02 3.49 1.01
Material

() No source specific information was available therefore use was made of information from
similar operations.

2.6.2.4 Dust from Vehicle entrainment

The perimeter of the industrial footprint is ab&@@km; hence the plant does have a
substantial number of paved and unpaved roads avitblatively high traffic volume
especially during daylight hours. Moving vehicles road surfaces create turbulence

which lifts and entrains particulates that havéeon their surfaces.

Table 2.7 outlines the source characteristics redufor the calculation of vehicle
entrained dust from the unpaved road surfaces tigatsd as required by the USEPA
emission factor for unpaved roads. Table 2.8 ¢ostthe parameters required for the

calculation of vehicle entrainment on paved roatbses.

The total suspended particulate loads and inhaladculate fraction estimated on the
paved roads was established as 10.1 tonnes pemaand 1.9 tonnes per annum
respectively. Similarly emission rates of 15.1res per annum and 4.6 tonnes per
annum were estimated for the TSP and;fPWactions on the unpaved road networks

respectively. (Watson and Landman, 2007)
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TABLE 2.7: PARAMETERS USED TO CALCULATE EMISSIONS FROM VEHICLE ENTRAINED DUST
ON UNPAVED ROADS (Watson and Landman, 2007)

Silt
Weight | of road road Speed VKT/day
(ton) (m) (m) | (km/hr) | (%)™

Type of

Road Vehicles

Road
around 2 trucks

EAF slag 120 845 10 30 9.41 6.27
handling 4slag
area carriers

Road to
coal
storage
area

Trucks 32 55 10 30 10.87 39.35

Road to
fines
storage
area

Trucks 32 115 10 30 10.87 7.49

Road to
sinter
mixing
beds

Trucks 32 2010 10 30 10.87 5.24

Road
from
paved
road to
Steelserve
plant 85

6 trucks
120 1020 10 30 23.8 12.24

2 FELs

Road
from rail
tippler to
current
waste
dump

Road
from
paved 4 Trucks 32 2010 10 30 10.87 5.24
road to
FIDA area

Road to
BF slag
crushing Trucks 60 3100 10 30 10.87 67.98
and

storage

Trucks 32 770 10 30 10.87 256.41

Notes: VKT/day is vehicle kilometres travelled per day for all the trucks on the roads

(1) Derived from particle size analysis for paved road sample (<75um).



TABLE 2.8: PARAMETERS USED TO CALCULATE EMISSIONSROM VEHICLE
ENTRAINED DUST ON PAVED ROADS AT THE SITE
(Watson and Landman, 2007)

Length Ave Width siit | Average | yyqy
Road Truck Vehicle
Type (m) Speed (m) (%) Weight day
(km/hr) (ton)
Road
from Coal 32 165
trucks
Plant to 230 30 10 7.03
coke Coal
storage fines 32 15
area trucks
3slag
ESM trucks to 1475 30 10 54.17 120 9
road furnace
(south of 6 slag
plant) trucks to 1075 30 10 54.17 120 13
Plant 85

Notes: VKT/day is vehicle kilometres travelled per day for all the trucks on the roads

(1) Derived from particle size analysis for paved road sample (<75um).

2.6.3 Emission factors used for the calculation of Fugitives from USEPA

An emission factor can be defined as a represeatailue that attempts to relate the
guantity of a pollutant released to the atmosphlatk an activity associated with the
release of that pollutant. These factors are ugeddtimating emissions when measured
data does not reflect the variability of actual gsions over time. In most cases, these
factors are mere averages of all acceptable alaitidia, and are generally assumed to
be representative of long term averages for allifi@s in the source category (USEPA,
1995)

2.6.3.1 Wind erosion of storage piles

The emission factor for wind-generated particukt@ssions from mixtures of erodible
and non-erodible surface material subject to distnce may be expressed in units of
grams per square meter (g/m3) per year as foll@esvherd, Cet al1974):

N
(i)EmissionFator =K>_ p,

i=1
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Where
K = particle size multiplier
N = number of disturbances per year

P, = erosion potential corresponding to the obsefeegrobable) fastest mile of

wind for the ith period between disturbances, g/m?

The patrticle size multiplier (k) varies with aerodynic particle size, as follows:

Aerodynamic Particle Size Multiplier

30pm <15pm <10pm <2.5pm

1.0 0.6 0.5 0.2

The erosion potential function of a dry, exposedae is: (Muleski, 1985):
(ii)P =58u* -u,)? + 25u* -u,*)
P =0 for ux< u*
Where
u* = friction velocity (m/s)

w* = threshold friction velocity (m/s)

The value of the threshold friction velocity is 2.0 The following formula was used to calculate

u, where u’, v" and w “are measured. (Jacobson, M3J9)

u. =[(wu)2+(wv)2]4 = (Jr,]/ipa)2
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2.6.3.2 Vehicle entrainment on unpaved roads

The following empirical expression is used to eatenthe quantity in kilograms (kg) of
size-specific particulate emissions from an unpaweedl, per vehicle kilometer travelled
(VKT) (Cowherd, et al, 1974):

o34

Where

k, a and b are constants given below:

Constant PM-10 TSP

K 1.5 4.9

A 0.9 0.7

B 0.45 0.45
and

E = size-specific emission factor (Ib/VMT)
S = surface material silt content (%)
W = mean vehicle weight (tons)

The following range of source conditions were ubgdthe USEPA in developing the

equation above:

Surface Mean Mean Surface
silt Vehicle Vehicle Mean No. ]
Content Weight Speed of Wheels | Moisture
(%) (Mg) (km/hr) Content
1.8 - 25.2 1.8 - 260 8 - 69 4 -17 0.03-13
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2.6.3.3 Vehicle entrainment on paved roads

The following equation was used to calculate thession factor for paved roads

(Dunbar, 1976)
065 15
(iv)E = k(ij [Wj e
12) |3

Where:
E = particulate emission factor (having units matgtime units of k),
k = particle size multiplier for particle size ranged units of interest,
sL=road surface silt loading (grams per square mé&yam?2),
W= average weight (tons) of the vehicles travelting road, and

C = emission factor for 1980's vehicle fleet exhabsike wear and tire weatr.

Constant PM;, TSP

k (g/VKT) 4.6 24

C 0.1317 0.1317
2.6.3.4 Material transfer

Either adding material to a storage pile or remgvitnusually involves dropping the
material onto a receiving surface. Truck dumpinglanpile or loading out from the pile
to a truck with a front-end loader are examplebaith drop operations. Adding material

to the pile by a conveyor stacker is an example adntinuous drop operation.

The quantity of particulate emissions generateceitiyer type of drop operation, per
kilogram (kg) (ton) of material transferred may bstimated using the following

empirical expression (Cowherd et al, 1974):
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Where
E = emission factor
k = particle size multiplier (dimensionless)
U = mean wind speed, meters per second (m/s)
M = material moisture content (%)

The particle size multiplier in the equation, kriga with aerodynamic particle size range, as

follows:

Aerodynamic Particle Size Multiplier (k)

PM;o TSP

0.35 0.74

2.7 AERMOD Dispersion Model

2.7.1 Model overview

AERMOD, the dispersion model of choice for thisdstuis a ‘near-field’ steady-state
Gaussian model designed for short range (< 50kspedsion of air pollutant emissions
from stationary industrial sources. This model wegarded as being the most suitable;
especially given the relatively flat terrain of thedeling area. (Vannucet.al, 2008).
This USEPA approved model was developed in 1998, falty replaced the ISC Short

Term Model version 3 in December 2006.

In AERMOD, rather than look at turbulence and disymn coefficients as a discrete set

of stability classes, boundary-layer similarity ahe is used to define these as a
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continuum providing better predictability. Thisalls the model to vary turbulence with
height providing a better dispersion scenario froiffierent release heights. Also, the
dispersion coefficients for unstable conditions aom-Gaussian, to represent the high
concentrations that can be observed close to & stader convective conditions (New
Zealand Ministry for the Environment, 2004; USERAD4).

The AERMOD modeling system used in this work was with a commercial interface,
ISC-AERMOD View (Version 7.1.0) (Lakes Environment&oftware, Waterloo,
Ontario, Canada). The data flow through the AERM@DBdel is depicted in figure 2.3
below. AERMOD requires the pre-processing of d&ta. this, two pre-processors have
been inputted into the model viz. the meteoroldgd=ta pre processor referred to as
AERMET and the terrain pre processor, referred S0AERMAP. AERMET makes
meteorological data compatible for characterizimg planetary boundary layer (PBL). It
makes use of both surface meteorological data dsaweipper air data which is then
used to calculate the atmospheric parameters ndggelde dispersion model, such as
atmospheric turbulence characteristics, mixing isigfriction velocity, Monin-Obukhov
length and surface heat flux. (USEPA, 2004). Tregdimmatic representation of the
physical model on which AERMOD is based is depicteBigure 2.10.
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Figure 2.8: Flow of data processing in AERMOD (USER, 2004)

AERMAP shows the relationship betwen terrain fesduand the behaviour of air
pollution plumes. It generates location and heidgita for each receptor location and
provides information that allows the dispersion elotb simulate the effects of air
flowing over hills or splitting to flow around hdl(USEPA, 2004).

47



Plume
centerline
Pollutant )
concentration ——|_-&
profiles

Actual stack height
Effective = :
pollutant release height
Hz + Ah

plume rise

Hs
He

[_:'::

Figure 2.9: Diagrammatic representation of the phyigal model on which AERMOD is
based (Vannucciet.al., 2008

2.7.2 Model input data

2.7.21 Modelling domain and grid resolution

Total modelling domain coverage of 20km by 20kmthwa grid resolution ¢
1km was used in the simulations. The exercise wasteempt to determir
impacts at receptors at close proximity to the &ine. Sesitive receptors
located around the fenceline of the plant was ifledf especially the residenti
areas that border the plant. Uniform Cartesian graptor type was selected

AERMOD to specify receptor location for this modeling exse

2.7.2.2 Geophysical data

The Highveld region is highly characterized by katreely flat terrain. There ar
no major topographical features located in or tlearvicinity of the plant, henc
a flat terrain option was used and no additionatate or landuse ata was

inputted into the mode

2.7.2.3 Meteorology

Having realistic planetary boundary layer simikarprofiles and ensuring that t

dispersive capacity of the atmosphere is propdrbracterized is crucial for dispersi
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2.8

modeling. A crucial discovery was made by Mr Rédéarger during supervision of a
post graduate student where it was discovered AlERMET, the meteorology pre-
processor of AERMOD was hard coded to calculatentaty layer parameters using the
western hemisphere sounding just before sunridee AERMET code was corrected to
convert the sounding times to local time and thaok Ifor the morning sounding. This
improved the accuracy of calculating the mixingghéi The corrected convective
planetary boundary layer (CPBL) similarity profilegere found to be more
realistic and representative of typical daytime epeblogical conditions and
enabled adequate characterization of the dispersapacity of the atmosphere
( Buthelezi, 2009)This upper air data that was used for the Buthedemly was also

used in this study

Surface and profile meteorological data was prakssing Mesoscale Model 5
(MM5) due to the lack of upper air data for theiomg This data was found in a
previous study to depict meteorological conditidimst was similar to what was

recorded at a local ambient station (Buthelezi 2009

2.7.3 The calculation of emission rates for the fugitive dust sources

Emission rates for fugitive dust sources were gaedrbased on the United States
AP42. (Chapter 13.2.5 Industrial Wind Sources). tHometeorological data was
used to calculate an hourly emission rate for imllial sources based on wind
speed, particle size and density. The hourly eomssalues calculated were then
averaged out to a single annual average emissienwaich was entered into the

AERMOD dispersion model, as the emission rateterdource.

The modeling Scenarios

2.8.1 Baseline 2010

Point sources were grouped together and scenamidshiour and 24 hour periods were

modeled. The same was done for fugitive sourcestl\,all the sources were combined
together to give the P concentrations for 2010 for both 1 hour and 24ripasiods.
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2.8.2 Modeling the interventions

The expected reduction for each intervention wasnasted. This was then subtracted

from the 2010 baseline emission rate. This is eapdriurther below:

Intervention 1: The stoppage of dosing at the Sipkent with spent liquor was already in
operation by 2010. The emission reductions achidwedhis intervention is therefore

already incorporated into the 2010 baseline.

Intervention 2: Reducing the roof emissions frorasbifurnace D. The improvement of
the effectiveness of the primary extraction sysiemxpected to reduce the fugitive dust
emissions by 300tpa, converted to g/s is 9.5g/s. Athlding fugitives from blast furnace
D is reflected in Source ID BE in the model, whitdd a baseline reading for 2010 of
13.8g/s. The difference of 4.3 g/s was inputted tfeg intervention scenario for this

specific intervention.

Intervention 3:Dust suppression at the waste d@ipeite. This intervention was also
completed by 2010 and hence the reduced emissierssincluded in the 2010 baseline.

Intervention 4: The installation of a secondary tdestraction system with its own

bagfilter was expected to capture roof emissioppraimately 500 tpa. Converted to
g/s, this equates to 15.8g/s. The roof emissioitiieg from the Electric Arc Furnace is
reflected in source ID BG in the model, which hall0d0 baseline reading of 15.8g/s.

This source therefore reflected an emission ratefof the intervention scenario.

Intervention 5: The rebuilding of the Direct Redant Electrostatic Precipitator is
expected to reduce the fugitive emissions from $eparation plant by 50tpa. This
translates to 1.6g/s. The fugitive emissions frown Direct Reduction separation plant is
reflected in the source ID DRSEPESP in the modélickv had a 2010 baseline of
3.21g/s. The difference of 1.61g/s was inputtedtia intervention.

The medium term intervention of replacing the abtes batteries with two new batteries
will not occur due to economic constraints. Thisrerio was therefore not modeled.
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A new intervention that was not included in the VA& action plan was the installation
of the baghouse at the sinter. The sinter plantidetified as a significant point source
emitter of PM,, which became a priority project after the emissieduction plan, was
submitted to the authorities. In terms of the EtAdy conducted for this installation, it
was estimated that this installation would redut& Pemissions by 87%. With a pre
installation measurement of 2117tpa, an 87% redmatiould be 1842tpa. This means
that the emissions would be reduced to 275tpa wangelates to 8.7g/s. The source ID for
the main sinter stack in the model is SPSTND12. diméssion rate for this source was

dropped from 20.1g/s to 8.7g/s.

The modeling scenarios for the interventions weémglar to the baseline. Point sources
were modeled separately from the fugitives for bbtiour and 24 hour periods and then

all interventions were modeled together for botiolir and 24 hour periods.

The modeling scenarios are presented in the naxyteh

kkkkkkkkkhkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkk

Chapter two provided an outline of air quality ntoning

at the plant. It clarified how data for input infee model
was derived, as well as provided an overview of
AERMOD. It provided a detailed description of howint
and fugitive source PN data was derived. The
meteorological conditions in the study area werso al
discussed. Dispersion modeling results will be wksed in

chapter three.
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CHAPTER THREE: RESULTS AND DISCUSSION

Chapter three outlines the AERMOD
modelling results for both stack and
fugitive emissions from Vanderbijlpark
Works. Ambient data is used to verify
modelling results and shortcomings of the

modeling exercise is discussed

3.1 Modelling results

In order to assess the impact on air quality in amind the Vanderbijlpark Steel Plant,
one-hour, and 24-hour Pllconcentrations are presented in the form of canaton
contours. Both the one hour and 24 hour conceatratwill be compared with the one
hour and 24 hour ambient data for that period, @ndompare this with the national
ambient air quality standards. The actual;pPMeasurements for 2010 were obtained
from the four ambient stations located around tlamtp This was compared with the

dispersion scenario presented by the model.

Two scenarios are presented. The first is showmegdispersion at the 2010 baseline
level for both one hour and 24 hours, and the sfsoenario is showing the dispersion
for both one hour and 24 hours after most of theruentions as outlined in the VTAPA
air quality management plan have been implemerdeg. to financial constraints, the
medium term intervention of replacing the old cdiadteries with new ones will not be
going ahead and so the expected reductions frosniritervention has been excluded in
the intervention scenario. The intervention scenaritherefore presented as a composite
and since some have not been implemented as \este twill still remain as future

projected reductions.

Contour plotlines reflecting hourly and daily awgiregy periods contain the modeled

ground level concentrations for that averagingqekrover the entire period for which
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simulations were undertaken. It is therefore pdesihat even though a high daily
concentration is predicted to occur at certaintioos, that this may only be true for one
day during the entire period. The ambient ;pgtandard for Vaal Triangle was set at
75ug/n? for the 24 hour average and 40uf/for the annual average. The modeled

concentrations will be compared against these ataisd
3.1.1 2010 Baseline modelled concentrations of PMj,

3.1.1.1 Modelled concentrations for one hour for @nt, area and volume sources

The one hour average is showing high concentra@sndepicted in Figure 3.1. On the
far north eastern boundary of the plant the one laverage varies from 582ug/Nio
37ug/Nnt As expected the highest concentrations are withénboundary fence of the
Vanderbijlpark plant. The average for RMor 2010 as recorded by the ambient station
referred to as 620 is 43.88ug/Rinwith the highest one hour average reading forytae
recorded at 472 ug/Ntand the lowest at 6.41 ug/NnThe 620 station is located close to
the southern fenceline and the model is showingaaing of between 1128ug/Nmand
582ug/Nni along this fenceline. The discrepancy between theorded P
measurements and the modelled concentrationgitsusi¢tble to fixed emission rates that
were used for the variable emissions. A more atewray of estimating these emissions
will provide a better scenario. There are no onerlamncentration limits for the Vaal
Triangle Priority Area, but high concentrations wcacross the western and southern
boundaries of the plant. For now there are no seaseceptors to the west of the plant.
However, the residential suburb of Bophelong todbeth and the suburb of Boipatong

to the south east could be impacted by these pgeeditgh concentrations.
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Figure 3.1: 2010 Baseline modelled concentrationsrfone hour for point, area and volume

sources

3.1.1.2 Modelled concentrations for 24 hour averag®r point, area and volume sources

A similar pattern of high concentrations along thestern fenceline and across the
southern boundary is illustrated in Figure 3.2.e 4 hour average as recorded at the
620 station is 73.12ug/Ninwith the highest recorded reading for the yeainde
178.37ug/Nm and the lowest being 19.78ug/RinThe 24 hour average concentration
limit for the Vaal Triangle Priority Area is 75 Wg°. In terms of the model predictions,
high concentrations are predicted along the westeh southern fenceline. The high
concentrations of 143 ug/Nmalong the south western fenceline do pose a problde
suburbs of Bophelong and Boipatong will be impachgdthe higher concentrations
averaging at 143ug/Niit should be however noted that these higher eainations are
due to the use of fixed emission rates for eachalbbr source which has consequently

resulted in the overestimation of fugitive R\Moncentrations.
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Figure 3.2: Baseline modelled concentrations for 24ours for point area and volume

sources

3.1.1.3 Modelled concentrations for one hour averagfor point sources

The point sources alone, as illustrated by FiguBe @resents a more favourable picture,
suggesting perhaps that the point sources may edh® problem on the plant. The
highest concentrations, as illustrated by Figuf® 8utside the fenceline are shown at
70ug/Nn? which is relatively low although there are no lisnstipulated for one hour
averages. The measured average for one hour comiems is 43.88ug/Nfn What
probably assists in tempering the concentratiotisedact that point sources are released
at an average height of 70m which assists greatiige dispersion of pollutants at height

before impacting on ground level concentrations.
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Figure 3.3: Baseline modelled concentrations for piat sources for one hour

3.1.1.4 Modelled concentrations for 24 hour averag®r point sources

The 24 hour average for the point sources is degiby Figure 3.4 which is once again
demonstrating that point sources may not be tha maitters of P\, at Vanderbijlpark
Steel as the highest concentrations outside theeliee is only 13ug/Nrh This is very
low when compared to the 24 hour average of 75ugtNat is stipulated in the VTAPA
AQMP or with the measured 24 hour ambient averdg&d 2ug/Nmi. This also further
demonstrates that it is the fugitive dust sourdest tare responsible for the high

concentrations.
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Figure 3.4: Baseline modelled concentrations for ot sources — 24 hours

3.1.1.5 Modelled concentrations for one hour averagfor fugitive emissions

The modelled concentrations for fugitives presentotally different scenario when
compared to the point sources, as illustrated yrei 3.5. The one hour average fugitive
emissions scenario indicates that fgbncentrations as high as 1122ugf\mevails to
the south, while concentrations as high as 220Rmgexist along the western fenceline.
Once again, given that the measured average, wihdgs include the fugitives, is
recorded as 43.88ug/Nnwith the highest at 472 ug/Nirthis would suggest that the use
of fixed emission rates for the variable emissi@sesulting in the overestimation of
fugitive concentrations. It is clear from theseuttsthat the challenge for Rlays to
the south and west. As there are no sensitivetexseat close proximity to the western
boundary, focus should be concentrated on decigdsenPMy levels over the southern

side of the plant.

The high concentrations in the south will definjtghpact on the two suburbs of Bophelong and
Boipotong as identified previously. This scenadg@onfirming that it is the fugitive dust sources
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on the plant that is contributing most to the exesees and hence should be targeted for action
in any PM, reduction program. Although it is acknowledged ttiet model is overpredicting, it

is expected that the fugitive dust levels will imyacase be relatively high given the comparison
with already measured PMevels from the ambient stations located aroueddtant.
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Figure 3.5: Baseline modelled concentrations for fyitive emissions one hour

3.1.1.6 Modelled concentrations for 24 hour averag®er fugitive emissions

The 24 hour fugitive concentration contours depidig Figure 3.6 once again indicates
that the problems of exceedences exist to the swaitth concentrations as high as
142ug/Nni. This is almost double the 24 hour average lohif5ug/Nni. The scenario

painted seems to indicate that it is the suburtBaghelong and Boipotong which may

be impacted by these exceedences.
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Figure 3.6: Baseline modelled concentrations for fyitives — 24hours

3.1.2 PM;io modelled concentrations after implementation of Reduction Strategy.

ArcelorMittal South Africa Vanderbijlpark Works haweveloped and reviewed over the
years an Emissions Reduction Strategy in prepardto environmental compliance.

This strategy is detailed in a document entitlezl Bmissions Reduction Strategy which
was compiled by K Zantow, environmental manageyatderbijlpark Works in 2010.

In the process of compiling this strategy, an eimrsgventory was developed and peer
reviewed. The tonnages that were expected to baceeldby each intervention were
calculated with the use of the newly developed mes/ which, is updated annually. The
emission rates were changed to take into accoumtrélduced emissions after the
interventions were implemented. The expected réolstin tons per annum were also
included with each intervention (Zantow 2010). 3devere converted to grams per
second and then deducted from the emission rate ftat source as per the 2010

baseline. In terms of the VTAPA the following retlon interventions were identified:
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a)

b)

d)

From a PMo point of view, the production of sinter is one tife chief
contributors to these emissions. Prior to 2006nspickling liquor (iron chloride
and hydrogen chloride mixture) was used to redheddvels of Potassium in the
sinter product. This activity resulted in very hightassium chloride emissions
which are released as particulates. A decision taksn to stop dosing from
February 2006. This activity was expected to redR@iho emissions by 5 107 tpa
(Zantow, 2010). Since this activity was implementied 2006 already, this
reduction would have been accounted for in the 2Ba€eline scenario. This
action was included in this discussion becauseatpart of the actions required in
terms of the VTAPA action plan. It must be notedatthdiscussions and
commitments were made to the action plan many yeefee it was gazetted, so
we have a few actions in the plan that were coragley 2010.

Fugitive emissions were early recognized as thgdsigcontributors to the Pl
emissions with the blast furnace being identified aa significant contributor.
Significant quantities of PA escape via the roof during tapping of the blast
furnace. A dust extraction system aimed at cumngiroof emissions from the
blast furnace D was identified as an interventiims intervention is expected to
reduce emissions by 300tpa (Zantow 2010). Sourctibhis volume source in
the model was BE which had an emission rate of i8.2010. 300tpa converted

to 9.5g/s which were deducted giving an emissiom 0d4.3g/s.

The waste disposal site was also regarded as dicagih contributor to P,

where, apart from the movement of heavy trucks,t dlisposed there from
baghouses etc., were easily entrained back intoathmsphere during windy
episodes. Dust suppression at the waste disptsas Eixpected to reduce fugitive
emissions by 70tpa (Zantow 2010). This action alas completed before 2010
but is included in the VTAPA action plan so the ueeld emissions would be

accounted for in the 2010 baseline scenario.

The Electric Arc Furnace (EAF) uses scrap metahpst to make hot metal. In
the process a lot of dust is emitted which canmotliacted. The installation of a

dust extraction system at the Electric Arc Furndaes been calculated as
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expecting to reduce emissions by 500tpa (ZantowPR0The source ID for this
volume source was BG which had an emission ratebdg/s. (2010 inventory).
500tpa converted to g/s also amounted to 15.8dis. @mission rate for this

source was reduced to 0.

e) The Direct Reduction Plant produces directly reducen (DRI) which is used as
an input material in the steel-making process. pioeess of making DRI results
in the generation of large volumes of dust whictrapped either in a baghouse or
in an electrostatic precipitator (ESP). The curr&sP is not functioning
optimally and part of the strategy includes theurkebof this ESP. The Direct
Reduction electrostatic precipitator rebuild is esxged to reduce emissions by
50tpa. The source ID for this source was DRSEPERPwhad a 2010 emission
rate of 3.21. 50tpa converted to g/s amounted@g/4.. So the reduced emission

rate is 1.61g/s.

An additional reduction was modelled which was iagntified as an intervention
strategy in the VTAPA. This is the installationtbk baghouse at the main sinter stack,
which according to the EIA conducted will reduce B®missions by 87%. The baseline
emissions were measured at 2117 tpa. An 87% reduetinounted to 1842 tpa which
leaves us with 275tpa converted to g/s is 8.7die. Source ID for the main sinter stack is
SPSTND12 which had a 2010 emission rate of 20.1gwin turn was reduced to 8.7g/s.

The modelled scenarios after intervention are degibelow.

3.1.2.1 Modelled concentrations after implementatio of improvements — all interventions

one hour average.

The scenario for one hour concentrations after @mibposed interventions are
implemented is illustrated in Figure 3.7. The owoa&rhconcentration levels are high still
showing exceedences as high as 1562ud/Along the western fenceline and as high as
542ug/Nni along the southern fenceline. The 2010 baselimeeedences along the
southern and western fenceline are 1128ud/nu 582ug/Nrh This suggests that for
the one hour averages, the interventions did ndtenmauch of an impact. However,

given that the average for the measured one hawrettrations is around 43.88ug/Rim
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with the highest being 472ug/Nmthe accuracy of the projections is brought into

guestion. It does seem that the model is overpiiadiéor reasons already discussed.
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Figure 3.7: Model scenarios after implementation ofmprovements — all interventions one

hour average

3.1.2.2 Modelled concentrations after implementatio of improvements — all interventions

24 hour average.

The 24 hour concentrations after all interventi@me implemented are illustrated in
Figure 3.8. The 2010 baseline scenario showed aeeeence over the south western
boundary as 143ug/Ninwhile the proposed interventions show that theeedences
actually increase to 145ug/Nnover the same boundary. This is attributablehi t
constant refining of the emission inventory whishupdated twice a year, and does not
necessarily mean that these intervention measueasoa effective. Before any decisions
can be made regarding the effectiveness of thewrustrategy or the implementation of
any other strategy, the calculation of the emissates for the fugitive emissions and

adapting it to the requirements of the updated iwer®f the Lakes Environmental
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AERMOD needs to be undertaken which will resultairmore realistic scenario being

presented.
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Figure 3.8: Model scenario after implementation ofimprovements — all interventions 24

hour average

3.1.2.3 Modelled concentrations after implementatio of improvements for point sources

only

As expected, the point sources, as illustratedgurés 3.9 and 3 10 for the one hour and
24 hour averages respectively, shows very low eamssoncentrations, similar to what
was depicted in the 2010 baseline. This suggeatstile point sources are not the major
challenge for PNp emissions at the Vanderbijlpark Steel plant. @ilibh it is
acknowledged that the use of fixed emission rateshie variable emissions has resulted
in overestimation of PM concentrations, it can still be deduced from thspetsion

modelling that point source dust emissions is hetdhallenge at the plant.
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Figure 3.9: Model scenario after implementation ofmprovements — point source one hour
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Figure 3.10: Model scenario after implementation ofmprovements — point source 24 hour
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3.1.2.4 Modelled concentrations after implementatio of improvements for fugitive sources

—one hour average

The one hour concentrations of fugitive emissiofteramplementing the interventions
are illustrated in Figure 3.11. The fugitives, evafter implementation of the
interventions, are showing exceedences. There ardimit values for one hour

concentrations, but exceedences could reach asakigh19ug/Nrh

7055000

7054000

3517976

7053000

3020038

UTM North [rm]

2522099

LUES FOR SOURCE GROUP: FUGITIVE

7051000

7050000

7052000
I B R S I A 0 O M

7045000

531000 582000 533000 584000 535000 586000 537000 583000 585000
UT East [m]

Figure 3.11: Model scenario after implementation ofmprovements — fugitives one hour

3.1.2.5 Modelled concentrations after implementatio of improvements for fugitive sources
—24 hour average

The 24 hour concentrations of fugitives after imnpdmtation of improvements are
illustrated by Figure 3.12. The modelled concerdraplotlines for the 24 averages show
that exceedences range from as high as 140ut/fémabout 71lug/th across the
modelling domain. The 24 hour average for the VARA® 75ug/Nni and while the limit

is still being exceeded along the southern boundary not excessively higher than the
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average. This scenario clearly demonstrates tieaexiceedences are mainly confined to
the southern boundary fenceline, and that it isvileme and area sources, that is, the

fugitive sources of dust which is responsible fozezdences from the plant area.
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Figure 3.12: Model scenario after implementation ofmprovements — fugitives 24 hour

3.1.3 Comparison of the modelled results with the measured ambient data

The spread of the 24 hour averages for the whol20@D as measured by the ambient
stations on the plant is illustrated by Figure 3.T3he measured data shows that ambient
PMyg could be as high as 200ug/Riespecially during winter months when the lack of

rain facilitates the easy entrainment of dust thevatmosphere.
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ArcelorMittal South Africa Vanderbijlpark Works
PM 10 Daily Average - 2010
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Figure 3.13: Graph showing measured 24 hour averagmncentrations for 2010 on sit

The modeled scenario after interventions shows the 24 average concentratior
especially along the southern and westemceline averageat 110ugNm?® (highest
concentration 145 ug/Nhand lowest 75ug/Nf. The measured 24 hour average for
south station was calculated with a data availgbof 64% from the recorded dai
average. The calculed average worked out as ug/Nnt. The dfference between th
modeledand measured average along the son fenceline worked out as 33um®.

This indicates that the model is overpredictingB8b96.

The overprediction is occurring in the fugitivesths point source modelirhas already
indicated very low concentrations (see Figure 3MMh ¢ maximum concentration ¢
21ug/Nnt along the southern boundary, whic far below the average of 77ugn’. On
the other hand, the modeled scenario for fugitiseshowing emaximum coicentration

of 141ug/Nni (see Figure 3.1zcomparedo a measured average of 77um’.
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The over prediction is thus occurring with the tivgis and could be due to the following

reasons:

0 The use of fixed emission rates:
Emission rates for fugitive dust sources were gatedrbased on the United
States AP42. (Chapter 13.2.5 Industrial Wind Sa)tceHourly
meteorological data was used to calculate an hoaryssion rate for
individual sources based on wind speed, partide and density. The hourly
emission values calculated were then averagedocaitsingle annual average
emission rate, which was entered into the AERMO$§péision model, as the
emission rate for the sourdgue to the conservative nature of this approach an
over-estimation in the model for fugitive sourcesdentified and noted. A more
comprehensive way of deriving the hourly emissiate rtherefore needs to be

developed.

Currently, with the update of the Lakes Environmaénversion of the
AERMOD dispersion model, the existing methodolodycalculating the
hourly emissions file which is referred to as tHie¥(hourly emission) file, is
no longer useable in its current format, as the wession has additional data
and parameters required for which information isan@ilable at present (Thé
et. al., 2011).

Each record of line of the HRY file must includes tfollowing parameters in

the order given below:

« SO HOUREMIS

e Year
 Month
 Day

e Hour

» Source ID
» Emission Rate (in grams per second)

For Area and Volume sources the following additloparameters are

required, which at this point have not been inctuoethe HRY file generator:

* Variable Release Height (m)
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* Initial Vertical Dimension of the Plume (m) — ar®aurces
* Initial Lateral Dimension (m) — Volume Sources
* Initial Vertical Dimension (m) — volume sources

0 The equation that is used to calculate the emigsitenfrom the wind speed is based
on the relationship between wind speed and erdhaltris not linear but an
exponential log which means that even a slightestémation of wind speed can

have an impact on the emission rates.

0 The possibility of errors in the source data fagifive sources is acknowledged as
the data was taken from a previous study withoyt mndifications. Fugitive dust
sources are difficult to measure and are extrematiable, but the model requires a
constant gas exit velocity from a fugitive souroel all particles have been assumed

to be in the size fraction of Plyor less than 10 micron in size.

Although the model has been found to be over ptiedidor reasons already explained,

the following positives can be taken form this eesh report:

» The PMyp impacts (exceedences) are largely confined to teasaacross the
southern fenceline, impacting mainly on the towpshiof Bophelong and
Boipotong.

» The modeling scenarios both before and after ttesviantions clearly points out
that the main source or challenge of 8Mmissions is fugitive and hence future
planned interventions should focus in this arelaaathan stack emissions.

Having stated all of the above, it must be notext the emission rates for fugitives still
needs to be more refined and it will be easy tibhate the modeling as there are on site
data available to do this.
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Chapter three described the AERMOD output of
predicted concentrations from the stack only, and
stack, area and volume sources combined. It also
modelled the area and volume sources alone.
Comparisons between modelled and monitored
concentrations were discussed. The summary and

conclusions are provided in chapter four.
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CHAPTER FOUR: SUMMARY AND CONCLUSIONS

This chapter concludes the main findings
of this study, indicating the reliability of
AERMOD to model PMp concentrations
from the Vanderbijlpark Works steel plant

The main objective of this study was to determime impact of an iron and steel plant,
the ArcelorMittal Vanderbijlpark Steel Works, inrgaular, on the ambient Pidlevels
beyond its fenceline through dispersion modellirgng specifically a steady-state
Gaussian atmospheric dispersion model called AERMOD

A second objective was also to assess the impattteoproposed reduction strategy as
detailed in the VTAPA AQMP on the ambient PM10 lsvé®Mo has been identified as
a significant pollutant in the VTAPA and The Vanigpark steel plant was identified as
a significant emitter of PM10. The ambient air gayalimit for PM;o for a 24 hour

average was set at 75ug/Rim

The Emission Reduction Strategy was submitted ta B007 to the Department of
Environmental Affairs and Tourism as part of thguieement for the implementation of
the VTAPA AQMP, and contained short and medium ténterventions. Some short
term interventions were already implemented by 28id hence these reductions became
part of the 2010 baseline.

AERMOD was chosen for the dispersion exercise kme#us widely accepted as a very

reliable tool for short distance modelling espdgifilbom industrial or stationary sources.

The sources of PM at Vanderbijlpark Steel stem from point sources &ugitive
emissions. Emission rates for the point sourceg wbtained from an updated (for 2010)
comprehensively compiled emissions inventory. Thugitive sources were more

challenging and this basically comprised of dustmrthe waste dumps and other
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stockpiles, fugitive dusts escaping through roafd ather orifices and dust from paved
and unpaved roads. An air quality impact assessmastundertaken in 2007 as part of
the EIA for the installation of an additional bagise on the blast furnace D stockhouse.
This study used the emission factors from the USBPA2 to compile an inventory for

the fugitives which were grouped into volume anebasources, including the paved and
unpaved roads. The same information was used &digpersion scenario presented in

this study.

Surface and profile meteorological data was praessing Mesoscale Model 5 (MM5).

Onsite meteorological data were gathered from thsit@ stations.

The Highveld region is typified by flat terrain aimdparticular, the study area has no
major topographical features located within the idmate vicinity. A flat terrain option

was used and no terrain or land use data was wsetbdhe lack of complex terrain.

The modeling scenarios were compared to the meh$ivi, data from the fence line
monitors and it was found that the model generallgr predicted concentrations along
and over the fence line. What also was quite distia was that the fugitive emissions

were shown to be the largest contributors to tgl bbncentrations along the fence line.

One hour and 24 hour concentration contours warstibited and compared to measured
data on site. The baseline scenario for 2010 shawedhigh fenceline concentrations of
143 ug/Nni when compared to the measured average (statierssar situated along the
fenceline) of 73.12ug/Nfn When the baseline scenario was split betweent mid
fugitive (volume and area) sources, it became enjddespite the overprediction, that
point sources are not responsible for high ambi¥t, levels. From the modeling
results, given the limitations already discussém point sources only accounted for

about 19% of the ambient concentrations.

It also became evident that the fugitive emissitasthe baseline 2010 were being
seriously overpredicted due to the large differelbetveen the measured average along
the fenceline (43.88ug/Ninhighest measured 472ug/Rnand the modeled fenceline
concentration of 1122ug/NinThis serious overprediction would also impact puest
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intervention scenario as well, as the same fug#ivessions inventory was used to model

all interventions.

As a result of the above it was not possible taveesiny credible dispersion conclusions
from the post intervention scenario as the modeadixeycise has shown that there was no
improvement in the ambient RM concentrations after intervention. What further
compounded the evaluation of the intervention messwas the fact that a few of the
intervention measures were already implementeddi) 2nd hence these improvements
actually became part of the baseline for 2010.Heunhore, the medium term strategy has
been abandoned due to economic reasons and thageetg@d reductions were also left
out. A proper evaluation of the intervention measwwill only be possible once the issue

of the variable emission rates as discussed orsg@@@eand 70 has been resolved.

The over prediction can be rectified by refining tmethod of determining the hourly
emission rates which was simply averaged over #a for all volume and area sources.
A more comprehensive way of deriving the hourly €sitn rate therefore needs to be
developed. Currently, with the update of the Lalasvironmental version of the
AERMOD dispersion model, the existing methodologly aalculating the hourly
emissions file which is referred to as the HRY (typemission) file, is no longer useable
in its current format, as the new version has &t data and parameters required for

which information is not available at present (Btéal., 2011).

Each record of line of the HRY file must includes tfollowing parameters in the order

given below:

+ SO HOUREMIS

e Year

*  Month
 Day

e Hour

* Source ID
» Emission Rate (in grams per second)

For Area and Volume sources the following additiqgmerameters are required, which at
this point have not been included in the HRY fiengrator:
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* Variable Release Height (m)

* Initial Vertical Dimension of the Plume (m) — ar®aurces

» Initial Lateral Dimension (m) — Volume Sources

* Initial Vertical Dimension (m) — volume sources
As soon as the HRY has been updated and adapéechdtieling scenarios need to be re-
run which should then present a more realisticmate which should correlate with the

measured ambient Pilevels.

The following positives can be taken away from teigdy. We can say with a high
degree of confidence that:

* Point sources is not a significant contributor te tPMo ambient levels at
Vanderbijlpark Works;

* The main area of impact is along the southern baxyndnd more specifically the
southern townships that lie on that boundary;

* The HRY files must be adapted for the updated warsof the Lakes
Environmental AERMOD for any meaningful dispersimodeling in the future
for this specific site, and,

* Reduction of fugitive Plyy should feature prominently in any future emission
reduction plan.
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