' PREFAC’E. i

Rule 3745 17~ 08 of the Oth Admlnlstratlve Code glves examples ?!:-_

of reasonably available control measures (RACM) which should be .-
- employed for various types of fugitive -dust sources. ‘The rule =

covers a large number ‘of diverse types of sources and of nece531£y,__ '

is written in general terms.

: The burden of” developlng an acceptable control:program, which.
will meet the reguirements of this rule-and result in the-use of:
reasonably available control’ technology (RACT) for one or more:
fugitive dust sources, "lies with the owner/operator of. the source(s)
The type of control measures which are presently used by. industry .
throughout the" natlon and which would constitute RACT for SpElelC

sources can, in general, be easily discerned by researchlng avallable;. _

environmental control publications and literature. .-

The'Offlce'of Air Pollution Control (OAPC) realizes: that. Ohio
industry will need assistance in developing acceptable control .
programs and that the Agency s field office personnel will need . .
assistance or guldance in reviewing those programs.. . This document
has been prepared to spec1f1eally address those needs._f- :

The OAPC would llke to emphas1ze that the deflnltlons of RACT )
in thls document for the various types of fugitive dust sources are
not "cast in concrete". Deviations from the general definitions ox
recommendations will be permitted based upon :source-specific con- ,
siderations; however, ‘as stated earlier, the burden will be upon ‘the
owner/operator of an affected facility to demonstrate that the ' '
proposed, overall control program constitutes RACT and meets the
requirements of rule 3745-17-08.
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1.0 INTRODUCTION -

In general, all thé eérly étate'lmplémentation Plans (SIP's)
required by thé federal Cléén Air Act (CAR) explicitly and
specifically addressed point source control and relied oﬁ point
source reduction measures as the means of attaining the National
Ambient Air Quality gtandards (NAAQS) for Total Suspended Par-
ticulate (TSP). control of fugitive dust emissions was only
cursorily addressed in these plans—~generally in +he form of a
modified *"nuisance” regulation, and was often patterned after
the form presented in the Federal Register.

Widespread failure +o attain the National Ambient Air
Quality g+andards for particulate matter in many urban areas has
resulted in reexamination of the nature of the urban particulate
problem. Basically, the particulate control strategy developed
as part of the original SIP'S included an analysis. of the con-
rribution of conventional point and aréa sourcés without much
consideration of other "less conventional” sources of particu-
late such as industrial process fugitive emissions, material

handling operations, atorage piles, unpaved roads and parking

lots, etc.



In light of the significant potential impact of fugitive
dust emiséions on the levels of suspended particulates in the
ambient air, the Ohio Environmehtal Protection Agency (OEPA) has
undertaken a program to prepare guidelines for selection of
reasonably available control measures (RACM) for majéf manu-

facturing categories. .



2.0 REASONABLY AVATILABLE CONTROL MEASURES (RACM)

The purpose of this report lS to prov1de agency personnel
with lnformatlon on industry categorles relat;ng to potential
fugitive dust problems,_and available means to alleviate the
problems. In accomplishing this purpose,_ﬁhe guideline pfesents
detailed data on 30 lndustry categormes. Thé information sup-
plied 1nc1udes a general process descrlptlon of the 1ndustry,_
1dent1f1catlon of fugltlve dust sources; a llstlng of avallable
fugltlve dust em1551on factors, avallable data on partlcle
characterlstlcs and potentlal adverse lmpacts, data on avallabie
contrql”technlques, their effeqtlveness, and costs; and selectlon: |
of RACM for each emission source. | B

The prdcess description_is a generai.gxplanatibn of.the
process operations in which each_potential_fugiti%e emigssion
source is identified. Available emission factors‘fér.ﬁhese
sources are listed along with a reliability ;ating fqr éach.
The reliability ratings are indicative of thé supportive data
used to deveiop the factor. The followin§ rating.system is
employed:

A - Excellent - Supportable by a large number of tests,
process data, and engineering analysis work.

B - Above average - Supportable by multiple tests, moderate
process data, and engineering analysis work.



C - Average - Supportable by multiple tests.

D ~ Below average - Supportable by limited test data and
engineering 3udgment.

E - Poor = Supportable by best englneerlng judgment
(visual observation,. emission tests for similar
sources, etc.).

Avaiiable'data'cn'compcsiticn, size range, and potential
environmental and/or health effects of the fugitive particles
are presented to prcvide insight into the potential impacts of
the.fugitive emiseions. | |

For each of the fcgitive dﬁst'eoufces identified ‘available
ccntrol measures are descrlbed. Data on the effectlveness and

costs are also lncluded. Costs 1n the document have been adw'

justed to reflect 1980 dollars as descrlbed in Appendlx A. LThe o

costs are presented as an order—of—magnltude gulde ‘and shOuld
not be consxdered as accurate for a SltE“SpelelC appllcatlon.
0f the avallable control technlques, one is selected that
exemplifies RACM. The selectlon is based upon technologlcal
feasxblllty, economic fea51b111ty, and cost-effectiveness. The
selectzon process was Judgmental, and it should be emphas;zed
that for retrcfit applicatiOns, control characteristxcs are
highly plant—specxflc and could dictate another control tech-
nique as RACM. Thls document prov1des guldellnes to selectlng
RACM for wvarious proceeses and is not meant to preclude consid-

eration of other control measures in slte—speC1flc analvses.
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2.1 GENERAL FUGITIVE DUST EMISSION SOURCES

The general fugitive dust category presents a description
of those dust sources which would be common to a number of
industries. These'sources”include fugitive dﬁét frdm”l) plant
roadways and parking areas, 2) aggrégate storage piles, 3)
material handliqg, and 4) mineral extraction. These four fuéitive
dust sources have been groupéﬁ together and treated‘as a separate
séction in order to avoid redundancy within the remainder of the
text.

The location or placement of a given fugitive dust source
will vary greatly within a specific industry. An example of
this variability is illustrated by a conveying operation. The
éonveyor may be located at a number of pqipts within the industrial
process: unloading of raw material, tiénsport from a storage.
facility, and movement éf.mate:ial within the industrial process
itself. Because of thé great variation in”§1a¢e@ent, it is not
'?ossible to devise a typical flow diagram fpr;theéé?sources.
However, to give the reader of this document a feel for the
possible order and location of each general fugitive dust source,
two hypothetical industrial settings are provided. Figure 2.1-1
presénts & hypothetical flow diagram for an unspecified industry
with fugitive dust sources from 1) plaht roadways and parking
areas, 2) aggregate storage piles, and 3) material handling
operations. ' Figure 2.1-2 presents another hypothetiqal flow
diagram depicting a mineral mining operation. The fugitive dust
sources illustrated in this figure are common to ﬁineréi extraction

operations.
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2.1.1 Plant Roadways and Parking Areas

2.1.1.1 Source Description--

The roadways and parking areas located on plant preperty can
pe significant sources of fugitive dust. The potential that a
given road or parking area surface has far'generating fugitive
dust is dependent upon traffic volume and the nature of its
surface. The surface can be catégorized as either paved (con-

crete or asphalt) or unpaved (gravel or dlrt)

Dust generated from jpaved surfaces]results from vehicle

act1v1ty that agltates the'”surface loadlng“ and causes that
1oad1ng to become alrborne. Surface loadlng is deflned as the
amount of foreign materlal present on a paved surface hav1ng the
potentlal +o become suspended. The amount of surface loading on
a paved surface is the comp051te result of. 1} deposition of mud
ana dirt carryout, 2) spillage or 1eakage from moving vehicles,
3):§avement surface wear, 4) runoff or erosion of adjacent land
areas, 8) atmospherlc fallout, 6) blologlcal debris, 7} wear from
tlres and brake lrnlngs, 8) exhaust emissions, 9} litter, and 10)
appllcatlon of ice control mater:.als.1

In contrast torggzei_s_xiases the source of dust generation

froﬂ[ﬁiﬁgféé}and untreated surfaces is largely from actual road
bed mater1a1 rather than any “surface loading”

~In both cases. paved and unpaved, the actual suspension of
fugitive dust is the result of vehicular trafflc on the surface.

Both road bed and surface 1oadlng material are mechanically



ngéggfgggg;gz%ghg;giggg and subsequently entrained in the
vambient air by the air turbulence created by the moving vehicle.
In addition to vehicle entrainment, a smaller amount of dust may
also be suspended as a result of wind disturbance of the surface
loading.

In some instances the unpaved road shoulders can be another
source of fugitive dust. This occurs when the roadway is narrow
and is ineffectively curbed. Vehicles traveling the rcad may at
timés'stray_from the-;paa.én:faqe Qnﬁouﬁhe-shoulders and cause
significant additioﬂal-aust.genérafién; : PR
2.1.1.2 fﬁgitive bust Emission Factors--

Emission factors for both paved and unpaved 'surfaces have
béeh'determinéd from field test”aata'on*public roadways, Ade~
guate data on the conﬁltlon of plant roads or parklng areas
serV1ng private property is not avallable. Lacklng spec1f1c data
for prlvatg_plantﬁroaés, the public ;Qaﬁway emission factors are
modified for use here. | H - R

- Emission factors for both paved and unpaved surfacés are.
directly related to the number of vehlcle mlles travelled (VMT)

The U.S. Envmronmental Protect;on Agency prov;des an average
emission factor for dust entralnment from paved roads as 5 6
g/mle1 This average em;sszon factor ;ncludes t;re wear and ex-
haust emissions (0.53 g/ml), and entrained fugltlve dust (5 07
g/mi}. Although this "average" value could be used, it would
probably not be representative of industrial and commercial

roadways as it is based on light duty, four-wheeled vehicles.

2~7



A more vehicle-specific emission factor can be determined
through modifications to the components of.tbe_“average“ emiesion
factor. | )

The method for calculating a specific emission factor for
vehicles”travelling paved surfaces is given in the following
equatioh:l

EF = P[(E) + 0.20 (T/4) + 5.07 (T/4)] Equation 1
~where:

. E¥ = emission factor, g/VMT,
P = fraction of partlculate which will remain suspended
(diameter less than 30 pm) from a paved road =

surface, 0.90 (Reference 1, p. 11.2.5~1),

E = particulate emigsion originating from vehicle
exhaust (see Table 2.1.1-1), _

- 0.20 tire wear in. g/VMT, . representing a fourmwheeled vehlcle,.

.5.07 = entrained dust in g/VMT, representing a four-wheeled
vehlcle, and S ' '

“ T = number of tires per vehlcle.

| The average and SPElelc vehicle emission factors for paved
esurfaces are glven 1n Teble 2.1.1-1. The exhaust emissions and
tire wear 1nc1uded in the EPA s average paved road emission”
factorl are representatlve of a fleet composed primarily of
_1lght-duty, four-wheeled gasollne vehicles. ‘However, because of
.the great varlety of vehlcles which transit plant property,
spec1f1c em1351on factors are presented for ten, twelve, and

'elghteennwheeled heavywduty gasollne and diesel vehicles.



40 403084 BYf 0670 40 ;opumb
"SIUBUOCWOD ISNP PAULBUUBBL PUR “UBIM BUL “JSNEUXD AYJ JO WNS Y S} JA0IDRY UOLSSIWS |BLjlul @yl

SA9PRO| “SU03ORUI-PIBAYM PUR SRINUG [ney BuLuLu £13°1 “Juawdinba pajaaym abue) mc*;wvmm:ouncm
1SNp pautedjusad pue Jeam a4i] ayy 03 pajidde aq os

*sanjea £3
10U BJR S403023 UOLSSLWD BUL[NSSU J4LBY3} puR SUOLIBNDA U03DBj UOLSSLWE 3SNP BA

L1
134

qeL|a4 paubLsse
bnjy | aouadaay 6

o . *1 9ouaualay
‘papuadsns upewad | |LM ydLym a3enoLgJed 4O Junowe 30yl 404 SIUNOIIR 05°(

3

‘@ Aq pat(dij|nu 40JdB) UOLSSIWA {BLYIUL 3YJ S| JOJOBY UOLSSLWD [BULS BYL 5

p
*S4320p 40

YM suun|on
L PLNOYS §°2 JO 403023 u0Ledfid{3 (N {euol}ippe

Uy "Sadi] J0 J43qunu 8y3 o3 ﬁmcowp;ogoxa amuuwxpv 9q 03 pajewllss S| JuaUOdWed 3SNP pauLeauIBL Y] 3

spaemdn pajsnfpe ag :mo_ucw BLOLYBA PBLIBYM-ANOS B 04 ks>\mp

‘S{9ayM Jo sdaqunyu abae| Y3 LM SI|OLYIA J4Oy
02°0 uodn paseq st jusuoduiod Jeam aaty ayj q

"9dA) a{diysA pue (anj 4oy opj109ds ade w;o*mmﬁsm Isneyxy

1
b 522 0°62 2822 06°0 oe°L _ Muw_mmzz-mpu
b v 5L L°Z1 12761 09°0 oEt  (paLasym-z1)
: . . . {8saip
Anp Aneay
_ ¥ _ - (pajaaym-py
b JARA Il 89°21 05°0 16°0 . Bujjose
L A3np Aaesy
(pasaym-y
b 0§ - 9'g L0 02°0 bE“D auLjose
. A3np-3ybL7
b 0°g Cgtg 107§ £5°0 jobeaany
A3LpLgqeriau 340308} 40308} ashp 4o gtBEM BUL) mhuv }sneyxy adA3 a{ojysp
403084 UHoLSSLWD HOLSSLUS ~PaU L BATUBRY 4
UoLSS LUy feuid: pletitur o
(1u/b)

SIVHUNS a3Avd

ONITI3AVYEL S3T01H3

A Y04 S¥0LIY4 NOISSIWI

-l

“1°¢ 38YL

2-9



Fugitive dust from unpaved surfaces can be determined using
the EPA's published procedure. This procedure is expressed in
the folloﬁing equatiorx:1

EF = (P) (0.81) (s) (8/30) ((365-w)/365) (T/4) Equation 2
-where:- _

EF = emission féctor, 1b/vMT,

P = fraction of particulate which will remain suspended
{diameter less than 30 um) from a gravel road bed,
0.62; from a dirt road bed, 0.32 (see Table 2.1. 1~2),

s = 51it content of road bed material, percent; 12 percent
approximate average value (values range between 5 and
15 percent},

S = average vehicle Spéed; mph,

.W = dayslﬁﬁth b 01 inch or more of precipitatidn,z'aﬁd

T = average number of tires per vehlcle.

'ﬁhen u51ng Egquation 2 for vehlcles with oversmzed tlres,.a3
multzpllcatlon factor of 2.5 should be included. This factor
will ‘account for the comparatlve difference in the width of tlre
faces between~average road vehicles and oversized tire vehicles.
This factor (2.5) éan be used to estimate entrained dust emis-—
sions from mosf.wheeled construction equipment, i.e. wheeled~
_tractors, loaders or: dozers, and mining haul trucks.3

‘Emission factors or em1531on factor equatlons have not been
_developed specmflcally for dust generation from road shoulders,
and such emlsszons have not received much attention in the llt*n

erature. If dust from thls source is considered a 51gn1flcant

_problem, 1t ;s suggested that the unpaved road emission factor be

2-10



used to estimate the emissions from a dirt or gravel shoulder in

lieu of a specific emission factor.

2.1.1.3 Characterization of Fugitive Dust Emissions--

The chemical or mineral composition of road dust depends
directly on the type of material 639051ted on the paved surface
or the type cf material used in the road bed of the unpaved
surface.

Size distribution--The particle size range for Ffugitive Qust

from plant roadways and parking lots depends uporn the type of
road surface. Table 2.1.1-2 gives the size distribution of

fugitive dust by surface type.

-’

TABLE 2.1.1~2. TYPICAL SIZE DISTRIBUTION OF FUGITIVE
DUST PARTICLES BY SURFACE TYPER

{percentages)
Size ) . Paved fu Unpaveg surfaces
range i surface ' gravei dirt
<5 um CB0 L ey 8
5-30 ym 40 | 39 2
>30 um 10 o 38 68

@ Reference 1, p. 11.2.1-4,

Density and compositionw—Tﬁé density and composition of
fugitive dust from paved and unpaved.surfaces will vary widely
depending upon the type of materiél uséd to construct the pave-
ment or road bed and the tYpe of maferial deposited on the

surface.



Health effects—-When considering possible effects on human

health, fﬁgiéive pérticuiates can be characterized as being
either toxic, pneumoconiosis producing, or of general nuisance.4

The toxic components of fugitive dust will vary depending
upon the type of material on the road surface and the vehicles
traveling that surf_aoe° Posgible_toxic components of surface
loading on roadways are lead, asbestos, and the combustion prod-
ucts of fuel (this excludes any toxic compounds specific to the
materjial being hauled which may have been spilled on the road
surface). 0Organic and inoxggnic lead contaminants originate from
the combustion of gasoline with lead-based anti-knock ingredi-
ents. The inhalation of lead compounds from automotive exhaust
is not considered to be a significant cause of acute lead poi-
sioning; howéver; prolonééd ékposoré.to automotive exhaust can
produce chronic lead p@isoning;[;'

The enviroﬁmental”impact of lead &etéimined directly from
auto exhausﬁ and from fééﬁtrained dust has beéh”eS£ablished.5'6.
Lead comprises only 0.5 percent of the road dust on heavily
traveled roads.6 Thus, the lgad component in reentrained dust
from plant surfaces can probably be con51dered as 1n51gn1f1cant
- due to a lower trafflc volume and the use of dlesel and other
fuels contalnlng lower 1ead content. | “

Ne;ther asbestos from brake llnlng wear nor combustlon
products from vehmcles have been a subject of spe01f1c epide-
micological studzes that would deflne their potential health~

effect role as a component of road dust. In the absence of
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spec;flc quaﬁtltatdve 1nforma+1on, thé.gresence of lead; aéﬁestos
and combustlon products 1n fugltlve dust arlslng from plant
roadways can not be addressed from a health effects standpo;nt
Pneumoconiosis is an ailment commonly associatnd with dust
inhalatioﬁ; therally translated pneumoconlosws ‘means "dust in
lungs "; however, a more functlonal and contempory deflnltlon |
staies that it is &the accumulaﬁioﬁ.of dust in the lungs and the
lﬁﬁg tissue réacfion teo its.présénée;“ In the case df fugitive
dust, the potentmal for pneumocon1051s exists only if.substénces
llke asbestos and silica are present in large enough concentra—
tlons. No documentatlcn exxsts on quantltatlve amounts of these
substances in road dust. | | o
The most vmable impact fugltlve road.dust has is in 1ts.y
rolé as a nuisance dust ‘The term nuisance applles to any.
partlculate produ01ng debllxty due to its physical presence in
the lungs. The effects of nuisance dust are usually reversible
and.cannot be considered asg being.toxic. They are ﬁdfé ?roperly
an irritant, espec1ally to 1nd1v1duals already possessing some

pulmonary azlment, i. e.,asthma OF em:physema.4

2.1.1.4 Control Methods—-

A number of control methods are available for minimizing.
fugitive dust generation from plant roadways and parking areas.
These control measures are pregented by roadway surface type
(paved or unpaved). Control measures available for paved sur-

faces are sweeping (broom and vacuum), flushing operations,

general housekeeping measures, and speed reduction programs. The
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control measures for unpaved surfaces include the application of

ghgmxcal stabxllzers (dust suppressants), road ciling, thgl al

zmorovements to the ropad surface (1ncludlnq Qavznq) and sneed

reductlon.

Techniques, efficiencies and costs for contrelling fugitive

dust from paved surfaces—--Sweeping and flushing paveé surfeces

are the primary‘dontiel measuree used for reducing fﬁgitive dust
from paved surfaces;“ Accumﬁlated.surface loading canlbe removed
.w1th sweeplng or flushing measures alone or in comblnatlon. Good
housekeeplng is a preventatlve measure used tc llmlt the en-
_901ng accumulatlon of partlculate matter on the surface. Sweep~
.1ng as a ccntrol measure is recommended with one note of caut;on*
The actual effectiveness of sweeping control measures has not
been cleaily established,aﬁd it.hes been sﬁggestea tha£ broom
sweepers may actﬁaliy produce and.suspend more fines £haﬁ they
remo§e° : _ L _ o _
However, estlmated control eFf1c1enc1es for broom sweepers
are repcrted as 70 percent when used on a blweekly schedule.7
The 1n1t1al cost of a brocm sweeper desmgned for mndustrlel
roadway use ranges from 5 Q00 éollars for a tra11er~type sweeper
to 15,600 dollars for a self-propelled unit: {(includes water spray
system)-.7 Annual operating costs have been estimated at 22,000
dollars per year;7 The estimated control efficiency for a vacuum
sweeper has been reported at 75 percent. The initial cost for a

vacuum sweeper is 27,000 dollars with annual operating expenses
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renning approximately 25,000 dollars per year.7 These figures
heve been adjusted to reflect costs in Jan uary 1880 dollars as
have all the costs presented in th 8 ahcument.

Flushing of paved surfaces w1th water reda es the.amount of
materlal ava11able for reentralnmene. Water flashing is conmll
sidered to be more effective than sweeping. However, flushing
peved surfaCes-adjacent to unpaved rcad shoulders may increase
mud tracking and carry-on. .This increased carry-on has the
petential.to be a significant source of fpgitiﬁe ﬁust“emissions.

A weekly weﬁer flushing operation is estimated ﬁo have an |
effectlve control efficiency of approxxmately 80 percent. The.
1n1t1al cost of a 3,000 gallon capacity flusher 1s_approx1ma£ely
13,000 dollars {excludes truck chassis) with an annual operatiﬁg
“cost estihaﬁed'to be 22,000 deollars per year.7
. Good housekeeplng practlces, although a control measure in
 1tself, should be used in conjunct;on with a more dlrect removal
 techn1que such as flushing. Housekeeping measures 1nc1ude 1)
trap;d removal of spillage® 2) co§ering of haul truck beds to
_pievent wind losses, and 3) cleaniné truck tires and under
cerriages to reduce carryout. No estimate of control efficien—
cies or costs are available.

A summary of these control eff;c1enC1es and costs are pre-
”sented in Table 2 1. l 3.

Technigues, efficiencies and costs for controlllng fugitive

dust from unpaved surfaces and road shoulders--The options avail-

able for controlling fugitive dust from unpaved plant surfaces
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{unpaved roads, road shoulders and parking lots) are chemical
stabilization through the use of dust suppressants, road oiling,
surface improvement and speed reduction.

The suppression of fugitive dust from unpaved surfaces can
pe achieved using a variety of chemical stabilizers. The chem-
icals used for this purpose are either wetting or binding agents
which are éiluted with water and sprayved over the unpaved sur-
face” Effective use of a chemical stabilizer can only be achieved
when it is used as part of a continual application program with
the frequency of application related toc the relative use of the
roadway. The control efficiency for this measure is estimated to
be between %0 and 985 percent.7 The initial costs are estimatéd
to be between 6,000 and 15,000 dollars per mile of roadway
(approximately 130 thousand. sguare feet).7. Annual_operating_
costs range between 5,000 and 12,000 dollars per mile of road-
---way.7 A summary of the types of chemicals used, their costs,
~and application rates is presented in Appendix B.

Cost estimates for ciling unpaved roadways and parking areas
were obtained from private contractors operating in Cincinnati,
Cleveland and Columbus.

“The initial cost estimate of a contract rcad oiling project
is based upon three factors: 1) the total amount of surface area
to be treated; 2) the configuration of the surface area; and 3}
the availability of waste oil. The first factor, surface area,
is obviously related to the cost of the task. The larger the

area to be treated, the more time and material required and, as
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a result, the higher the final cost. Contractcors in Ohio were
not willing to discount the cost of the project on a volume
basis. The second factor, configuration of the surface area.
means that an area with a large number of curves Or corners re-
quires excesgive stopping and starting of the application vehi-
cle. This action wastes oil and, és-a result} increases the
total cost of the project. The third factor, availability of
waste oil, determines the price the contractor must pay for the
raw materials. Despite the current oil problems, waste oil
prices have not increased to the same degree as other petroleum
products. The contréct cost estimates, determined for three
metropolitan areas in the State of Ohio, are given in Table
S 2.1.1-4. |

Road oiling contractors use two types of waste oil for .
application purposes: crankcase oil (oil from garages and serv-
jece stations) and industrial oil (waste oil from industrial proc-
esses). The crankcase oil is preferred over the industrial oil
because it contains fewer amounts of contaminants (chemicals and

water soluble substances) and, as a result, has a wider range of

' applicatiOn.9 The possiblepimpact on adiacent plant life and

landscaping is a factor to be considered when oiling unpaved

surfaces., An additional problem with road'oiling is that it can
éignificantly increase the amount of surface runcff. O0Oiling
large areas may require special precautions to handle the excess
volume of'water,3 The control efficiency for road oiling is-

estimated to be 75'percent.7 The initial (contract) cost of
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TABLE 2.7.1-4. CONTRACT COST ESTIMATES FOR OILING
D UNPAVED ROADWAYS

(1980 Dollars)

Metropolitan Dollars per Do?1ars per Gallons per.
area? galion 103 square ft. 103 square ft.
Cincinnati 0.21 $9.50 - 11.50 50
Cleveland 0.31 11.50 37
Columbus 0.28 13.50 18

& Cincinnati are?0 two responses. Cleveland and Columbus areas, one
response each.

b Variations in the cost per 10 square ft result from both the d1fferences
" in the cost of waste o1l and gach contractor's estimate of -the amount of

0i1 necessary to cover the 10

2-19
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oiling a one mile length of unpaved roadway -{approximately 130
thousand square feet) ranges between 1,200 and 1,800 dollars
depending on the contractor.7 Values as high as 2,500 dollars
have been reported.7

Another method of dust suppressxon for unpaved surfaces is
watering. Thls method although cften consmdered less expensive
than chemical treatment, in fact has many drawbacks and can be

more expensxve.- The most obvious drawbacks are 1) the need for a

' contmnuous appllcatlon program, 2) decreased efficiency durlng
dry weather condmtlons, 3) the 1ncreased potential to add mud
carry-on to nearby paved surfaces and 4) llmlted_appllcablllty
 during c¢old winter periods.. The astimated control efficienoy_for
this measure is approximately 50 percent.7 The initial costs for -
water;ng are 12,000 dellars (the cost of equlpment and truck)
w1th annual operatlng costs approxlmately 4, 000 dollars per mile
per year based upon 2 aopllcatlons per day.3’7 |
Surface improvements can a;so be used to control fugitive
dust from unpaved roads. These include 1) coverage with a low
silt aggregate, 2) oil and double chip surfacing and 3) paving.
Covering an unpaved road with aggregate assumes that the
aggregate material (limestone, river gravel, etc.) has a lower
silt content than the dirt roadbed, thus reducing the amount of
fines available for entrainment. The control efficiency for this

technique is very low, approximately 30 percent.7 Surface coat-

ing of this type requires continuous road maintenance to sustain
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the 30 percent level of effectiveness.7 Initial and annual
operating costs for this techniqgue are not available.

The second surface improvement method, oil and double chip
surfacing, achieves & higher degree of control than aggregate
and requires much less maintenance. The control efficiency for
this technigue is 80 percent, and the initial cost per mile
(130,000 ££2) is 11,000 dollars. The annual cost will depend on
how often the road will need to be resurfaced. Assuming a re-
surfacing fregquency of once every 2 to 4 years the costs will
range between 2,500 and 5,000 dollars per year.7

The third method for controlling fugitive dust from unpaved
surfaces is to pave the surface. The control efficiency for this
measure is the highest of the surface improvement techniques,
approximately 90 percent.7 The initial cost of paving cne mile
of unpaved surface with asphaltic concrete is between 34,000 and
61,000 dollars depending upon the type of road bed required. The
roadway will generally have to be resurfaced at 5 year intervals.7

speed reduction also can be used as a control measure for
reducing fugitive dust from unpaved surfaces. This method is
attractive in that the initial and operating costs may be very
low (no actual cost estimates are available). However, speed
reduction measures could reguire additional trucks and drivers to
maintain production 1evels.ll Also, the enforcement of speed re-
strictions is often very difficult to maintain.- The effective
control efficiencies for speed reduction increase as the speed is

reduced. Based on an assumed uncontrolled speed of 40 miles per
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hour, a speed restriction to 30 mph will result in a 25 percent
control efficiency; a 20 mph restriction, 65 percent; a 15 mph
restriction, 80 percent.l

A summary of the contreol efficiencies and costs for mini-
mizing dust from paved and unpaved roadways are presented in
Table 2.1.1-3. .

The tables do not contain figures for the cost-effective- .
ness of control due to the wvariability in types of wvehicles and
mileage of plant roads from plant to plant. Selection of Rea-
sonably Available Control Measures (RACM) is also hampered by -
the variability of the problem from plant to plant and industry
to industry. However, a selection can be made based on a typical
situation with the caveat that RACM can differ in unusual eco-
nomic or logistic situations. For paved roads, the recommended
control measure is the use of water flushing supplemented by a.
good-housekeeping program to minimize spills and carry-on of
dirt and mud. The program would consist of such measures as
covering trucks, prompt clean up of spills, elimination. of
carry-on by avoidance of unpaved areas where practicable, and
water washing of wheels where necessary.

For contrel of unpaved areas, the recommended control tech-
nigque is the use éf chemical stabilization or oiling, coupled
with speed reduction. Where the plant has large unpaved areas,
frequeﬁtly traveled, and to be used for many years, it may be
economically justifiable to pave the road (oil and double chip
or asphaltic concrete)... This must be justified on é-caseeby—_

case basis.
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Benefits of control measures--The control of fugitive dust

from plant roadways and parking areas does not provide an obvious
economic benefit. However, this control may indeed have a few
hidden behefits.whiéh may reéﬁlﬁ in cost savings to the industry.
The ériﬁary theﬁe underlying eaéh of the control measures de-
scribed in this section is to maintain a good surface upon which
iﬁdusﬁfy vehicles will.opérate, - Surface improveménts caﬁibe
expecteé:to'result in reducéd eguipment wear. Duét suppression
will increase drivei'visibility and may result in less doﬁn time
'dﬁe to équipment ciéaning and'maintenancé. In many casés_where a
facility is located near residential areas, the control of fugi-
tive dust from roadways and parking areas wili in¢r¢a$é_the

aesthetic appeal of the property.
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2.1.2 Aggregate Storage Piles

2.1.2.1 Source Description--

A storage pile is any mound of material (usually.minéral)
placed in a temporary outdoor location. The storage piles are
usualiy uncovered al;owihg the stored material to be exposed to
the elements. This characteristic lack of cover oi housing
around a storage pile is a result of the frequent necessity to
transfer material from the storage site to a process operation.

Dust emissions éan occur at several points in the storage
cycle of an aggregate: 1) during load-in (addition) of material
onto the pile, 2) during wind disturbance of the pile, 3} during
the movement of vehicles in the storage area, and 4) during load-

out {removal) of material from the pile.l

2.1.2.2 Fugitive Dust Emission Factors-—-

The fugitive dust generated from aggregate storage piles
ocecurs as a result of the four major emission~-producing activ-
ities given above. Their relative percent contributions vary
depending upon the type of material being stored and the exact
method of storage being used. The calculation of fugitive dust
emission factors from aggregate storage piles can be approached
in two fashions: 1) using a gross overall emission factor egua-
tion or 2) using a set of emission factor eguations specific for

each of the four operating activities.
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Gross Overall Emission Factor Egquation

Theugross estimate of fugitive dust emissions to be expected

frcm aggregate storage pi;es, hased upon .the nuhber of tons of

material élaced_in storage, can-be.detefmined using Equation l.l
EF = 0.33/(PE/100)> R Bquation 1%
where: - ” ” | '
EF = Emission fectcr,3lb/ton of material placed in storage,
and ' ’
i'h PE-¥ Thornthwalte.s prec;éltatlon—evapcratlon 1ndex

(Flgure 2 l.2-1). _

Equatlon l represents the fugltlve partlculate em;ss;ons with a
dlameter less than 30 um. This partlculate size was determ1ned2
to be the effectlve cutoff diameter for the capture of aggregate
dust by a standard high-volume filter based on'a partmculate
density*of'z.ﬁ to 2.5 g/cm3. The_emmss;onivalues_calculeted by
this equatioh'express;only_that.emount which is likely tc remain
suspended.icdefinitely.l No;deteils on ihe development of this
eguation or the estimated accuracy were available from the
reference. |

Equation 1 contains cne:cofrection petemeter, the PE index
or Thornthwaite's precipitetionvevaporation index, which accounts
for the changes of climate throughout the United States,3 The
PE index is an approximation of the average amount of surface
moisture characteristic to a particular area. The PE index
values for the gtate of Ohic and adjacent areas are given in
Figure 2.1.2~1.

Table 2.1.2-1 shows how the total emission factor in Egua-

+ion 1 can be divided into the individual contributions of the
227
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TABLE 2.1.2-1. PERCENT CONTRIBUTION OF AGGREGATE STORAGE
PILE ACTIVITIES TOWARD THE TOTAL FUGITIVE EMISSION RATEZ

o o S . o Approximate percent
Source activity contributiond
Loading of the material onto piles 12
Wind disturbance and erosion of stored h 33
material :
Loadout of the material from piles - 15
Vehicle movement o N 40
- Total . 100

@ the emission contributions of each source activity are based on field tests
of suspended dust emissions from crushed stope, sand and gravel sterace
‘piles. ‘A 3-month storage cycle was assumed. :
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four source activities. This distribution cf =missions by source
activity is representative of aggregate storage piles in general,
but may véry for any specific source or stored material.

specific Emission Factor Equations

Specific emission factor equations are available for each of
the four major’scurcés]of fugitive dust associated with the
storage cycle of aggregate _material,4 The equatiops are for
specific typessof quiﬁment:and storage material; thus, they
should be used with caution when applied to other situstions.
Emissions from the first stage in the storage éfélé, loading-of
material onto the pile, can be exemplified by meéﬁs éf a con-.
veyor/stacker {continuous load-in) or a front-end loader (batch

load-in)}. Emiséions from the second stage in the cycle, wind
disturbance of the pile, are exemplified by using a wind erosion
equation. _Emissions from the third stage are exemplified by
using an eguation for.éeﬁerﬁining vehiculaﬁ fréffic a&buﬁd the
storage piles. Emissions from the final stage, the load-out of
material from the pile, are exemplified by the transfer of ag-
gregate by a front-end loader from the pile to a truck.

The emissions from the operation of a conveyor/stacker
(continuous load-in) are determined using Equation 2.4 The base
enission rate is corrected by three variables, the silt content
of the material being stored, the moisture content of the mate-
rial being stored, and the mean wind speed occurring during the

operation.
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= 0.0018 (5/5) (U 3) Egquation 24

EF .
(continuous) (M/2)

where:

EF'= em1551on factor, lb/ton of material loaded onto the
pile by a continuous operation,

85 =.gilt content .0f the stored materlal in weight percent
(see Table 2.1.2-2),

M. = moisture content of the stored material in weight per-
cent (see Table 2.1.2-2), and

U.= mean wind speed, mph (see Table 2.1.2-3).

EﬁlSSLOns from the operation of a front-end loader (batch
load-in) are determined using Equatzon 3.4 The base emission
rate is corrected by four variables: the silt content, mean wind
speed, material moisture content and effective loader capacify.

(8/5) (u/3)
EF = (0.0018

Equation 34

where:

EF = emission factor, 1lb/ton of material loaded onto the
pile by a batch operation,

§ = silt content of the stored material, in weight percent
(see Table 2.1.2-2),

M = moisture content of the stored material, in weight per-
cent (see Table 2.1.2-2),

U = mean wind speed, mph (see Table 2.1.2-3), and

Y effective loader capacity, cubic yards.

The effective loader capacity is the working bucket capacity
of the front-end lcocader being used to add material to the storace

pile. The "mean wind speed" can be determined for a given study
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TABLE 2.1.2-2. REPRESENTATIVE SILT CONTENT, MOISTURE CONTENT AND THE
DURATION OF STORAGE PARAMETERS FOR SPECIFIC STORAGE MATERIALS%sS
- Silt Moisture
Material in content, content, Duration of
storage weight % weight % storage, days
Coal 4 6 107
Coke  } 1” 50
Iron ore n 1 43
Liﬁésﬁone _2. 2 76.
Sand N 10  _ o |
Sintef i.S - | 1 90
Slag 2 1 60
Top soil 40 |
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period (using actual field measurements) or estimated using
the data given in Tableu2.l.2~3,

The fugitive emiésiéns odcufring zs a result of wind blown
erosion of‘the'Stofage pile can be determined using equation 4.4
The base emigsion rate for wind erosion is adjusted by four cor-
rection parameters: the silt content of the storaéé material, |
the duration of storage, the number of dry days*, and the per-
centage of time that wind speeds exceed 12 mph.

EF

0.05 (S/1.5) (D/90) (d/235) (£/15) .~ Equation 4
where: |
EF = emission factor, lb/ton stored,

S = sgilt content of the stored material, weight percent
{see Table 2.1.2-2), ‘

D = duration of storage, days (Table 2.1.2-2),
d = dry days* per year (Figure 2.1.2-2), and

f = percentage of time wind speed exceeds 12 mph (References
€ and 7).

The percentage of time that the wind speed exceeds 12 mph is
mest appropriately obtained from actual on-site monitoring. How-
ever, should this type of data be unavailable, hourly wind speed
for each day (recorded at the nearest metropolitan airport) can
be obtained from the National Weather Service.7 |

Fugitive dust emissions ﬁccurring from vehicle traffic around
storage piles can be determined using the unpaved roadway emis-

sion egquation given in Section 2.1.1. However, a method of

* - -
Dry days are those days with <0.0l1 inches of precipltatlon.6
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TABLE 2.1.2-3. THIRTY-YEAR ANNUAL WIND SPEED
: FOR SELECTED OHIO CITIESE

u

| .. - 'Nbén wind
City oo : speed, mph
Akron. . . o 9.9
Cincinnati. _ 9.1
Cleveland o . 16.8
Columbus S 8.7 .
Dayton TO.Z
Mansfield e i IS o B s
Toledo - .. - . | 8.5
Youngstown | "16.0.”




calculating vehicle traffic emissions, specific for activity

around the storage pileg, is given in pquatlon 5. 4

EF

|

0.10 K (5/1.51(6/235)..'j. - Equation 5°
where:

EF = emission factor, 1b/t ton {of materlal put through the
storage cycle),

K = activity factor, dimensionless (Table 2 1.2-4y,

§ =.8ilt content of stored material, welght percent (see
- Table 2.1.2-2), and .

d = dry days per year (see Figure 2. 1 2 2).

The activity factor (K} is related to the type cf loading
(or haul) equlpment employed and its level of usage.as_c0351dered
typical for various types of matefials.- The acti§iﬁy factor is a
dimensionless number that ?laces-a_value onathe'piece of equip-
ment being used for specifié materials relative to'the eguipment
used in the orlglnal test study (front-enﬁ loader) on gravel
operations. Table 2.1. 2 4 gives values for K. |

The final source of'fugltlye dust em1551on5=£hat can be
determined for a specific %orfion of the storage pile cycle is
the load-out of material from the pile. The base emission rate
for load-out of material from the pile by a front-end loader into
a truck is adjusted by four correction parameters: the silt
content of the storage material, the moisture content of the
storage material, the mean wind speed, and the effective loader
capacity.

. The emission factor for the load-out of material from a

storage pile by a front-end loader is presented in Equation 6.4
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TABLE 2.1.2-4. VEHICULAR ACTIVITY FF\C"F{JRSI:'L

Material '  Range  Mean
Coal - 0.0-0.25 0.08
Coke o 0.0-1.0 . | 0.25
Gravel® 0.25 b -
Iron ore” | 0.0-0.25 0,06
Limestone® - 0.28 -
sand® 1.0 | -
s_iﬁter . 0.0 | -
_Slag | .0 T
Top soil | - | o

W

@ Large stone aggregate.

B Values are for both lump ore and pellets, 0.25 was determined for pelletized
ore. _ -

 Dolomite limestone.
d Sand and gravel.
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($/5) (U/5)
M/2) 2 (v/6)

EF = 0.0018 Eqguation 64

. where:
EF = emission factor, lb/ton of material transferred,

§ = gilt content of stored material, weight percent (Table
2-1-2“2) ’

M = moisture content of stored material, weight percent
(Table 2.1.2-2), _

U = mean wind speed, mph'(Téble 2.1.2-3), and
v = effective loader capacity, cubic yards.

The effective loader capacity of the front-end loader will
vary depending upon its intended use. A typical front-end loader
used for the purpose of loading gravel will have an effective
loader capacity of 3 cubic yards.

Details regarding the actual development of Egquations 2
through 6 and the accuracy and limitations of application are
not available; but given the generalities of application, the
estimates should be considered to be within an order~of-magnitude
at best. |

A summary of the emission factor equations and correction
parameters are presented in Table 2.1.2-5.
2.1.2.3 Particle Characterization--

Particle Size, Density, and Composition

The particle size of airborne fugitive dust from aggregaté
storage piles does not vary greatly and can be stated to be
somewhat independent of the material being stored.8 Typical
particulate size ranges for fugitive dust from agéregate storage

piles are given in Table 2.1.2-6. Recent information does
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TABLE 2.1.2-5. SUMMARY OF EMISSION FACTOR EQUATIONS
‘ AND CORRECTION PARAMETERS

Emission category . = . e 7:55'£mission'factor equation
Gross overall emission_ratea o EF = 0.33/(P_E/1UO)2
Loéd'in (continuous opera- : EF = 0.0018 i§i§l~L%£§l
tion) ' (M/2)
‘Loadmin (batch operaﬁon)b EF = 0.0018 L§£§l§£yi§l
o (M/2)%(V/6)
Wind erosibnb - ' - EF = 0.05 (S/T;5)(5/90)(d/235)(f/15)
Vehicle activity® EF = 0.10 K (S/1.5)(d/235)
Load-outb EF = 0.0018 i§i§l§i§£§l
(M/2)°(Y/6)
Correction parametersl
Symbol - Description
PE - Thornthwaite's Precipitation Evaporation index Figure 2.1.2-1
D - Duration of material in storage, days Table 2.1.2-2
d - Number of dry days per year Figure 2.1.2-2
f - Percent of time wind speed exceeds 13 mph Reference 6,7
K - Activity correction Table 2.1.2-4
M - Material surface moisture content, % Table 2.1.2-2
S - Material silt content, % Table 2.1.2-2
U - Mean wind speed, mph _ Table 2.1.2-3
Y - Effective loader capacity, yd3 Specific to
equipment

a Reference 1.
b Reference 4.
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TABLE 2.1.2-6,

TYPICAL PARTICULATE SIZE RANGES FOR FUGITIVE
DUST FROM AGGREGATL STORAGE PILES®

Percent by weight

Size range of emissions

<3 um 30

3-30 um 23

. o
>30 ym 47

& Reference 9.
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indicate that, although the particle size distribution'may'be
faifly independent of the material being stored, the condition of
the stdrage pile surface (disturbed or undisturbed) can influence
the size distribution. Studies of coal‘stcrége piles indicate
that an undisturbed pile surface will generate a smaller per- -
centage of particles under 30 um {approximatelf 9%) than a
disturbed surface (approximately 21%)_.lo

The density and composition of the fugitive emissions frpm_
aggregate storage piles will be directly related to the materi;l_
being stored. |

Hazardous or Toxic Nature of Fugitive Emissions from Aggregate
Storage Piles ' ' :

The hazardous or toxic nature of fugitive emissions from
aggregate storage piles is almost entirely dependent upon the
type of material being stored. It is not possible to discuss the
nature of a health hazard without first knowing the storage
material in question. The reader is directed to the health
effects discussion in Section 2.1.1.3 which outlines the health
problems'associatéd with fugitive emissions from paved and un-
paved.sﬁffaces for information on emissions generated during
vehicle activity around the storage pile. For other storage pile
activities, specific knowledge of the storage material is nec-
essary. The hazardous properties of specific industrial mate-

rials can be found in Reference 11.
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2.1.2.4 Control Methods—-

The control methods available for reducing fugitive dust
from activities associated with the storage.of material in péén
piles are presented in this section by each type of aétivity: |

load-in, wind disturbanqe, vehicle traffic and load-out.

Techniques, Efficiencies and Costs for Controlling Fugitive Dust
Fmissions from Storage Pile Load-In ' '

The control techniques for reducing dust from load-in
activities consist of enclosureé,'chémicalIStabilization, and
operating precautions. The'énclosﬁres include silos, stone
ladders, wind guards and telescopic chutes. The chemical stabili-
zation includes watering, the application of dust retardant, and
the use of crusting agents. The final group of control techniques
concern themsélves with precautionary operating habiﬁs éuqh as
reducing the drop height of front-end loader buckets and makigg
operators aware of the necessity of dust control.

Enclosures - Enclosure techniques include storage site en~

closure (e.g., silos) and material handling enclosures (e.g.,
chutes). Storage site enclosures, like silos or Wa:éhogges,

must be specifi¢ally designad_for_:he_material_being_hand;gd.
additional structural considerations such as ability to withstand
snow loads, wind or precipitation affect the design of any given
silo or enclosing structure. -Due to this degree of specificity;
it is hard to place an exact efficiency rating or cost estimate
on the use of storage silos or buildings.. It is expected that a

properly built storage silo would substantially reduce load-in



emissions when accompanied with control of the emissions from the
material transfer into the sile.

Stohé ladders are permanent devices which aid to guide
material from a stacker to the pile. A stone ladder is a ver-
tical tube with openings at various heights. The storage mate-
rial will £ill the tube until it reaches an opening, at this
point the material will begin to flow out on to the pile. The
estimated control efficiency for this device as compared to the
emissions from a front-end loader is approximately 80 percent, and
the initial investment is about 24,500 dollars.’

wind guards are closely related to telescopic chutes except
thatnﬁhéy'are of a fixed length. The wind guard covers the
discharge end of a stacker helping to decrease the effective
dispersing action of the wind. The estimated control efficiency
for a wind guard on a stacker (when compared to a front-end
loader) is approximately'50”percent.4 The initial cost is esti-
mated at between 12,000 and 61,000 dollars.®

A telescopic chute consists of a series of thin-walled
cylinders which help to guide the material being dropped from the
stacker to the pile. The telescopic chute retracts as the pile
gféWs; This feature makes its use suitable for both stationary or
mobile stackers. The purpose of a telescopic chute is to reduce
aslong drop distance to a few feet. The estimated contrel effi-
ciéncy for a telescopic chute {compared to a front-end loader) is
approximately 75 percent, The initial cost can be approximately

8,500 dollars.i’®
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Chemical stabilization - The primary forms of chemical

stabilization used during load-in activities are watering and
wetting agent application. The water or wetting agent is applied
by a spraying system at the discharge end of the stationary or
mobile stacker. Relative to the use of a front-end loader,

a stationary or mobiie stacker with a spray system has been
estimated by various sources to have a control efficiehcy of from
75 percent4 to as high as 80 to 920 percent.12 The initial in-
vestment in eguipment is approximately 13,500 dollars,4 This
figure does not include the annual operating costs and assumes
+he use of water only. The application of chemigal wetting,
crusting or suppression agents to the storage pile results in
higher costs. Depending on the agent used, costs can be:betwgen
0.5 and 1.5 cents per square fcot of surface area.4 A summary

of common chemical agent costs is'presehted in Table 2.1.2-7. |

Precautions - Operational precautions are assumed to have

scme potential to decrease the amount of fugitive dust generated
when material is dropped from a front-end loader or height ad-
justable stacker. The ability cf the equipment and operatdr to
“reduce the drop distance of the storage material‘can_help_tg
reduce the amount of fugitive dust emitted. A properly Qperated
vvariable height" stacker can gain a 25 percent control efﬁ;epcy
~over normal front-end loader operation-é The control efficiency
gained through lowering the drop distance of a‘ﬁront—end lpadgr

was not addressed in the available literature. A.§ummary_cf the
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TABLE 2.1.2-7. CHEMICAL STABILIZING AGENTS FOR USE
.~ - ON AGGREGATE STORAGE PILESasb o

Application
| _ . cost,
_ Stabitization Application 1980 dollars
agent Ditution rate per 103 fté per 103 712
Organic polymers
® Johnson-March Full strength 10 gal. concentrate EG.SDd
S$P-301¢
° Apolle
Pentron DC-3% 10% solution 1.2 gal. concentrate 4.20
- Pentron DC-5€ 10% solution 1.2 gal. concentrate 4.50
° Houghton . 2% solution 3 gal. concentrate | 8.50
" Rexosol 5411-BC : :
Petroleum resin
water emulsion _
° Witco Chemical 20% solution 20 gal. concentrate 4.90
Coherex® ' :
Latex type synthetic
liquid adhesive
° Dowell 4% solution | 1.8 gal. concentrate 4.90
M145 chemical : :
bindert

Mention of & company or product name should not be construed as an en-

~ dorsement by either the author of this document or the Ohio Environmental

Protection Agency. It should also.be noted that the table represents an
example of the wide range of chemicals available for use. Tt does not
attempt to include all chemical companies or all of their products.

The figures given in this table are approximatiohs and can be used in
only a very cursory comparison of costs {on a usage basis).

Reference 4, pages 6-11.

' Based upon a cost of 1.65 dollars per gallon, which assumes that the

stabilizer will be purchased in quantities of 45 or more drums {at 55
gal. per drum).

Reference 13.
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control techniques and efficiencies for storags pile load~in
activities are given in Table 2.1.2-8.

Techn;ques, Efficiencies and Costs for Controlling Fugitive Dust
Due to Wind Disturbance of Aggregate Storage Piles

The control techniques for reducing fugitive dust from wind
disturbed storage piles consist of building enclosures, applying
chemicel stabilizers or in some instances taking precautionary
maintenance measures. The enclosures used to reduce wind dis-
turbance include both gilos and wind breaks. The chemical
stabilization technigues include watering and application of sur-
face crusting agents. The precautionary measure consists of

maintaining as low a plle height as poss;ble.

Enclosures - The protectlon of storage piles frcm the direct

action of wind erosion and dlsper51on can be accompllshed-through~
the use of total (silo) or partial (wind break) enclosures.
Silos are not often used for controlling fugitive dust. Inefead
they are usuallf constrected for the protective storage of.
special materials. In one instance, storing coal in a single
large silo effectevely eliminated from 25 to 100 percent ‘of the
wind generated em15510ns.4’6
The cost for constructing silos will vary for diffeteht
materials. An approx;mate cost of 75 dollars per ton of materlal
stored has been. suggested._ Wlnd breaks, such as trees, shrubs
or other vegetatlon, or man~made structures, have been estlmated

to provide a control eff;c;ency of 30 percent.4- The cost of such

structures will vary greatly. For vegetative wind breaks, ‘a

2~46



'P3403S |eidajew o adA3 Buc Aue 03 padopie; oy

‘Wa3sAs JsWie|oa4/ua)de3s 3| Lqou © uodn paseg
"SLELJR]BUW SNOLARA JOJ SDLOUBLOLISD |[BUSAO PaILOLaY "

q

N
i

{seaay bButyuey
YN
24 01/0§°91 03 02" pg
W
Wi

N
744 (0L/0§°9L 03 02"

N
N
N
v

+000°s¢/

a:ow—pwﬁ 9-2

N
+00§°€1
. 994} Jad mmwlmew

paJo}s S
Letdazew jo uoy Jad g/

W
005°€L
00§°8

00019 03 000°2L

005°v2
(82uequUnySLp pulm 935)

e

56
58-08

wam_mxmaumom JuURld |*)°Z =0wuuww CEN

0¢
66-08

o€
00156

§2-0
(06-08) 03 G/

(Aeads pue waysAs
wiejdaJd 3ayong sspnyo
-Ui) uoissadddns gsng

SwaysAs uawpe[ssy |

INno-peo’

ST33eR TETRSTIRR

suopInessuy

uoi3ez||1qeys (EopuBY)
Ye34q puLs UoL3eIaBay -

olis -
saunsojouy

 SFUCGATISTP PUIH
- SUOLINEIBUY |
ucLlezi|Lqe3s [estuwsyy ,
S33nyd didoosaya) ~
‘spdenb puipm -
sasppe| auoys -
0148 -
$a4nsojou3

Ui-peoy

(sdeijop 0861)

(s4elop 0861)

“s3502 Buprededo { ehuuy

‘3500 {eLgLu]

e% ‘Aousiopyye
1043U0D pajRUL)S]

SanbLuyosl [0u3uod
PUB 334N0S UOLSS Ly

ST1Id 39VHOLS ILYBIYY WONJ SNOISSINI 1SQ IAILISNS .
404 SIS0 ONV SIIONIIOISA3 SINDINHIIL TOUINOD 40 AUVWHNS ¥ °8-2°1"7 378vL

2-47



single tree can range between 45 dollars for an 8 foot specimen
to 425 dollars for a 25 foot spec:i.men.4

Chemical stabilization - The act of using a substance to

stabilize the surface of an aggregate storage pile is often
referred to as "surface stabilization." This process binds the
loose surface material into a solid, nonerodible crust through
the use of a chemical crusting agent. Also, water (with or
without a wetting agent) can be used to keep the surface moist
and promote the adhesion of small particles to larger ones. 1In

" order to wet the surface of the pile, 2 system of towers, sprip-“
klers and pipes’hust pe constructed. The initial cost of thisf
eguipment. has been estimated at approximately 13, 500 dollars.4

An ‘estimate of spray and appllcatlon costs can bhe determlned
through Table 2.1.2~7. The control efflclency of a spraylng
system is given to be approximately 80 percent using water andlup
. to 99 percent when chemical agents are used. “

Precautions - The lowering of the storage pile height takes

advantage of the fact that wind speed generally increases w1th
helght above ground level. Lower storage plles result in: 10Wer
surface w1nd speeds which result in reduced wxnd er051on.i'The“
maintenance of low storage piles can not be directly assoczated'
with ény change in cost. An estimated control efficiency of 30
percent is assigned to this techm.que.4

Technlques, Efficiencies and Costs for Controlllng Fugltlve Dust
From Venicular Traffic Around Storage Plles

The requ;rements for controllxng fugltlve dust from unpaved
access roads on or near aggregate storage plles is: not unllke the
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requirements for other unpaved plant roadways. The reader is
referred to sEction_2.l.l, Plant Roadways and Parking Areas, for
a discussion of controlling dust from unpaved plant surfaces.

Techniques, Efficiencies, and Costs for Controlllng Fugltlve Dust
from Storage Pile Load-0Qut

The control techniques for reducing dust from load-out
activities include the use of reclaimer systems and dust sup-
pressants.

The load-out of material from storage piles can be accom-
plished with the use of either front-end loaders or reclaiming
systems. The reclaiming of material from storage piles is ac-
complished by use of underground conveyors and raking or bucket
equipment. In either of these cases the reclaimer systems
minimize the amount of fugitive dust generated during load-out
operations (as compared to a front-end loader).

Rake reclaimers move along the surface of the pile directing
material toward an underground conveyor system. The bucket
system consists of a bucket wheel which moves along the pile
perpendicular to its face. The buckets move material from the
pile surface onto a conveyor. The reclaiming system may also be
passive in nature, in which case material is fed to the conveyor
beneath the pile by gravity alone.

The control efficiencies for these systems (as compared to a
front-end loader) are B85 percent for the rake ;éclaimer and
approximately B0 percent for the gravity feed and bucket re~

4,8 Reclaiming systems-will vary greatly in cost de-

claimer.
pending upon the type of system chosen and the desired design
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capacity. Initial costs of a mobile stacker/reclaimer system
range between 2 and 6 million dollars.?

The mechanism behind dust suppression is similar in nature
+o chemical stabilization. The technique consists of the appli-
cation of’ﬁaﬁer or chemical wetting agents to the storage pile
prior to disturbance by load~-out equipment; This technique can
include simple surface spraying of the pile, or the use of a
specialized spray system which wets the storage material as it
is being disturbed. The control efficiency of wetting the pile
surface prior to disturbance (by a front-end or reclaimer) is
not documented in the literature. The éctualwefficiency is
assumed to be low. The control efficienqy_of_a bucket wheel
reclaimer with:spray_system (as opposed to a front-end loader
alone) is estimated to be 95 percent.4 The estimated cést of a
spray system for use with an existing mobile bucket wheel reclaimer
is at least 75,000 dolla;s.é ' No annual operating cost estimates
‘are available.

RACM selections for storage piles must be made on a site
specific and material basis. Some materials are amenable to wet
control techniques with no effekts on material gquality, whilg_
others cannot tolerate increased moisture. RACM for a specific
site should also be made by evaluating the severity .of the
emissions and the costs for the various control altgrnatives,
Specific RACM selections are made for storage activities of

various materials in the later industry-specific sections.
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2.1.3 Material Handling

2.1.3.1 Source Description--~

Material handling is the description given to the movement
¢f raw process materials from receiving sites (truck dééots,
vessel docking facilities and rail_spuxs).to indusﬁrial storage
sites.(aggregate storage piles or silo eﬁélbsures) or directly to process
operations, the transfer of materials between.pfocess operations, and the
transfer of products to storage or shipment. The actual material
handling is a combination of unloadipg, transfer, and conveying
operai;ions° These three types of operations-are common to
virtuélly all process industries. A pictorial representation of
these operations is given in Figu:e 2,1.3-1. This figure depicts
the relative position of each maﬁérial handling operation within
a hypdthetical industrial settingg

The unloading operations aré;érésented in this section ac-
cording to the transportation modeiéf the vehicle being unloaded
{truck, vessel or rail car). Thé types of unloading operations
freguently associated with material'handling are: dumping by
truck; crane~clamshell and bucket iadder removal from vessels;
and side dumping, rotary dumping, bottom dumping and pneumatic
removal of material from rail cars;

The transfer and conveying of material are accomplished with
belt conveyors, screw conveyors, Epcket eleﬁétorg, vibrating
conveyors and pneumatic equipment. The actuai loss of material

or the generation of dust from material handling will occur at
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the feeding, transfer, and discharge points along the systemn.
Review of the literature indicates that a majority of the mate-
rial loss generated is due to spillage and is superseded by wind

erosion only when the handling system is improperly enclosed.t

__2.1;3,2 Fugitive Dﬁst Emission Factorg—-

The fugitive dust emissions generated from the handling of
prbcess materials vary depending upbn the method of unloading or
transferring used and the type of material being handled. In
most cases, the available emission factors for material handling
are based upon engineering judgment or limited on—site measurements.
Table 2.1. 3-1 presents the available em1s31on factors for unloading
of material., Table 2.1.3-2 glves the emmss;on factors for the
conveying and transfer of materlal In u51ng these factors for
materials not listed, it is best to select the factor for the
listed material that would most llkely have smmllar propertles

to the material in gquestion.

"2.1.3.3 Particle Characterization—--

Particle Size, Density and CompositionémThe particulate

size of fugitive dust generéted from material handling opérations
can be considered not to vary with the type of aggregate material
in storage. It can be assumed that the size distribution of the
dust will be somewhat independent of the type of material being
handled, because the surface condition of the transported mate-

rial (crusted or aggregated versus fine or disaggregated) will
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TABLE 2.1.3-1.

EMISSION FACTORS FOR THE UNLOADING OF MATERIAL

vember

Uncontrolled
emission factor
Method of Material (1b/ton of _ ‘
Vehicle unloading unloaded imaterial unloaded)| Reliability
Truck ° Dumping .. . Aggregate 0.02° D
Rock and gravel 0.048 a £
 Granite 0.00034 E
Grain 2-8b D
0.64¢ B
Vessel ° Crane-clamshell | . Grain 3-gb D
bucket _ - '
° Bucket ladder d 4
Rail ° side dump L d d
° Rotary dump d d
° Bottom dump ‘Taconite pellets O.bgb T
L Coal 0.4° E
Grain 3-8b D
1.30C B
° Pneumatic d d

% Reference 5, pages 37-40.

b

Reference 2, page 2-17.

C Reference 3, page 12.

d

Data not available.
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(TABLE 2.1.3-2. EMISSION FACTORS FOR THE CONVEYING AND TRANSFER
A . OF MATERIAL

- s - I

Material handling Material being Uncontro11ed;g_3551on factor
operation handied " (1b/ton handled) reliability
Conveyihg'énd transfer | Coal = = 0.04 - 0,962 E
. | | : 0.02P D
0.02¢ E
Coke o 0.023 - 0.132 D
Grain o 2.0 - 4.0° E
0.11 - 1.40° B
Granite _ Neg]igib1eb E
Iron ore _ 2.0° c. E
T 0.046 E
tead ore = | 1.64 -5.0° E
Sand: 0.3 E
Transfer {only) Coal = 0.8%+4 E
| (spillage)

& Reference 2, p. 2~7.
b_Referen;é_], page 3-42.
© Reference 3, page 12.
d Value includes dust and large aggregate, much of which will never be suspehded.
® Reference 5, pages 44-47.
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influence the final size distribution found in the fugitive dust
emissionsz’3 (see Table 2.1.2-6, column b).

The density and composition of the fugitive emissions from
material handling activities will be directly related to the type
of material involved.

Hazardoﬁs or Toxic Nature:of Fugitive Emissions From Mate-~

rial Handling Activities--The hazardous Or toxic nature of fugi-

tive emiséiOns from material ﬁandling activities ‘'is almost
entireiy dependént upon the type of material being hahdled. As
in the case of particulate characteristics, it is not possible to
discuss the nature of a health hazard without first knowing the
material in guestion. The hazardous properties of specific
industrial'matetiéls'can be found in Reference 4,

Data availability--Review of the literature has produced

only two gxamples of particulate size distribution for aggregate
material that would be unloaded or transported by a material han=
dling system (see Table 2.1.2-6). Knowledge of exactly what
portion of the fugitive emissions from other handling operations
 will remain in suspension is ﬁéedéd. A few of tﬁe conveying and
transfer emission factors are indicated as dincluding large por-
tions of "spillage," material which is ﬁﬁdﬁ too lafge'to*éver

become suspended.

2.1.3.4 Control Methods—-
The control methods available for reducing fugitive dust
from material handling activities are specific to. the site of

dust release, i.e., the site of unloading, conveying operations,
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or points of transfer. The control methods, efficiencies and
costs dlscussed in this sectlon will be addressed according to
the individual 51tes of dust generatlon.

Technlques, EfflClenCIES and Costs for Contrelling Fugitive

Dust From Unloadlng Act1v1t1es-—The mlnlmlzatlon of dust from

unloading actlvmtles can be accompllshed through 1} the total or
partlal enclosure cf the unloadlng fac;llty and the removal of

the part;culate to a bag fllter system, 2) enclosure without bag
_fllter system, and 3) use of a water or chemlcal spraylng system. 1:5

The control of fugltlve dust from truck’ dumping activities
can be accompllshed wzth elther the enclosure or spray system
techn:.ques° The applzcatlon of control practzces to truck dump-
1ng sites are dependent largely on the lndustry or material in-
volved. A 90 to 95 percent reduction of fugltlve dust from truck
dumplng activity can be accompllshe& when the site is enclosed

and the captured particulate is vented to a control dev1ce.5

A 50 percent control eff1c1ency can be achieved with a water
sprey system.5 Cost es@imates for these'spfay systems were not
available. )

Fugitive dﬁst emissions can be contreolled through the en-
closure of rail”car unloading stations accompanied by dust col-
lection with bag filters. This method of control can effectively
reduce 99 perceﬁt of the fugiti#e'dust. This type of system is

' 1

estimated to have an initial cost of approximately $120,000. No

annual operating costs are available. pepending on the type of
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material involved, fugitive dust from rail car unloading opera-

tions can also be controlled using spray systems. This measure

results in an effective control efficiency of 80 percent at an
i _

annual cost of $37,000. The use of chemical stabilizers may

improve the efficiency of this control measure. The addition of
chemicais.ﬁo fhe spray sfstem} howeve:, will increase the cost of
operation (see Table 2.1.2~7). |

Data on dust suppressants, thgir costs, and application
rates are presented in Appendix B

Technlques, Eff1c1enc1es, and Costs for Controlllng Fugitive

.Dust From Ccnveylng and Transfer Act1v1t195“—Tha control of dust

from conveylng and transfer operatlons can be accompllshed
through methods similar to those used durlng unloadlng opera—
tions. Conveying or transfer emissions can be mlnlmlzed through
the use of enclosures or spray systems.. Enclosure of conveying
systems can be either partial (top) ér ﬁotal. The contfol effi-
ciency of a partial enclosure system i# rafed at 70 percenf with
‘an initial cost of $43.00 per foot of"convéyor.l The total
enclosure of a conveying system.which includes the use of a dust
collection system, e.g., bag filter, cén résult in a control
efficiency increase to 99 percent w1th an 1n1t1a1 cost of $86 00
per foot_of ponveyo;.l ‘No annual operatlng costs were available
for either of these control measures.

Transfer stations located élong the coufse of a conveying
operation can be significant squrées of fugitive dust. The

contrel of dust from these sources is also accomplished using
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enclosures and/or spray systems. The total enclosure of'a trans-
fer point can effectively reduce fugitive emissions by 70 percent
at an initial cost of $3,700.1 The addition of a bag filter to a
transfer point enclosure can raise the controil efficiency to
approximately 99 percent. This additional eguipment will in-
crease the initial cost teo approximateiy $22, 000.l Effectlve
control of dust from transfer statlons can also be accompllshed
u51ng water and chemlcal spray systems. The spray system has an
added advantage in that the aggregate subject to chemical spray
is adequately treated to effect dust suppress;on throughout the -
entire material handling system. The control efficiency of spray
systems at transfer points is estimated to be between 70 and 95 |
percent.l The initial cost of implementing a spraylng system for
a 51ng1e transfer point is approxlmately $18, 000. The cost of
one multiple system was estimated at $245,000 (based on a plant
hahdling-z.z million tons of material a year). The annual oper-
atiﬁg:COSt of a single transferfstatioﬁ ranges between (.02 to |
0. 05 dollars per ton of materlal handled.l PEDCO estimates that
the capltal costs for a system such as shown in Flgure 2.1.3-1
is approx1mately $70,000, with annualized costs of $23, 700.

| A summary of the control measures for unloadlng, conveying,
and transfer operations is presented in Table 2.1.3-3.

Reasonably Available Control Measures {RACM) for material

handling operations must, of course, be site specific and mate-
riallspecific. In most cases, where the material characteristics

will not suffer from increased moisture content, water or
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chemical sprays offer good contreol efficiencies at reasonable
costs. However, where material characteristics or specifica-
tions precliude wetting, the emissions should be controlled by
enclosure and vgntilaticn to a fabric filter. Again a case-by-
case asséssment must be made ﬁo_aséertain the sevérity of the
emissions and the relative economiés of cbntrol. Details on RACM
‘selections for specific materials.and operations are presented in
~the industry~spe¢ific sections of:this report. .

Benefits of Control Measures~-Material handling operations

" move what is usuallynconsidered to be a “valuable".commcdity from
one- poxnt to another W1th1n a glven 1ndustr1a1 settiﬁg. Because
the materlal has been acqulred at scme cost to the industry, the
1oss of a portion of this mater1a1 constltutes an expensive
~waste. In some cases, efg.,g;ain elevators, the cost of in-
stalling collection devices_can*be partially offset.by the market
value of the material which haé been captured; Thls type of side
beneflt assoc;ated with collection deV1ces may have applications

in a number of other industries.
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2.1.4 Mineral Extraction

Mineral extraction (mining) operations generate large
amounts of fugitive dust. The fugitive dust emissions associated
with these activities are in addition to the emissions from the
ore beneficiation process. The fugitive dust sources vary de-'
pending on the method of extraction, which is often dependent upon
the type of mineral to be removed. Table 2.1.4~1 lists the major

types ofminerals mined in the State of Ohioc.

2.1.4.1 BSource Description--

Eleven mineral extraction operations that have been i@éntiw
fied as generating fugitive dust are listed in Table 2.0.4-2.
Slx of these fugltlve sources are treated 1n one or more of the
other sections of this report., Five sources are dlscussed in thls
section. The five fugitive dust sources specific to mining are
1) overburden removal, 2) drilling and blasting, 3) off-highway
truck loading, 4) waste disposal, and 5) reclémation. The fol-
lowing descriptions of the mining operations are general in

nature. Site specific operations may vary from these descriptions.

Overburden removal--Overburden remoyal consists of those
activities performed to remove material overlying a mineral
deposit. An operation of this type includes the reduction of
surface plant life and removal of top soil, subscil, and other
‘undesirable strata. Overburden removal is most often associated

with surface (strip and pit) mining operations.



TABLE 2.1.4-1. MINERAL MINING IN oHIo!

. L _
. : Quantity
Mineral Mining method ' (106 short tons)
Coal Surface o - 24.8
Otherd o _ 22.0
Clay . Surface 2.7
and shale Underground 0.7
Limestone Surface o o ' 44.0
and dolomite Underground 0.9
Other stoneb Surface 1.4
Sand and - Surface " B - - 37.2
gravel :
Salt. Underground . N 5.1

4 1pciudes underground, auger, and strip-auger mines.
b Includes sandstone and guartzite.
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TABLE 2.1.4-2. REVIEW OF FUGITIVE DUST FROM MINERAL EXTRACTION INDUSTRY

SR S Section of guideline .
Source description containing source information
Overburden removal : Section 2.1.4 |
Drilling and Blasting Section 2.1.4
Truck loading - B Séctfon 2.1.4
Haul roads | | Sectébh 2.1.1
Truck duhping : | Sécfion 2.1.3

| Crushing h ’ | . Se&tions 2,18, 2.19

\Tranéfer:and conveying .: Section 2.1.3
Cleaning Sections 2.18, 2.19
‘Stofage : | Sectioﬁ 2.1.2 |
Waste disposal - | Section 2.1.4
Reclamation | Section 2.1.4
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Three methods of strip mining are practiced in the United
States: area, contour, and agger.z Area strip mining is per-
formed on flat terrain. Trenching eguipment removes overburden
from the strip of land presently being worked, depoéiting it in
the trench left by the previous stripping operation. Only ;he-
initial stripﬁing operatioﬁ produces overburdén which requires
dispbsal or storage. Figure.2;1.4—l éives a pictorial.represen-
tation of oﬁerburden removal during area striﬁ mining. -

The seéond stri?ping method, contour mining; is eﬁployed
when the land has a slope greater than 15 degrees. Contour
stripping is the excavation of a hillside to form a lgvel plat-
form or "bench". Qng side cf the bench runs along_phe exposed
wall of the hill. The oéposite side faées the downslope of the
hill. Overburden is ;éﬁoyed from‘the present bench excavation
and deposited (or baékfiiieé) into the previously worked area.
This operation {bench_exéavaticn, mineral extraction,.backfill)
continues up the slo?e until the desired mineral deposi£ has been
removed; The initiai stripping operation préduces the only
overburden'requiriﬁg”storage'or'&isposal; "This excess overburden
has to be moved to a level storage area. Overburden remaining on
the downslope of a hill increases the potential for landslide.
Figure 2.1.4-1 gives a pictorial representation of overburden
removal during contour mining.

The third stripping method, auger mining, uses large drills
(augers) to pull minerals from horizontal deposits. . This tech-
nique is usually done in conjunction with contour mining. Con~

tour mining transforms the hillside into a series of benches. The
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STRIP_MINING
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I
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NEW p
BENCH .
OLD h
BENCH

Figure 2.1.4-1. Overburden removal operations for area
and contour strip mining. '

2=69



auger then extracts the exposed mineral seams on each bench. The
handling of overburden is the same as during a contour mining
operation,

A fourth type bf.surface mining, open pit mining, requires
very limited (one-time) overburden removel. The overburden
material is usually remevea.anafﬁfansported td an off-site stor-
age area until reclamation acgiﬁitiee Eeéih.e50verburden.removal

for open pit mining operations is an infrequent activity.

Blasting operations~-Drilling and blasting are done to
fracture hard, consoiiﬁated material so it can be more easily and
efficiently removed. Blasting operations are a.eeutine part of
open~pit mining or quarrying,_but are performed only as often as
necessary. _Blasting is usually limited to a once—a—day activity
in isclated fempofarily inactiﬁe areas of the mine. Thls is done
to minimize the dlsrupulon of othef mlnlng acthLtles..

Truck loaﬂlng Opers 1on5wwM1nerals or overburden from sur-

face mining will at some polnt be loaded onto off hlghway trucks
for transport. Although convevor systems are often employed in
place of trucks, mining operations deal;ng with coal, stone,
gravel, and clay very often use dump tfﬁcks. Truck loading is
usually performed u51ng crawler—mountea shovels or frontnend

loaders..

Waste disposal operaticns--Large amounts ef waste material
are generated during the mining and benefieetion of minerals.
Examples of waste material from mlnlng operatlcns are low—grade
ore, slack coal, extraneous unmarketable rock, talllngs, and mud

siime. Waste material having the same characteristics as the
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mineral belng mined can be disposed of as backflll Other waste
material may be in slurry form and require dlsposal in holdlng
ponds. Waste disposal operations are distinguished from over-
burden disposai, because in most cases disposed waste is not

2

reclaimed.

Land reclamatlon-wSurface mining will cause consxderable

alteratlon of the land at the mining site. Effective reclamatlon
should 1nclude a preplanned Program which allows the reclalmlng
oractlce to become a concurrent part of .daily mine operatlons.

An effective program should also allow for segregatzon of the
strata w1th1n the overburden into different quallty materlals.
Placement of top501l sub—s01l and lnferlor.materlal ;nto sepa~
rate storage promotes proper backfill prectices, If properly
stratified (topsoil _over subso;l, over 1nfer10r flll}, a re—

claimed mlnlng area will accept revegetatlon.

2.1.4.2 FugitiVe Dust Emission Factors—-

FugitiVe'dost is genetatea at'each of the miheral extracting
sources. In mahy.instances a single mine may have ﬁore than one
source of fugitive dust associated with it. The fugltlve dust
emission factors avallable for the mlneral extractlon industry
are presented accordlng to thelr spec1f1c source of generatlon

Fugitive dust emission factors for overburden removal-~Two

primary fugitive dust sources are associated w1th overburden
removal: 1) dumping of dragline buckets or shovels into adjacent
trenches or 2) removal and transfer of soil with scrapers and

bulldozers. Specific sampliné has not been performed on either
2=T71
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of these sources; however, estimates of the source emisgsions are
available. Table 2.1.4-3 lists the available fugitive dust
emission factors for overburden removal. The removal of over-
“bﬁrden has been cited as the largest source of fugitive dust at
a mineral mining fé.cility.2 However, guantifyving the actual
degree of dust generation has been difficult.’
The conéluSion drawn from the major references cited in

this section?/3/4 ig that dust emissions from overburden removal
activities vary with the composition, texture, and moisture
content of the overburden material. The overburden removal
emission factor will also vary depending on the excavation
proéedufes and type of earthmbving equipment used. Although
many site specific variables affect the overburden removal
emission factor, the emission rate for any specific mine is more .
closely related to the amount of overburden moved. 2

| Thé applicability of most of the emission factors in Table
2.1.4-3 toward Ohio mining operations is questionable, because
they were determined for western mining operations. The two
emission factors determined as national averages [area stripping
(undetermined) ahd contour stripping] are probably more applicable
to Ohio mining'conditions.

Fugitive dust emission factors for drilling and blasting
operationg—-

Fugitive dust emissions from drilling operations have been
guantified by sampling at various mining operations. An emission

factor of 0.008 pounds per ton of material quarried was found by

sampling at one granite quarry.? BAnother sampling study at two



western coal mining operations revealed emission fackors of 0.22
pounds per hole drilled in a coal deposit andfl.S pounds per hoie
drilled for ovarburden.3
Estimating fugitive dust emissions from blasting operations
is a difficult procedure. The nature of blasting prevents monitoring
equipment and manpower from being placed close to the dust source.
The elevation of large amounts of normally non—suspendible matﬁer
inhibits accurate visual estimates of the duét potential. Much
of the material propelled into the air from_a blast will not
remain suspended for more than a few seconds.
The emission estimates given in Tablé 2.1.4-4 express the
wide variety of values possible in blasting operations. Although
it appears that fugitive dust from blasting operations wquld_ﬁe_
+he major source of particulate at mining sites, the actual time

weighted contribution may be quite small due to the intermittent

blasting schedule.

Fugitive dust emission factbrs for truck loading operations——
Dust is generated by the dumping of mineral ores from ﬁhe shovel
bucket into the waiting haul truck. “Independent estimates of
dust emissions from this source vary over a wide range. This
variability can be attributed to differences ln the molsture
content and amount of fines in the mater;alzba;ng hagled. It is
also suspected that the dust emission rate will vary accordlng to
the types of equlpment involved and the climate condltlons of the
mlnlng site. Table 2 1.4-5 lists the estimated fugitive dust
em1551on factors avallable for truck loading operations at

mlneral mlnlng 51tes.



Fugitive dust emission factors from disposal of wastes--The

activities associated with waste disposal are not unlike the
other activities found within a mining operation. Fugitive dust
generated from these sources can be estimated using the same

procedures described for the other mining activities. As an

TABLE 2.1.4-4. FUGITIVE DUST EMISSION FACTORS FOR DRILLING -AND BLASTING

OPERATIONS
Description of Uncontrolled éuspended particle 4 Reliability
operation emission rate rating
Overburden blasting? 58.5 1b/blast ‘ E
Deposit blasting
Coald ' 49.8 1b/blast : E
Other? 0.001-0.16 1b/ton of ore or - E
b stone mined '
Dritling _
| Grana‘tec .008 1b/ton material quarried - E.
Coal .22 1b/hole drilled {in coal} E
1.5 1b/hole drilled (in overburden) E

il ity T A AR AL e o e YT S PP PEPYT S P A O MOt terET orT 11 et mmt ot AT o e

2 petermined from measurements made at four Western coal mining sites, Reference
3. page 69.

b { ower value represents blasting at a Western copper mine; the higher value
represents blasting a granite quarry, Reference 2, pages 26-27.

C Reference 3, page 2.

d Reference 2, page 25.
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TABLE 2.1.4~5. FUGITIVE DUST EMISSION FACTORS FOR TRUCK LOADING OPERATIONS

Description of truck Uncontrolled emission rate, Reliability
loading operation 1b/ton loaded rating
Crushed rock 0.05 E
(front-end loader)

Lignite coal® ! 0.02 . E
{shovel) R

coal® 4 oo | E

~ {shovel)} S O e TR .

Coal® S o 0.10 g
(shovel) |

Coal® ' i 0.6 | E
(shovel) _ _

Granite® : Negligible E
(unspecified) T '

2 |ignite coal from North Dakota mining sites, Reference 2, page 31.
b Coal from Colorado mines, Reference 2, page 31.

¢ Unspecified 1qcafion; Reference 2, page 31.

d Coal from Colorado mining.operations, Reference 3, page 69.



example, truck loading of waste material for transport to a
dumping site will produce dust emissions very similar to truck
loeding eflﬁhe miﬁeral for transport to beneficiation processes,
The dust sources associated with waste disposal are truck loading
.(Section 2.1.4, Mineral Extraction, Fugitive Dust Emission
Faetors for Truck Loading Operations), transpoft-of matefial on.
unpaved roadways (Section 2.1.1, Plant Roadways and Parking
Areas), and dumplng of haul trucks (Sectlon 2.1.3, Materlal
Handllng). The only fugltlve dust sources not prev;ously ad—-
dressed whlch requlre attentlon under thls waste dlsposal sectlon
are those assoc1ated with berm or leach pad constructlon. Dust
from these sources can be quantified using the heavy earth&ork
construction emission factor presented in Table 2.1.4-6. |

Fugitive dust emission factors for reclamation activitieg-—~

Area strip mine reclamation in Midwestern states poses the fewest
reclamation problems. These lands can be reﬁurned to their
original topography by soil segregation, backfilling and grading
as deposits are removed. Compaction of the soil-can be con~
trolled with conventional eguipment. Ground preparation for
revegetation is aided by a climate that provides sufficient
annual precipitation.

When continucus reclamation is pPracticed, earth moving by
@ragline and scrapers produces a large amount of fugitive dust.
However, these emissions are already included as part of the
overburden removal operation. If the topsoil is stored and later

redistributed,or if a smaller dragline or bulldozer is used to
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TABLE 2.1.4-6. FUGITIVE DUST EMISSIONS FOR HEAVY EARTHWORK
CONSTRUCTION AROUND WASTE DISPOSAL SITES '

e S = e
T

Reliability
Description of operation Uncontrolled emission factor factor
Heavy earthwork construction 1.2 ton/acre/montha D

& The emission factor is presented in tons per acre of land exposed to con-
struction per month of construction activity. This value was determined
for a construction project operated at a "medium”" level of activity, dis-

turbing soil with approximateiy 30 percent silt content, and in a semi-arid
climate (PE ~ 50, see Figure 2.1.1-1). Although it would be useful to be
able to adjust this emission rate (according to specific activity levels,
soil silt contents, and climate) the test data used in its generation are
not.sufficient to determine the exact influence of each correction
parameter {Reference 5, page 11.2.4-1).
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grade the spoils area before applying the topscil layer, emis-
sions from these activities éan be.estimated with the same
em;ssiop factors as applied to overburden removal.

All other emissions associated with the reclamation opera~
tion are due to wind erosion over the unreclaimed or partially
reclaimed land. The United States Department of Agriculture's
(USDA) wind erosion eguation has been used in several recent
studies to estimate emissions from wind erosion across cleared or
unprotected scil surfaces. The wind erosion equation was origi-
-nally developed to estimate scil losses from cropland, but has
been adapted to predict the suspended particulate fra~tion of
total soil losses and has been applied to evaluate exposed soil
surfaces other than cropland.

EF=alIZKCIL'V Equation 1

where:

EF = emission factor, ton/acre/yr,

a = portion of total wind erosion losses that would be
measured as suspended particulate, :

I = scil erodibility, ton/acre/yr,
K = surface roughness factor,
C = climatic factor,
L' = unsheltered field width factor, and
V' = vegetative cover factor,
In this equation, K, C, L', and V' are all dimensionless.
~ Some recent work has indicated that the variable "a", as

well as "I", is related to soil type. Values for "a" and "I"
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that might be applied to surface-mined areas cduring or following

regrading are summarized in Table 2.1.4-7.

T TABLE 2.1.4-7. SUMMARY OF VARIABLES FOR THE WIND
EROSION EQUATIONG

Surface soil type | a | I, ton;naw':re(yr (uncontrolled)
Rocky, gravelly | 0.025 )
Sandy 0.010 134
Fine ' 0.041 £
Clay ioam 0.025 43

.Values_of K can vary between 0.5 and 1.0, with 0.5 denoting
a surface with deep furrows and ridges, which protect against
wind erosion, and 1.0 denoting a smooth erodible surface. Unless
the_surface of a regraded spoil area has been plowed or rough-~
ened, a K factor of 1.0 should be used in the wind erosion equa-
tion.

Climatic factors {C) for use in the eqguation have been
determined for most parts of the country by USDA, as shown in
Figu:e 2.1.4-2 {(the values in the figure should be multipiied by
.01).% For exposed areas grgater than about 2000 ft wide, the
field width (L) no longer affects the emission rate,and L' = 1.0.
For smaller reclamation areas in'irregulaf terrain where the
field width is only about 1000 ft, the L' value is approximately
9.7. Because recently regraded surfaces have little or no
vegetation, V' in the equation is almost always 1.0.

By substituting the appropriate data into the wind erosion
equation, the annual emission rate for any specific'Situation can
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.

be calculated. This estimated emission rate (E! is then multi-
plied bv the number of barren acres at the mine during a particu~
lar year to determine total fugitive dust due to wind erosion.
For a more detalled explanation of the modifiedﬁﬁind erosion
equation, see Appendix A of Referenéé 6.

This meﬁhod of éstimatipg'wind erbsion_amissions is acknowl-
edged to have limitéd accuracy, but ho other method has been
proposed. All efforts to quantify Qind erosion.emissiOﬂs that
were found in the literaturé used sbmé publishea USDA data on
annual soill losses pef acre_as_their basis, Because the wind~
erosion emission ratés.pér ﬁnit'ﬁimé éré very low ahd‘highly
variable, it is ndtlﬁossible tq'dheci'thé accuracy of thé esti-

mates by comparison with source sampling results.

2.1.4.3 Particle Characterization--

Particle size, density, and cémpeosition--The particle size

distribution for any mineral extraction source is dependent upon

-

the material being_minea.f.The vﬁriatioh be?ween size distribu-
tions of different minerals is not évailable,, However, extensive
particle size distributioné for sqgfces at a Western 6oal mining
site has been measured. These size distributions are presented
in Table 2.1.4~8. )

?he composition of fugitive aust from mineﬁal extraction
soﬁrces cannot be determined unless the composition of the

mineral deposit and iis overburden are known.

Hazardous or toxic nature of fugitive dust from mineral

extraction activities-~The health effects associated with par-

ticulate emissions from surface mining sources may be similar to
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TABLE 2.17.4-8.

Source description

PARTICULATE SIZE DISTRIBUTION FOR SELECTED
MINE EMISSION SOURCES?

Size Overburden. Truck ... | . Exposed . _
range, removal, Toading, areas, Other,©
Hm . - '%:_. % % %_
<3 5 4.5 5 5.5
3-30 7 8.5 8 9.5
.. >30. 88 . .. 87 87 85

Characterwst1c of f1ve Western coa] m1nes, Reference 3, page 5.
b Exposed areas, waste and reclamation area prior to revegetation.

© Other mining activities, excluding the three categories given above,viz., hauI
roads, truck dumping, and storage areas.
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the effects of particulates from qther fugitive dust emission
sources (see Section 2.l1.1). Neither type of particulate matter
has been studied extensively enough to characterize its impact on
pu;lic health or welfare. Urban particulates have been studied
more extensively, and correlations between ambient particulate
concentrations and mbrbidity_and mortality rates have led to the
establishment of ambient alr crlterla.

In the case of some fugltlve dust source types for which
emission factors have been derived, partiCle size determinations
were made as part of the emission testing siﬁdies. A significant
portion of the emissions for these sources were determined to be
in the size range of particles that are transported outside of
the source boundaries. If the mining ope;ations in an area are
substantial, and other types of induétﬁy"are ﬁedium or iiéht in
comparison, then the em;ssmons from the mlnlng oPeratlons mlght
be expected to have a con51derable impact on the local air
guality. Directional sampling and tracer studles could proﬁide
the necessary data to determine the total particulate impact from
mining on regional health and welfare.2

Data availability--The description and gquantification of

fugitive dust from mineral extraction sources is incomplete when
compared to the availability of information for other dust
sources. No fugitive dust information was found specifically for
Ohio mining operations. The majority of available data comes

from the Western portion of the United States.

2-84



2.1.4.4 Control Methodg--

The currently available control measures for mineral ex-
raction are presented by fugitive emission source. The methods
for controlling fugitive dust from mining operations have not
been researched and developed appreciably; consequently, they .
are not extensively documented in the literature. The control
methods identified are limited to some form or combination of
three basic techniques: watering, chemical stabilization, and.

enclosure (in the form of wind barriers).

Overburden removal--Little information is available on
control methods for reducing fugitive dust emissions from
overburden reﬁoﬁal activities. The minimization of disturbed
land surface has been cited as a precautionary measure capable
of reducing fugitive emissions from overburden removal._opera_tions.4

Wind erosion of exposed soil surfaces is a major source oﬁ
dust at surface coal mines because of the number of large areas
laid bare by the mining operations. Reducing the area exposed
to the wind reduces the potential for windblown dust. No control
efficiency or cost estimate . yalues were given for this technigue.

Drilling--There are several methods of contrelling fugitive
dust emissions from drilling 0pera£ions. One such méthod is a
watér-injection system, where water is injected into the drilled
hole by using a piston pump. Another method employs a water
ring which sprays a fine mist of water aroﬁnd the top of the
drilled hole. Lastly, dust ejector systems are available, where

- compressed air is used to eject the dust particles from the hole

and into a tube which takes the dust away f£rom the drilling
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area. A water spréy or foam may be added in this tube for dust
suppression, or a fabric filter may be used at the tube exit for
more effective dust control.

The only available cost information for dust controls on
drilling operations indicates that for a water injection system,
+the cost was $4,295 for one sysﬁem and $5,170 for another.
Comparable costs for a fabric filter colledtion'system were
given as $13,335 and $15,925.

Blasting~~Review of the 1iterature2'4 indicates that two
preventative methods are prescribed to reduce fugitive emissions

from blasting operations.

1) Restricting the area to be blasted--Proper seguenc-
ing of blasts and judicious charge placement greatly reduce the
outward flux of particulates during blasting. The area of min-
eral or overburden blasted during any one day is determined
largely by the production schedule. At most coal mines, only
enough deposit is blasted to meet each day's requirements.
Because the blasting schedule is closely tied to overburden and
mineral removal, there is little ‘latitude in the total amount of
area to be blasted. Conseguently, there is no additional cost
for this control measure.

'2) Prevention of overshooting during blasting--

Because of the cost of blasting materials, the charge needed for
a particular blast sequence is calculated very carefully. In-
effect, the mine operators observe practices that prevent overblasting.

Therefore, there is no incremental cost of this control measure.
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Tru?k loading——A number of control measures are available
for reducing_fugitive dust emissions from truck loading activ-
ities. The control efficiencies and cost estimates for each
method are individually addressed.

1) Preventing truck overloading-~Preventing the

overloading of haul trucks will reduce spillage and windage
losses. The cost of implementing this measure consists of any
inspection costs necessary to prevent overloading, and the added
cost of additional trucks and drivefs to haul the material.

In reality, this control measufe may be counterproductive.
Reducing the amount of coal in each truck means additional
trucks have to be purchased or each existing trﬁck_has to make
moﬁe trips_tb_ma;ntain the same productiop level. Consequently,
any emission reduction_realized by tha:gontrol measuré may_be
more than offset by the emission incrgasg_ﬁrom the addi#ional_
vehicle-miles travelled. | |

2) Enclosures_and spray systems--Covering thé load of

ore or modifying the surface properties of the material.controls
fugitive dust while the truck is in motion. These metths
prevent the slipstream from removing loose particles. In addition,
enclosing or covering the material eliminates spills and possible
reentrainment of the spilled materials.

At most large mines, the haul cycle is designed to use
workers and equipmént in a efficient manner. Adding an addi—
itional step in the cycle, such as covering or uncovering a

truck, requires additional time and probably additional manpower.



No cost data could be found for covering or treating
the minerals in haul trucks, only an estimate ¢f cost could be
made. The costs associated with covering haul trucks are dependent
on the cost:of the covering and the additional labor#relatea
costs of handling the cover. One report indicates thét the cost
of tarpaulins ranges from $0.04 to 0.70 per sguare foot, and the
incremental cost of the additional labor is about $3.50 per
truckload of material.? The labor cost is based on an estimate
of 10 to 20 minutes extra time required to affix and remove the
cover. Assuming a 5 million ton-per-year operation, a fleet of
25 50~ton trucks with 200 sguare feet surface area each, labor
at $3.50 per truck load, and $0.70 per square foot for tarpaulins,
the cost of this measure would be $368,000 per year.

The cémpéréﬁie éo§£$tf0r a'sprayISYEtém are $65,000.
This #alue is an estimate derived from chemical spray systems
for coal railway cars.? It should be noted that no actual
operating data were obtéined for this control measure. Therefore,
the actual cost of this measure for haul trucks may differ
significantlycfrom the estimate given. In addition, because of
the mobile nature of the coal removal operation, this control
measure may not be feasible for‘haul trucks or may have severe
safety reétrictions. |

3} Substitution of covered conveyor systéem for haul

trucks--The use of covered conveyors in place of transporting
coal or other minerals and overburden by truck is an effective
method of dust control, because travel on haul roads is a more

significant source of dust than conveyors.



Although completely enclosed conveyor systems emit
little dust, they have a high initial cost. The design constraints
of the system are the significant variables in the cost of a
conveyor. As an example, cost data obtained from one mine shows.
that the cost per linear foot for an overland CONveyor ranges
from $925 to $1,450.% The cost of covérihg this conveyor is $65
per foot. A range of costs for covering conveyors is reported
to be $40 to $80 per foot in a recent publication. In addition,
the cost of enclosing transfer points is about $3,500 for a
siﬁgle enclosure and up to $20,000 if that enclosure includes a
baghouse.4

Waste disposal—-Waste disposal operations consist of ap-

prdkimately.four-pétential fﬁgitive dust sources. They are
truck léading, héul roads, truck dumping, and leach pad and berm
construction'contfols. The first source, truck loading, has
beeh treated in this section of the document under "Truck loading
operations”. . Hauiuroad dust controls are discussed in Section
2.1.1, "Planﬁ Roadways and Parking Areas". Truck dumping
controls are presaﬁted in Section 2.1.3 under "Material Handling". -
The.only fugitive dust source not previously treated is leach o
pad and berﬁ construction. |

Leach pad and berm construction are activities associated
with the building of waste ponds to hold benefication slurry.
The construction activiiies are essentially an earthmoving
opération. Asua.result, the source of fugitive dust and its
method of contfol are very difficult to define. The literature
did notnaddress control measures_spegific for this"source.:
However, it is expécted thét the samé technique described for

overburden removel may have a potential application.?
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A summary of the control technigues, efficiencies and cost
for fugitive emissions from mineral extraction activities are
presented in Table 2.1.4-90,

Benefits of control measures—-The cdntrol fugitive dust

from mlneral extraction activities does not prOVlde chvious eco-
nomic beneflt to the industry. However, as in the cgse of dust
from plant-;oadWays_and parking_areas.(Section 2.1.1) this

céntrol méy have a few hidden benefits. The majority of the
control measures cited for this section are, in the final analysis,
merely "good” Qpératiné'pro¢edures. Minimizing the disturbed

land and prqperly_handling the_spil and_waste_will_in the long

run insure eésie;:and more successful, costféffécfive land
feclamation-while reducing the particulaté loadin§ of the ambient
air. o | |
The RACM.fo:_mining activities should be selected Qn'a_site
specific basis. However, generally the good operatibnal'précﬁ
tlces appllcable to each of the act1v1t1es should be requlred on

a routlne ba51s.
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2.2 IRON AND STEEL MILLS

An integrated iron and steel mill has three major opéra-
tional areas: coke production, iron production, and steel pro-
duction. Fugitive emission sources, control techniqueé, and RACM
for each of these areas are discussed in the followiné sections.

2.2.1 Coke Manufacturing

2.2.1.1 Process DeSCIiPtiin'z'sff

Coke is the nonvolatile residue from the disfillétion of
coal in the absence of air..$The three processes available for
coal distillation are the beehive process, the bypréduéi pfbcess,
and the form coke process. Since the byprdduct proceés adcounts
for more than 928 percent of the coke producéd, only ﬁhis“proceés
will be discussed. ) |

~The raw coal is pulverized té sizes from 0.006 to 0.125
inches and transferred to prepared coal storage bihs. “Coals
with low, medium or high volatiiities are blended, and oii or
water may be added for control of the density of thé coking coal.
The mixture is then transported to the coal storage bunkers on
the coke oven batteries, (The preheated coal ching process
transfers blended coal to the preheater directly;!

A weighed portion or specific volume pf coal is discharged
- from the coal bunker into a larry car, a véhicle fittes with coal
hoppers that rides on top of the battery on a wiée-géuge railroad
track. The coal is transferred into the ovens ££om the hoppers
through coal-charging ports in the top of the ovens. 1In a coke-

oven battery there may be from 20 to 100 slot ovens arranged
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side-by-side in a row, with common sidewalls. 02ne oven is
charged at a time such that the charges will be staggered through-
out the day.

Aftef charging, lids are placed on the ports for the dura-
tion of'the 15 to 40 hour coking cycle. The shorter cycles are
for productlon of blast furnace coke, and the longer cycles are
for foundry co&e. During a cycle the ovens are maintained at a
temperaturé of approximately 1100°C (2000°F) .  Gases evolved
during the heating are exhausted through flues or standpipes on
each oveh and collected in a 1arge duct that extends the length
of a batteiy'(ﬁhe battery maln). These gases are piped through
_the ma*n to the byproduct recovery plant where coal distillates
such as tar, ﬁlght aromahlc compounds and ammonia are separated
frém the gas stream.' The coke-oven gases leaving the byproduct
recovery piant are used as fuel.

Upon'completién of the coking cycle, doors are removed from
each end of the oven and the ihCandescent'céke is pushed into a
hot~coke car by a lérée ram° The hot-coke car, or guenching car,
trangports the coke to & quenching”tower,'a chimney-like struc-
ture,.ln which the coke is deluged with water. The damp, quen-
ched coke is then dep05ﬂted onto a sloplng wharf where it drains
and cools to a unlform molsture ‘content and temperature. The
coke is then screened lnto three size ranges referred to as
blast-¢urnace coke, nut coke, and breeze, which is the indéersize.
Some plants gx¢nd nut coke to make additional breeze for sintering

operatlons; othe*s sell it for use in the electric smelting of
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alloys.

2 process flow diagram for coke manufacturing is shown in
Figure 2.2.1-1. Sources of fugitive eﬁissions include coal un-
leoading, coal storage, coal conveying and transfer, coal pulver-
izing and screening, charging, coking, Pushing, quenching, and
coke handling.: Each of these potential process fugiti§e parti-
culate_emission séurces is identified in ﬁﬁe Figure. Plént roads,
a dué£f90ur¢é catégory common to all coke manufacturing plants,
are ncg specifically included in Figure 2._2_.1--1, but.are addressed
in Sépfion 2.1,

2.2.1.2 Fugitive Dust Emission Factors

_Tﬁe estimated emission factors for the coke manuiacturing
fugitive particulate sources are.summérized in Téble 2.2.1-1.

Mést of these emission factors are based upon multiple test
data é#d are considered of average reliability (i.e.,a fair
estiméte is possible on a source specific basis).

The emission factors for coal unloading and transfer, con-
veying, pulverizing and screening operations are based upon data
fer crushed rock unldading and handing. These data were adjusted
to account for size and moisture content differences between rock
and coal and to derive more appropriate emission factors for
coal. The reliability of these emission factors is considered
very poor,

The emission factors for coal storage activities are based
upon limited test data and engineering judgment. The reliability

of these emission factors is poor.
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 TABLE 2.2.1-1

FUGITIVE DUST EMISSION FACTORS FOR COKE MANUFACTURING

S,

coke handled

' Reliability :
_ Source Emission factor rating Reference
_(::)_Cca1_un10a¢ing | 0.4 1b/ton coal unloaded £ 4
(::) Coal storage
Loading onto pile 0.08 1b/ton coal loaded D 5
... Vehicular traffic 0.16 1b/ton coal stored D 5
' Loading out 0.10 Tb/ton coal loaded D 5
.. Wind erosion 0.09 1b/ton coal stored D 5
(::) Coal conveying, trans-} 0.04 to 0.96 1b/ton coal E B
fer, pulverizing and ~ processed
... screening S - .
(::) Charging 0.85 1b/ton coal charged C 7
(::)_Cok1ng (doors, off- | 0.51 charged 1b/ton coal D 7
take piping and 1ids) charged
(::)IPush1ng (uncaptured
plume.) _ L . _
Green coke 3.0 to 4.0 Ib/ton coal C 8
— _.charged
Moderate?y green 2.1 1b/ton coal charged C 9
Clean coke. 0.47 1b/ton coal A 7
charged
Coke handling 0.023 to 0.13 1b/ton 10,1
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The emission factors for charging, coking. and pushing were
developed from multiple test data and have a good reliability.

The source of the emission factor for coke handling is
unclear, but it is assigned a very poor reliability rating.
2.2.1.3 Particle Characterization--

Fugitive particulate emissions from coking operations con-
sist basically of coal and coke dust and polveyclic organic
 hydro¢arbons (éondensibles}. Coal dust emissions from stock-
piling, handling and transfer have a mean particulate diameter of
i-10 um.l2

In addition to'emissiﬁhs of ¢oéi and coké'dus;, coke ovens
emit a variety of polféyclié ofganic COmpounds that are carcino-
genic and mutagenic. The amount 0f 6r§anic compounds in the
emissions is greatest during the charging operation and from oven
1eaks.12

Considerable analysis of particle sizes has been dbne for
emissions from the pushing operation. The data shdw thaﬁ fpr
pushing emissions captured by a shed (large particles ihéﬁ
settled under the shed wereMnot inc1uded) the particlé size
distribution was 27-80 percent°€10 um and 15-26 perdentnéz UM,
Cne set of data on emissipns captured by a hood (large pa:ticles
~included) shows ll_pgrcent_tlo'Umzand 4 percent <2.um.12; |
2.2.1.4 Control Methods-- | | - -

Coal unloading operations may be controlled by complete

enclosure with or without venting to a fabric filter or by wet

dust suppression by application of water with or without a
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chemiqai wetting agent.

The coal storage pile emissions”can_be controlled by peri-
odic application of a chemical wetting aéent or plain water, or
by enclosure of the pile. Loading in activities can be con*.
trolled by enclosure, application of water or a wetting agent,
use of telescoping chutes, use of a special stacker or use of a
stone ladder. Load-out activities can be cénﬁrolled by use of an
unde:pile_gonveyor, use of water and/o: chemical éprays, or use
of a_stacker/reclaimer, |

- The coal tragsfer,_conveying, pulverizing and screening
operations can be controlled by use.of eﬁClosed conveyors, usé.of
water and/or chemical sprays, or use of_eﬁclosures ventéd to
fabric filters. .

The control of unloading operatioﬁs, storage piie activi~
ties, and transfer and conveying operations are discussed in
greater detail in Section 2.1. |

Basically two methods are availabie for control of charging
emissions: charging on—the-ﬁa;n/staged charging and closed
pipeline_charging.

Charging consists of drawing therevolved gases into the
battery ﬁain,_and then into the recovery system by a steam
ejector located at the top of the oven ascension pipe. Many
factors influence the perfofmance of this.type of system, which
ranges over a continuum from essentially_uncontrolled to excellent
control. Among these factors are the (1) strength of aspiration;

(2) degree to which oven openings to the atmosphere are kept
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ciosed throughout a charge; (3) use of aspiration at both ends of
the oven; (4) maintenance of a free space at the top of the oven
for the evolved gases to pass freely to the ascension pipesé”(S)
maintenance of a free passage through the ascension pipe; and (6)
control of timing of steps in charging operations. The control
efficiency for the best form.of this system (otaged charging) has
beon estimated as 99+ percent for any specific charge.13
Pipeline charging is a ciosed system. Coal is oharged
through pipes permanentl§ connected to the ovens. Evolved gases
and entrained coal fines aie recovered in a charging main and
recycled to the coal preheater plant. Some potential'for emis-
sions from oven leaks Stlll exists, and emissions from the coal
preheatlng plant (dxscharglng through a stack) should be con-
sidered. | Though operatlng problems have been experienced with
the first installation now in operation, the potent1al oontrol
eff 1c1ency is judged to be 100 percent. 13
Emissions from leaks during ‘the coking oycle can be reduced
by good maintenance, resealing, and soaling practices{ FOr'oﬁén
1ids and luted doors, prompt sealing after they are returned to
position, and reseallng when necessary,ls one of the best tech—'
nlques. Oven door hoods over ind1vxdual doors and a shed over
the coke side of a battery (which is a technlque to capture
pushing emzssxons) also W111 effectlvely capture emlssmons from
doors on that side of the battery. Gas cleaning efficiencies in

excess of 85 percent for door emissions have been achieved with

wet electrostatic précipitators.
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A variety of systemé are in use, under_construction, plah—
ned, or in thé devélopmen£ stage for capture of pushing émis~
sions. Most.of these systems falil intp one of three'roﬁghly
_defined categories; (1) éheds over the cokezside.pf a_battery:
_(2)_en¢losures or hoods on the hot coke car; and (3) bench-
mounted hoods over the hot coke éar.

Sheds are literally a building over the enti:e.coke side of
a battéry. Emissions from the pushing operation are contained in
‘the shed and evacuated through a control device. The capture
efficiency has been estimated in two cases as 91 percent and 85
percent. 12 |

Enclosures on the hot coke car vary in design. All embody
a close—fitting enclosure that minimizes any openings to the
atmosphere. Size and location of these openings and the amount
of draft applied to the enclosure affect capture efficiency..
Although no measurements have been made, visual observations

16'17 Enclosed

indicate capture performance comparable to a shed.
guench cars differ by whether they remain stationary or are
movable during pushing and whether draft is created by fans or
other means.

The third category, hoods,exhibits great variety in design
and performance. Generally, areas open to the atmosphere are
greater than the enclosed cars, and typically the openings are at
the interface between the hood and the car. Large gas volumes

are requirea, although not as large as for a shed. Capture

efficiency varies widely with design and increases when
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larger hoods, greater gas volumes, and smaller cpen areas are
used. Capture efficiency for the better designs (the closest
flttlng hoods with sufficient gas volume) may egual the capture
performance of sheds or enclosed hot coke cars, espec1ally if
operating practices minimize "green" coke.ls’19

The control devices used with the above capture systems are
scrubbers . or wet electrostatic precipitators. Both have demon-
strated better than 98 percent control or reduction of emissions
when installed on a shed. A venturi scrubber has achievéd'99
percent'removal efficiency on hood emissions and can be expected
toApérform equally as well on an enclosed car. The Aronetics wet
scrubber has achieved better than 99 percent collection on fine
ferrcalloy fume and is presently used on at least one enclosed
guench car.20

A factor that affects the performance of any pushing emission
control system is the "greenness" of £he coke pushed. "Green"
coke is wmoke that has not been coked sufficiently due to problems
with heat distribution, quality of the coal, or lengthhbf the
coking time. It has high levels of volatile matter, and will
result in a greater quantity of uncontrolled emissions during a
push, hence a greater load for the control system. Any evaluation
of control system performance should consider this fact.

‘One other significant factor is the emissions from the hot
coke ¢ar as it travels to the guench station after a push. When

a shed is used, these emissions are captured until the car exits

the shed. For enclosed cars and hoods, capture varies with
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design. Those designs where the car is covered and exhausted to
control equipment will control emissions until the car reaches
the guench station. Where no cover is used, the emissions are
uncontrolled once the car moves away from the oven pushed and
until it reaches the guench station.

Table 2.2.1~2 summarizes the available control technologies,

their effectiveness, estimated costs, and RACM selections.

2.2.1.5 Recommended Reasonably Avallable Control Measures . (RACM)*“

The RACM selections for coke manufactur;ng fugltlve em1551on
sources are presented in Table 2.2.1-2.

The selected control technigue for unloading of coal is.a
wet suppréséion system utilizing a chemical wetting agent}for
better dust control. The system gives better control thaﬁ{water
alone, and is less costly than the more efficient appllcatlon of
a fabric fllter. .

Coal storage pile load-in activities can be controlled tc a
high degree by use of a telescopic chute to reduce the free:ﬁall
distance to the pile;supplementea:by a wetiSuppfeésion systeﬁ.
Other activities at the storage piles can best be controlled.by
use of a wet suppression system which gives the highest degree of
control at the lowest cost.

For the coal conveying, transfer, pulverizing, and screéning
activities, the sélected RACM is the use of enclosures. This
cption is the least costly of the available control methods and
is estimated to be 70 percent effective. With application of wet

suppression at the coal pile load out, the emission potential in
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subsequent handling operations will be reduced and enclosure.
should be adeguate control. The enclosure system chosen here
would involve covering the top and sides of Fhe handling and
transfer activities.

The RACM selected for charging of coke ovens is thé ﬁse of.
staged charging while charging "onwthewmaiﬁ.?. Thié ié the 6nly
known effective control technigue which can be applied in retfof_
fit applications. This control method has been specified in.the
Consent Orders for several coke oven batteries in Ohio.

The RACM selected for contrel of fugitive emissions during
the coking cycle is implementation of a door and topside mainten~
ance program. Such a program would consist of prompt sealing of

charging lids, immediate replacement of defective {non-sealing)
rlids, ¢leaning of sealing rings, door jambs, and doors after
every push, careful handling of dooré during removal and reposi-'
tioning, conscientious tightening of door latches, repair and
adjustment or replacement of leaking doors, and maintenance of a
sufficient spare door inventory (8 to 10%)., This program is most
effectiﬁe in reducing coking emissions and has been specified in
the Consent Orders for several Ohic coke oven batteries.

The RACM selected for control of pushing emissions is the
use of an enclosed hot car, vented to an éttacheé control car
with a wet scrubbing system. This technique is effective and the
least costly of the available control measures. Also, it has
been specified as a control method in the Consent Orders men-

tioned previously.
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The recommended control technigue for coke handling emis-
sions is the enclosure of conveyors and transfer points. This
option is effective and economical compared to use of fabric
filters. | |

Haul roads may be a significant source of emissions at a
coke plant. The suggested control techniques for haul roads are
the regular sweeping aﬁa cleaning of ?avéd roads, regular oiling
of unpavéd roads, and paving of heavily used unpaved roads.

These are discussed in detail in Section 2.1.
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APPENDIX FOR SECTION 2.2.1

Avg. coal usage per year at Ohio plants is 1.6 x 106 tpy.

(:) Coal unloading
Emissions = .04 (1.6 x 109 tpy) = 640,000

Enclosure, vent to fabric filter

S (249.6) ...
Capital cost = $100,000 (204.1) — $120,000 (MRI, p. 6-3)
(249.6) e
Annual cost = $32,000  (I92.1) = $42,000

@ 21 000 scfm (I6CIL)

$42,000/yr
c/B = 799 (640,000) - $0.07/1b
Wet suppressiocn (chemical) -
(249.6) _ $37,000

Capital cost = $30,000 (204.1)

$0.02 (1.6 x 10%) + 0.17 (37,000)

Annual cosgt =
= $36,000

. $36,000/yr
c/B = 78 (640,000) = ¥0-07/1b

Enclosure

Railcar dump 40' x 21°' x 30' enclosure

Cost of enclosure plus doors=$2.38/1lb GARD

Mass = 1.2 (5.625 1b/ft2){2(40* x 30') + (21° X 40') +
2(21' x 30')] = 25,000 lbs

Capital cost = $60,000
Annualized = 0.20 (60,000) = $12,000

$12,000/yr _
c/B = <7 (640,000) ~ $0-03/1b

(:) Coal storage

Loading onto piles
Emissions = 128,000 lbs/yr




Enclosure {stone ladder)

Capital cost = $20,000  (204.1) = $25,000

Annual cost = .2 {25,000) = $5,000

$5,000/yr
c/B =. .85 (128,000)

Telescopic chutes

=_$0.05/1b

Capital cost = $9,000
Annual cost = 2,000

$2,000/vr
c/B = .75 (128,000) = $0.02/1b

Wet suppression (chemical)

\D .
o

(249.6) . |
capital cost = $60,000 - (204.1) $73,000 MRI

(249 6)
Annual cost = $24,250 - (Z04.1)

@ 600 tph and 3 000 hpy, NMI

$30 000

$30,000/yxr

c/B = .85 (128,000) = $0. 28/1b
Wind guards.
Capital cost = $37,000
Annual cost = $8,000
$8,000/yr . $0.13/1b

c/B = .5 (128,000)

Loading out
Emissions = 160, 000 lbs/yr

Underplle conveyor

Capital cost = $6,300,000
Annual cost = $l 260,000

¢/B = .8 (160,000)

Wet suppression (chemical)
See loading onto piles

$1,260,000/yr = $9.84/1b

$30,000/yr
C/B = .95 (160,000) ~ $0.19/1b .




Bucket wheel'reciaimer

Capital cost = $4,500,000.
Annual cost = $900,000

$900,000/yr .
C/B = T8 (160,000) = $7-03/1b

Wind erosion
Emissions = 144,000 lbs/yr

Enclosures

Capital cost = ($60/ton) (140,000) = $8,400,000 MRI
Annual cost = 0.2 (8,400,000) = $1,680,000

$1,680,000/yvr

c/B = T.G (144,000) — = $11.67/1b
Wet suppression (chemical)
(249.6) _ : L
Capital cost = $11,000 (204.1) = $14,000 MRI
(.004 + 0, 1) 2
= {120,000 f£t<) (249.6)
Annual cost = { 2 ) (3071
= $10,000
$10,000/yx

C/B = .99 (144,000) = $0.07/1b

Coal conveying, transfer, pulverizing, and screenlng
Emissions = 800,000 1bs/yr

Wet suppression (chemical)

Capital cost = $200,000
Annual cost = $660,000

$660,000/yr o
C/B = .88 (800,000) = $0.94/1b

Enclosure

Assume 1000' of conveyor, 5 transfer .
stations, 1 pulverizer and 1 screening operation.
Capital cost = [5(3,000) + 2 {(3,000) + 35 (1000)]

249.6
X Ezed?fi = $69,000 (MRI)

Annual cost = §$14,000 (2% maintenance)

$14,000/vr
C/B = .70 (800,000) = $0.03/1b




Charging
Agsume Ohio avg. battery size = 340,000 tpy coke
Emissions = 1,360,000 lbs/vr :

Charging on-the-main/staged charging

(249.6)
Capital cost = $400,000 (204.1) _
= $489,000 (Reference 31, p. 4-6)
Annual cost = $390,000 p. 4~10

$390,000/yr
¢/B = .85 (1,360,000}

Pipeline charging
No data

= $0.34/1b

Coking
Emissions = 816,000 lbs/yr

Door and topside maintenance

Capital cost = $0
Annual cost = §739,000

. ¢/B = 785 (8186,000) = $1.07/1b

Hoods, wet ESP
No data

Pushing AR
rmissions = 752,000 lbs/yr (clean coke)

Shed, wet scrubber

From Reference 27, p. 7-7 (cost are for a 823,000 tpy
system at 1975 §) R 0'6.' -

o (340)Y-° (249.6)
Adjusted cost = cost (@ 823,000) {823) (182.4)

Capital cost = $3,669,000
Annual cost = $1,173,000

$1,173,000/yx

c/B = TB8 (752,000) - $1-77/1b
Shed, wet ESP o o
Capital cost = $6,299,000
Annual cost = $1,555,000
$1,555,000/YF  _ <, 35/1p

c/B = .88 (752,000)



Enclosed hot coke car, wet scrubber

Capital cost = $2,617,000
Annual cost = $579,000

$579,000/yr
C/B = .88 (752,000)

Hood, mobile wet scrubber

= $0.88/1b

Capital cost = $1,823,000
Annual cost = $735,000

$735,000/yx
C/B = .88 (752,000)

Hood,. staticnary wet scrubber

= $1.11/1b

Capital cost = $2,924,000
Annual cost = $1,065,000

$1,065,000/yr .
c/B = .88 (752,000) = $1.61/1b

Coke handling
Emissions = .08 (340,000 tpy) = 27,200 1lbs/yvr

Enclosure

"Assume 1000' of conveyor and 4 transfer points

o ' (249.6)
{35 (1,000) + 3,000 (4)] (204.1)
$58,000 (p. 6-3, MRI) .

Capital cost

i

Annual cost = .2 (58,000) = $12:;000

$12,000/yx
c/B = T7 (27,200) = $0-63/1b

Enclosure, vent to fabric filter

. (249.6)
Capital cost = [70 (1,000) + 18,000 (4)] (204.1)
= $174,000 |
Annual cost = 73,000 + .17 (174,000)
= $102,000
$102,000/YE  _ s34

C/B = .89 (27,200)



2.2.2 Iron Production

2.2.2.1 Process Description--

Pig iron is the result of smeltlng 1ron—bear1ng materlals in the
presence of fluxes and a carbonaceous agent, usually coke, in a blast
furnace. About 90 percent of the pig iron produced in the United
States is consumed in making steel; the :emainder is used for iron
and steel castings. Typically a blast furnace in Chio would produce
about 650,000 tons per year of iron. Figures 2.2.2-1 and 2.2.2-2
iliustrate cross sections of a typical blest furnace and e blast
furnace plant with auxiliary equipment, féepeotively,

Fine particles, whether in natural ores or in concentrates, are
undesirable as part of the blast furnaoe feed. The most desirable
size for blast furnace feed is between 0 25 and 1.0 inch. .Of the
numerous methods available for agglomeratlon, 51nter1ng is most often
used in the steel mill.

In the sintering process, a mixture of iron ore fines, iron—
bearing materlals or concentrates, coke fines, and steel plant waste
materials (such as blast furnace flue dust, mill scale, etc.) are
mixed and then spfead on a traveiiné grate. The bed of material on
the grate is ignited on the top by burners fifed with oil, natural
gas or coke-oven gas. As the grate moves-slowly toward the discharge
end, air is pulled down through the bed to support combustlon. As
the coke in the bed burns, the heat generated agglomerates the small
particles. At the discharge end of the machlne, the sinter is crushed
to proper size, then cooled and finally screened In some cases,
limestone fines are also added to the 51nter feed to nroduce a self-
fluxing sinter. This replaces part of the l;mestbne normally charged

into the blast furnace.
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Figure 2.2.2-1. Blast furnace cross section. 3’
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Very little sinter is stored in opeh piles. It is usually
carried directly to bins at the blast furnace where it is weighed
and transferred to the top of the furnace by a skip car hoist or.
by belt conveyor. Coke, raw iron ore and limestone are also
stored in bins at the furnace and are charged in the same manner.

The blast furnace reduces the iron ore and iron-bearing
materials to produce pig iron. - Iron-bearing materials (iron ore, .
sinter, pellets, mill scale, slag, scrap iron), coke and fluxes
(limestone, doliomite, etc.) are charged into the top of the furnace
and referred to as burden. Heated air is blown into the furnace
near its base or hearth line through tuyeres. In some instances
fuel oil or powdered coke is also blown into the bottom. - The
burden descends down the furnace.and the iron ore and irca-bearing
materials are reduced and melted by the countercurrent flow of the
hot reducing gases created by the combustion of coke. Occasionally,
slips may'éccux as the burden descends. Slips occur when a portion
of the burden wedges or bridges in the upper part of the furnace
and a void is created as the material underneath continues to move
downward. The wvoid tends to iqcrease in size until the "bridge"
collapses, causing a sudden drzp of the materials above and a
sudden release of emissions.

Hot metal is tapped from the furnace through a hole or notch and
poured into submarine or torpedo railroad cars for delivery to the
steel~making furnaces."SIag from the blast fﬁrnace is either
tappéd from a higher notch than the hot metal or removed from the

furnace through the iron notch during a cast. The slag
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is guided into runners or troughs and discharge3i into either a
slag pit adjacent to the blast furnace or into a slég thimble for
transport to a slag dump or other disposal area. The slag going
to the slag pit adjacent to the blast furnace can be water-
sprayed or air-cooled and then removed by trucks. Slag granula-
tors are also used fér-processing slag as it flows from the blast
furnace. Processed élag finds use as a £ill material or aggre-
gate.

A process flow diagram for iron production is shown in
Figure 2.2.2-3. .Sources of fugitive emissions in iron production .
inciude the unloading, handling and transfer; and storage of iron
ore and limestone; the handling and transfer, and storage of coke
and blast furnace flue dust; sinter machine operations; sinter.
handling and transfer, ahd storage; blast furnace operations; and
slag handling, crushing and storage. .Each potential
fugitive emission point is identified in the Figure. A common
dust source found at iron-producing facilities, but not specifi-
cally included in the Figure, is plant haul roads. This general
emission category is addressed in Section 2.1.
2.2.2.2 Fugitive Dust Emission Eactors—-:

The estimated emission factors for iron production fugitive
particulate sources as identified above are summarized in Table
2.2.2-1. Most of these emission factors are based upon very
limited testing and/or engineering judgment ané are of poor
reliability. However, some of the major sources have béen tested

to the extent that the developed emission factors have fair to
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TABLE 2.2.2-1

FUGITIVE DUST EMISSIOM FACTORS FOR IRON PRODUCTION

Source

Emission factor

Reliability
rating

Reference

9'@0 @@ ®° @@@

Iron ore unioading .

(ship or rail)

Limestone un1oad1ng
(ship or rail)

Iron ore storage
Loading onto pile
Vehicular traffic
Loading out
Wind erosion

Iron ore handling
and transfer

L1mestone storage
Loading onto pile
Vehicular traffic
Loading out
Wind erosion

L1mestone handling
and transfer

Coke storage
Loading onto pile
Vehicular traffic
Loading out
wind erosion

Coke hand1ing and
transfer -

Blast furnace flue
dust storage

Blast furnace flue
dust handling and
transfer

(continued)

0.02 to 0.03 1b/ton ore

‘unloaded

.03-0.4 1b/ton 11mestone

untoadad

0.21 1b/ton loaded
0.08 1b/ton stored

0.30 1b/ton loaded out
.25 Th/ton stored

2.0 1b/ton handled

.04 1b/ton loaded
.12 1b/ton stored

.10 1b/ton stored

0.0

0.1

0.05 1b/ton loaded out
0.1

0

.8 1b/ton handled

0.02 1b/ton loaded
0.03 1b/ton stored

0.03 1b/ton loaded out

0.008 1h/ton stored

0.11 1b/ton: pig iron

produced -

Neg]igiblei_

0.0371b/ton“f}ue.dust
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Table 2.2.2-1 (continued)

: Reliability .
Source Em1ss1on factor rating Reference
(::) Sinter machine Neg11g1b1e E 9
windbox discharge .
(::) Sinter machine _ 6.8 1b/ton sinter B 10
discharge (breaker
and screens)
(::) Sinter cooler (not 0.32 to 0. 8 1b/ton E 9,11
vented thrua stack] sinter '
Sinter storage
S Loading onto pile | 0.25 1b/ton loaded B 5
Vehicular traffic 0.10 1b/ton stored D 5
Loading out 0.41 1b/ton loaded out D 5
Wind erosion 0.30 1b/ton stored D 5
<::) Sinter handling 0.4 1b/ton sinter E 5
and transfer _
Blast furnace Negligible E 5
charging
(::) Blast furnace 87.0 Ib/s?ip D 10
~ upsets (sTips) .
Blast .furnace 0.3 1b/ton iron pro- B 10
tapping - duced
iron and slag
@ Stag handling 0.02 to 0.1 1b/ton slag C 5
@ Slag storage _ : :
Loading onto pile 0.04 1b/ton Toaded B 3
Vehicular traffic 0.12 1b/ton stored B 3
Loading out 0.05 1b/ton loaded out B 3
Wind erosion 0.03 1b/ton stored - B 3
Stag crushing 2.0 1b/ton crushed A 5

®
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good reliability.

The emission factors for storage activities (including iron
ore, limestone, coke, sinter and slag) are based upon limited
data for similar activifies.ana”engieeerlng judgment. The relia-
blllty of these emission factors would be poor.

Emission factors for iron ore and llmestone unloadlng were
derived using engineering judgment from data on pther materlals.
The reliability of these factors is belieﬁed eo be peor.

The source of the em1831on factor for handllng and transfer
of iron ore is not clearly stated in the referenced source, but
has been given a rellablllty_rat;ng of poor"xndlcat;ng'#hat some
limited data was avallable, e

The emissicon factors for handllng and transfer of llmestone,
coke, sinter, blast furnace flue dust and slag are based on
engineering judgment and have a reliability rating of poor.

The negligible emission factox for blast fuxnece fiﬁe dust
storage is based on the fact tﬁat most plants utiiize alclosed
storage system. The reliability of this emission factor should
be fair.

The emission factors for the sinter machine windbox dis-
charge and cooler are basé@ on_pbservetion and enginee;ing‘jﬁdgw
ment and have a reliability"ratingiofepeof. 'The'emiesien factor
for the sinter machine diSCEarge'éﬁd'screens is'beSed epdn test
data and should have good’ rellablllty. |

Lhe em1551on factors for blast furnace charglng and upsets

were based upon test data and engineering judgment and have fair
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reliability¢ The factor for tapping emissiehs is based upon
limited test data and appears to have good reliability.

The emission factor for slag crushing is based upon data for
stone crushing and should therefore, be consmdered cof poor rella—
bility. | |
2.2 2.3 Particle Cﬁaracterizatioa——

) Fugltlve partlculate emissions from iron productlon consist
ba51cally of coke, llmestone, iron ore dusts and iron ox;des.'
Coke dust emmssmons £rom stockplllng, handllng end transfer have

4

a mean partlculate dlameter of 3- 10 um. leestone dust from

stockpiling, handllng and transfer has a mean partlculate dlameter

of 3-6 um, of whlch 45-7Q percent is less than 5 um.4

Fugitive em1551ons from 51nter1ng consmst mostly of ore dusts

and metal ox;des w1th a mean partlcle dlameter of 48 180 um.3 112,13

Only 1i- 10 percent are less than 5 um.3 )12,13 Exit temperatures
range from 100 to 300°F At the dlscharge end of the sintering
process and durlng coollng, fugltlve iron ox1des emitted have a
mean particle diameter of 48-180 um, of whlch 40_to 80 percent are
less than 100 uﬁ size, and 1€ percent are less.than'é um.3’12'l3
Flfteen +o ninety percent of the fugitive metal fumes, iron
oxides and incandescent particulates expelled durlng blast furnace

4,12
operations and tapping have a mean diameter 1ess than 70 um.

4,12

Exit temperatures range from 3000 to 4000°F. sixty percent of

the emissions from hot metal transfer from the blast furnace to
the steel furnaces have a particle diameter less than 100 um,

with 10 percent less than 5 um in size.'3
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2.2,2.4 Control Methods—-

Fugitive emissions from handlzng and transfer of raw mater-
ials can be controlled by Wet suppre551on, enclosure of the |
operations and by 1mprovements in operatlng parameters and pro-
cedures. For example, conveyor belt systems may be partlally
covered to prevent windblown fugitive emissions or totally
enclosed to prevent all fugitive emissions. Attentive'operating
techniques that preclude oﬁerload of tiansoort.systems and reduce
free fall dlstances from grab buckets and clam shells will also a
reduce fugltlve em1551ons. A more detalled treatment of storage;
handllng and *rensfer sources is glven in Sectlon 2. l.'

Fugitive em1551ons generated durlng 51nter machlne W1ndbox'
discharge can be effectlvely controlled by several methods. ”Wet
suppression by means of applylng a flne water sPray to materlale
as they are dlscharged from the w1ndbox will reduce the genera—
tion of fugitive em1581ons. Mlnlmal free~fall &1stance between
the discharge po;nt and the rece1v1ng system serves to decrease'
the amount of fugzt;ve emissions generated Conflnlng the wind=-
box discharge and receiving systems”will keep fngltlve emissions
from dlsper51ng. ‘The use of a flxed hood constructed around the
discharge or over the recelvmng system w111 effectlvely capture
fugitive emissions Wthh can then be vented to a baghouse.
Normally these fugltlve em1551ons are negllglble. |

Fugitive e@issions from the sinter machine discnarge and

sinter screens may be controlled through confinement by enclosure.
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These emissions result from 1ncomplete collectlon of emigsions by
the primary control device. If the system has primary controls
- of sufficient capaeity, lncrea51ng the exhaust rate may increase
collection efficieney.. However,.thls may require changes such as
a new. fan and motor. Depending on the specific situation, the
redesign of an existing control system may be considered. Pre-
ventive malntenance including repalr and/or replacement of faulty
parts will help allev;ate fugltlve emlsSLOn problems. A flxe&
hood constructed over screenlng operatlons will effectlvely
~ remove the em1551ons from thls source. Fugitive emmss;ons from
the 51nte: cooler can be controlled by eonfining_the cooler and
venting to a mechanical collector or a fabric filter; Wet supF
pressxon may be used for controlllng fugitive emissions from
sinter machlne discharge, screenlng or coollng. However, since
the sinter is very hot durlng these operatlons, the effectlveness
‘may be minimal. Wet suppression is sometimes used on the sinter
as iﬁ comes from the cooler. The application rate must be.61ose1y
regulate&_since the increased moisture content in the sinter will
necessitate higher heat requireﬁents in the blast furnace.
Operating practices and control of raw material quality can
help prevent slips in blast furnaces. Operators of blast furnaces
will often vary the sequence of skip car loa&s (coke, ore, stone,
ete.) in order o minimize slips. Since ﬁo +wo blast furnaces
perform alike, the proper sequence must be determined for each
furnace. Two technigues have been suggested for fugitive emis-

sion control of furnace slips. One suggestion envisions venting
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the bleeder wvalve to ground level into a‘water hot well where
partmculates would settle out as the gases bubbled out. A second
suggestion pertalned to a box over the bleeder valve that is
fitted with baffles to induce the settllng of partlcles, It
should be noted that these two methods may be considered feasible,
5ut are ﬁot known to have been used. |

Tapping of iron and slag can both be controlled by the use
of fixed ox movabie hoods. The choice of a fixed or movable
hood will depend'on spaee limiﬁatiens'as well as related opef«
ations whlch may make one type more desirable. At times beeause
of furnace de81gn, a hood must be placed some dlstance above a
tapplng area. Under such condltlons movable curtalns will aid in
conflnlng and dlrECtlng fugltlve emissions into the hood. Close
covers over iron and slag runners ‘are another way of effecting
fume capture. The control equipment serving the exhaust from
tﬁese o?erations is usually a'baghouse.' |
| Wet suppre351on by means of a water spray,wmth or without
chemlcal addltlves is a potentlal means of controlllng fugltlve
emissions during handling and dnmplng of slag. However, wet
suppressien is limited to.those iﬁsﬁences where the slag is
relatively codl...Generatiehlefhfﬁgiéive emissions during slag
dumplng can be reduced 1f the free-fall distance is kept to a
minimum. Conflnement of the slag dumplng area or installation of
wmnd break walls w1ll help in preventlng the generatlon of wind-
blown fugltlve emissions. If the dumplng area is a relatively

smale area, it may be posszble to 1nsta11 a fixed hood and vent
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fugitive emissions to a baghouse.

Wet suppression during slag.crushing will normally effec~
tively control fugitive emissions. Aiternaﬁe controls includs
use of a fixed hood over the crusher or use of a closed building
with evécuation to a fabric filter.

Table 2.2.2-2 summarizes the available control technologies,
their effectlveness, estimatéa cdsts, and RACM selectlons. |
2.2.2. S Recommended Reasonably Avallable Control Measures (RACM)-W.'

The RACM selectlons for 1ron productlon fugltlve em1551on
sources are presented in Table 2 2 2 2.

The selected control technigue for iron ore unloading is wet
suppression by means_of sprays at the rec31V1ng p01nt. This
method is Effective (80%_c0ntrol) andé economical when qompsred to_
the other controi options. o

The selected control for limestone unloadlng 1s also a wet
suppre551on system. This system would be 1ntegrated w1th the
overalj.control strategy for unloadlng operatlons,_transfer points
and stockplle load-in, w1nd erosion and 1oad»out act1v1t1es.:
Appllcatlon poxnts would be at the recemvxng p01nt, all transfer
points, stock plls loading and unloadlng pomnts, and over the
stockpile. The system is effeciive (95% cdntrol) and the least
costly of the available control options.

Control of load-in emissions from irsn ore stdrage piles is
effectively achieved by use of telescopic chutes_or stone ladders
supplemented by wet suppression. Emissions from wind

erosion, load-out activities and transfer points may be controlled

2-124



(panutjuod)

. 493114
15°¢ eomo,mm p000°LLL £46 CDpAqRS 0) JUBA C2ANSOLOUY Jajsuedl
{1eow3yd) uojssauddns Jaep 271 X X x06 awauwsusuV :o—mmmgnnzm 194 pug m=,»w>:ou 03 SIL]
ge'y | L0092 | ,000° 020§  Bugaagen-
iyt »cac.u zcma.o " g¢olb {1eojuweya) uopssaaddns Jai
{teojmaya) wopssaaddns Jay £6° 66 A A g¢ 06756 a.nsaoug HOLSO0.49. PULK
06 [E2 ecca,qp wcco.QNm 4ol J0A3AUOD OJUO padj AjjARap
{1eojuaya) uopssasddns JaH {z2'1 LK ¥ “ge506708 .ﬁ—nuwemguu.zowmmwugnzm 194 3no Gujpeoq
, 2222 50008 4000° 8 7 gegbl | ssany2 eLgeysnfpy
121 s o 5 v.ucm-mm (1®opwey2). uopssaaddns jan
{eopueyd) uojpssaaddns oy £9°66 000" 291 4000°056 uaa;@n \ 4n50|ou7 safid ojuo Supproy
: L B . afeaoys suojsen}q
€0°0 mamm.wmn .ecoejo»p 256 “{1Rogmayd) =o_mmmsnuww»ww:
00 oamc {9 'g000°812 ebb DpAqR} 0} JU3A- *3JNS0|OUY . 424 5UBAY
{1eojwayo) uwopssauaddns jon 0’0 wgo £t mgo.mu 20l E:»o..u:m w_,_a m.._—:z_ug 840 :o.:e
. : 50°0 Emcc.ow w000* bt . wb6 a—nu»smxuv =o¢mmmgmn=m Y- . .
{Leojueyd) uoyssaaddns 3oy {0°31 . p000* 95t m £000°082° 4L Wit - - SaJansoioul UoLS04e putH
elo- uauofot E@mm €L wib - {1espayd) uojssasddns jop )
9%y uono.oom w00 n0s' o 408 AR R]J34 |BBYM 38ONG
[{1eatuayd) uopssaasddns jay 92'€1 vccc.wmh z .nomc.omm €1 o08 ACABAUOD u”wn ABpUR 3no Bujpeo
1o pl00°2 wH00°6 wSi sa3nyd o*aoummpw»
toyssauddns me . :mmm.Wm Emmw.n . Mwh {1eajuayd) co—mmu.aumm umu
' : ) fLE” 5§ pdRND pujy
uaz pue sajnyo 34doassay $6°0 vaoo § ﬁaeo.mm w08 amsmuem— mnoumv [4ns50)oul aj1d ojue Suypeoy i
v, 3624035 810 so: °
@t (000°5L .auoec.ww £56 .wuu,amguv uoyssaaddns oM
quw {4 044qe} 031 ISNUXD
L . mocc {2 v.mcao.hw ;mm taupod  BuiAE3234 JO 34RSOLIW] {1}ud a0
{1eopueyd) uoissoaddas 3o 80°2 uoao £ 000" 61 wcm Jujod-BujALadsd JO BuNSCLIU3 abueq) Bupproiun suU0JsaLL]
. 421114 O}4qRS. 03 ISnEYXe
02°0 a000° 2l _p00B* 021 pb6 .a:_ua_ UpAROD4 30 BANSOLIUT
80°0 p000° 2L " 5000° 09 g0l .ac_oa BujAja0a4 30 34nS0LOU]
aiqeitear joN q q ghoi 38%0ng pasoijsus 3.—3?2 (L A0
(1eojusyd) uogssauddns gay BL°0 mcoo.mm mcao.mm 208 {LeaLeayd) ‘uojssasddns Jan §. obarg) Buppeojun 840 UOAT( 4
uoE308{3s WY q1/4 32 | BNk jeyide) 9 mw>_am=;manm {o4qu0) S304n0§ snp aapbng
“3H40u8q 1503 wamm— ‘uep) g ‘AuBLaLide
$3S0D [043U0) 1043u03 .

NOILONAOYd NOWI NI SIUN0S WOYd4 SNOISSIWA LSRG JAILIONA 404 SNOILIATAS WOWY

"JHL ONY “SLSOD QNY SIIONIIDIA43 *SIAILYNYILIY TOUINOD JHL 40 AUYWWNS

AT AN AN

2-125



ocm.w.

(panu3uod)

UO|SO4D PUIM

4no fuppeoy

sajd ojuo Bujppuoy
aBpad}s Jdaju)s 9

{%oe3s ¢ ANl
pAjUBA J0U) J3100D 4DFUYS

(sudauds puw Jayeasq)
ab4RyDS|p BUIYITU ADJULS

abagyosip
XOQpuLM SULYDRH JAJULS

Jajsueay pue Bujpuey
JEAP SNl BORUANG 3SViE e

afivdoys
ISP BNRi$ SOBUINS 15BLH

.a"ww:ﬁu. pus Gujipury .&ooo

UOLS043 PUIA

o Buppeoty

ad o..Eo fuypreoq
abea03s %09

20°0 3 w0008 0¢o08 Bujtagey
v0°0 aac 8 oo¢. 04o06 {1eajueya) uojssa.ddns Jay
{1e2jwWayd) uoissaaddns jop Sh'0 - 496656 . 8ANS0O|0u3
, 952 %8 665 |, mo@c.mmm& oe b8 404pAuc) 0ju0 pady mﬁié
{1eogwayD) uojpssaaddns Ja4 b0 8 p «,06-08 { 1eapuayd) uojssaaddns JaH
9300 aom L po%ée o¢aid Sa3nyd m_uﬁmz?ﬁ
¥0°'0 un@oh SU . [,5000°48 a¢506-08 A_uu_smgw, uoyssaaddns 3o4
{ (eopwayd) uojssoaddns 3y 59°0 ooa.mop. ooo 096 of uma,oh u;smaﬁuzw
€070 %oo.m mog.mm 408 . 84nsofouy

49314 Opaqey : 493114 Jhage) 0
0] juan BULpOOY/84NSOoul 20°0 q4 a9 wmm JudA *Bujpooy 40 SunSo |
] 93|k Oh4qR) O
J331§4 OGRS 20°0 mooo 441 ooo £yt £6b JuBA.. .m_.._m_ao: *0 3RS0 10U
03 uda ‘buppooy/aansoaug 20070 " po00‘s aaa.mw 408 : - @dnsojou3
L043UOT ON 824005 m—ﬁm:muz
S1°ZL | Q000'6 o000° £€ 236 (19o442) coﬁmmognmuwnﬂwz
av'el al00° St £000° 04 pbt uf_aﬁ 3 JuaA @4nse|auy
{1edjwayd) uojssasddns 3ap ged v.aco.v ..uooc.om e04 Anso{oul
{ 043600 O . “82unos .mz_m.:mwz
69°0 2000°25 e000°OLY w56 »Puu*ﬁw;ow :c_mmmgauwmpwmz

. S
( ) ad 5870 - g000" L9 'e000°812 mmm 24dqe) 03 JuBA .wwuww@cw
tesjuRyd} uo|SSILGLNS 8K £2°0 - S000° €L 000°59 - 6L 1oug

: P e _ e

AN 00001 wooo* el w66 23*528 no—mmm,an:m LT
(Ledpuwayd) uojssaaddns jay 0070EL*L ._uouc 9¢v*e | p000*082°L1 w001 N
e 4000’ 0¢ w000 EL w6 Apuu_Ew;UV uoissauddns 308
0L'86 _uoow 006 Ewoc 005t w8 Jawleidad |asyn ja3ong
{Leofweyd} uojssasddns Jap 00°00€ p000°9EL 2 | dO0D*08S°EL 08 Joksaucd ai3d 4apuf
GE°0 0002 w000°6 w9l sajnyo ajdodsaial
92°§ woma 0g w000 €L -7 A_uu_aszV uojssasdins 354
{ 1eojuayd) uojssadddns 8t cmoo Fi w000" L€ Mk spaenb puiM
jeM *sa3AyD DpdodsaLa) 280 como.m 2000752 08 (s4appe| 2u03s) aansodul

H0§30918S WovY ﬁ_:w paZljenuuy —mu—nmu. % mwb—.«mc«.mmmm Pﬂwzou

‘114889 350} {0861 “uer) § ‘Aouajoliie
§3500 {043U0) {043U0]

5304008 3snp a6y

s ratreert e
e

: (penuiijuod) g-g'g'g 17



(ponut3uod)

vt

483144 opaqey *Buppooy

(panuiiu0d) g-2°2°¢ 11uvl

2-127

(182 }u0143) uoyssasddns oM 00 | ndonislt JuybooceLe 4% i
4 000° Wy 308 upjssaaddns 3o m:-g«:gu.ma—m.muuv .
60°0 009'z 00046 ’
. 10097 M . a+508 fugsa3eR
{leojweyd) uoissadddns 33y wmm aomo»m zcoo._w ¢.umm g6 (192p1242) wojssatddas 190
- 24NSs 150
{ 1eojwayd) uogssadddns jay GlL'o 98 @a o p .e..: o..—.uzm. Hopsom P
_ w.umm;am {1edopwayd) yolssaaddns Jap 300 Bujpeon)
* [ . . . : .
{1eojuayo) uopssaaddns yop mm.w uﬁmwm.wwﬁ uomwm”wwm 04506-08 (180}uay0) uojsSauddns Jay o S :
. p 2000 09466704 SAnsoLou3z sa|id oguo Bujpeoy
h S o : abeaoys beg 9
L + £ ] * - BRI L - _
{o43uad oy 665 HOOD. S0 Tuydo0,che’s 336 J2GgnUds I3 *6utpooy _ o
: m. uvam uo}ssaaddns ums Buy tpuvy bwis 9
) AGF s ‘ Ce - J
oy oL e 1L | 44000742971 1¢(000°6L4%S 456 a44q93 “uoy3IEHS BulpLing
03 $46no.Y pue 9572 . . ) Ja3itd dtaqed
"t anisimons S L ooz pmeie | g6 e, S SRR (coyssien ooy 3300
1ag 59°6 ot ¢ ras : ! 0y . SUo4SS|UB BSNOY 35UD)
9 mﬁaaa G6t¢1 .g;mac 'y mmw sybnoag pue sajoy dey Bujpooy Buyddey wuucssu‘umu_w Auw
66 : BA BA
mm .mmh uRa R ABpRBLG JO BJASC{OUD mmww»mm
SLEMOIII MEL 40 04302 6 o8 65 umoqun ITeM 03 FALEA ;wvaawa—”mny
pue sanpyoesd Bupiesady . N S|Ejdajeul MRl JO
o 111 wmaz .m:ez unoujun  JLo4juod pue saoj3aedd uojjviadg s3asdn cua:as%uMMwa AHHV
— .»H:OU Oz : . : RN o -
‘ . . 224005 - 81q} 6§ | bay fupbaryo aoseuans seiq e
€170 000 4E 2000°54 296 © {1edjueys) uogssaiddns o
‘0 ‘ - . s AT LES
(Leatwsys) uogssaaddns oy Mw.m mmww.mm ammw.wwm 2y e 03 A i
B . p 50004 0l | 24n50]0u3 J4035uva3 pur Bujpuey Jajuls AWMV
W ) qL /% pazl i enuuy |83 jde) q mm>_uq=3aa ¥ 1047WC ,
3140039 1503 {6861 “uer) § ‘Aouajolsse 18 104300 S9D4N0S 3SNp 2413 BN
$3502 {04qU0) [URRTH )



.mw_a*w—uum.umc Bugpeoy pue uj Buppeol jo LoJquod pug ndybnoays y/uoy 051 uo paseg 2z oususyey

- SuoL} wuwn.n

“JUBUISSAUL (0303 Jo Juaddad (2 je sabueyd {ejpden snid 9L eduUDLdSey »
. . . : Q€. 99UBLIS0Y o

.Au*uwnwu“Pm~mE 304 JA/uoy 000°09/ UO pIseq 'GE PIUBAIIY "
.au»mmnau.—uuwe 304 4£/u0l 0D0°09L U0 paseq “pE Dousasiey Wy

. ‘BLQEL}RAR BIEP 350D ON 66

‘paL03s U0y ODOLY PUR UO}/GC /4 UG paseg ‘pZ BouUSdDIEY m

‘spanbs sajid o3u0 Guypeol uj papniout S3s0) ®
‘uojpedado 4Ly QOOE U0 paseg ‘gE BduUBLBBY

kP

.mzwmhum pue mm;maum*e SULHOR JIFUES JO |04JUOD YN uwcapos— §350)
'pAIAPOLD JDJULS 3O ukjuoy wo— X 9/°0 UG PBSER  *2C BoUBJRUY
*paonpoad Jajuis 30 4f/fuoy mo— X g0 U0 paseg '|E BauBUs Iy
. *0f 9oiead 8y

,.mu CRITENERE)]

.a:a:mzoggu.»nma.ama SUO03 000°00L 0% pagsnipy ‘gz esusdajay
*§814d ojuo Bupprol JO 24Rs0Ldu3 J0y saanbp) uy papniou} 53509
: .ﬂmxc#muwno« 000'21 pue u03/g [p uo paseg 2z POUBWDLOY
AR LR TET

mcwvmopzz wzoummaw— @0} 34nbL) Y3 uy PEPN{OU) 4R $350)
*pau0ys Su0j Qpo*zl uo paseg /2 oouasasay

*PaJcys suo3 (00°88Z pue U0l /03§ uo paseg -yz @ouaLasay
“PRJ03S SuU0l 'FU0°H8Z pu® uoj /g sp§ U0 paseg -2 souedsiay

. . *97 BoUBLBSEY

‘uoj3eaedo JL/y QOOE pu® Y/Suoy QD9 uc paseg g7 BoURUAIAY

: : : *$Z eauBIBjAY

. . . ruojpessdo ahfy oacm o pasey ‘gz 9DUBIRIRY

A8 SUTAY ncm gso,mmop pue zﬂwuaom ?L1dy00gs .m:-vmo~== 30 go43u0d uo pasug -2z aousasyay
12 9oudJdaysy

‘0z aJuP oy

‘6] 9ouBUBBY

*gi sdudaBiaYy

*pelRN}}s]

: . tuopyedsdo af/y QOOE U0 paseg v/ 8ouUSJBJaY

T peypden ya wcm wm safdeyd {e3jdes pue adueuajujenm ALus Sapniouj
*SANSO[IUB 12935 BY (| UC PaSed 'O} 8IUB.BIAY

*$3500 UO DR} [RAR BIBD O °Gi Q0uUAUSjOY

‘$I BauBUajBY

99

[-}
-3

LU T Qe DL e o e BOSO @ TR e 3> E X b N

. (penutjuod) g-z'2'z 318Vl

2-128



by wet suppression as a least expensivé alternative, but one which
still provides good control efficiency (95%). The coke storage
and handling/transfer emissions can alsc be effectively controlled
by the same techniques (i.e., stone ladders or telescopic chutes
and wet suppression). '

No contrel is recommended fqr blast furnace flue dust storage
since this is an enclosed operation. Applicatioﬁ of wet sprays at
transfer points, however, is recommended.

No control of the sinter machine windbox dischafge is selected

since thig is a negligible source.?

Sinter screens and coolers
are usually controlled as point sources. However significant
emissions may occur if the processes are not hooded properly for
good capture efficiency. The recommecded control technique is the
proper hooding and venting of these operations ta a fabric filter.
The control recommended for sinter storage pile activities is
wet suppression since it is effective (80-90% control) and not as
costly as most bther options. Application would occur at the
load~-in point, Ehe loadwout point and over the entire stockpile.
Control of sinter hapdllng and transfer can be accomplished
by use of a wet supnrea51on system w1th sprays at transfer points.
\o cont*ol 1s recommended for blast furnace charglng smnce
thls is a negllglble sourcé.s .Blast furnace Sllps can best be
contrqlled by careful oPerat;on of the furnace and by quallty
contfql of the :aw materials. No bﬁhérﬁcontrol 6ption has been

éemonstrated on a blast furnace.
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The RACM selection for fugitive emissions from blast furnace
tapping (cast house emissions) is either hooding the tap holes and
troughs to skimmers and venting to a fabric filter or evacuating
the building to a fabric filter. Although the cost-benefit value
for building evacuation to a fabric'filter was less than that for
hooding the tap holes and trﬁughs to skimmers and venting to a
fabric filte:, it is expected that the cost-benefit will be much
higher at soﬁe facilities due to the larger air volumes reguired
for ventilation. Thergfore, it is antigipated that many of the
affected facilities wiil choose the option of hooding the.tap
holes and troughs to skimmers and venting to a fabric filter.

Control options for slag handling are either inefiective or
very costly, and no control is recbmmended.fcr this relatively
minor source.

Wet suppression is the recommended control technigue for slag
storage and crushingﬂbpe#ationé; _Ap?licaﬁion.pbints wqﬁld'include
the load-in and load-out pbinﬁs,_thé:éhtire_stoxége_pile;_gnd the
inlet ahd outlet of the cruéhér. it is the least costly'of the
effective control options; |

Roads are a majof.soﬁrce of fugitive emissions at iron and
steel mills. The recommended control.techniques are the regular
sweeping and cleaning of paved roads, paving of roads with freguent
traffic, and the regular oiling'or use 6f wet suppression (chemical)
for less traveled, ﬁnpaved.roads. Details oﬁ these control options

and costs are presented in Section 2.1.
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APPENDIX FOR SECTION 2.2.2

Average capacities of Ohio iron produétidn facilities from Aépendix B
of Reference 31 '
Sinter capacity (avg.) = 0.76 % loﬁsfpy'“. :
Blast furnaces capacity (avg.) 1.74 x 10° tpy/plant or
0.65 x 10% tpy/furnace S

Hearth diameter (avg.) = 25'3"
Working volume = 40,460 £t3

Average storage pile amounts from MRI (p. 4-15)

Annual Throughput (10° tons)

Coke 20,000 tons 0.38-
Iron ore pellets 100,000 tons 0.24
Lump iron ore 188,000 tons T 0.62
Ore bedding 15,000 tons _ 0.29
Slag 162,000 tons AR l1.97

Sinter 63,000 tons 0.72
(:) Ircon ore uhioading
Total unloaded = 860,000 tpy . 6
Emissions = (0.25 1b/ton) (0.86 % 10 tpy) = 215,000 lbs/yr

Wet suppression

Capital cost = $37,000 (see Coke) :
Annual operating cost @ $0.03/ton = $25,800
Annualized cost =_$32,000

séz,ooogz;

c/B'= T0.8) (215,000 1bs/ys) = $0.19/1b
Enclosure of receiving point
See Coke g?
12.000/vz = $0.08/1b

C/B = (0.7) (215,000 lbs/vyrx)
Enclosure of receiving point, exhaust to fabric filter

See Coke @ o .
$42,000/yr -
C/B = T0.99) (215,000 ibs/yr) = $0.20/1b

(:) Limestone unloading )
Emissions = (0.24 1b/ton) (12,000 tpy) = 2,880 lbs/vr




©

Enclosure of receiving peint

See Lime {(l) Cption C
$2,000/vr
c/B = (0,5)1{2,880 lbs/yr)

Enclosure of receiving point, exhaust to fabric filter

= $2.08/ib

‘See Lime
$21,008/vr
c/B = (0.99)(2,880 lbs/yr} = $7.37/1b

Wet suppression

See Lime
S$15,700/vx
6.95 (2,8807 + 0.90(480) + 0.%(600) + 0.9(9600)

c/B

H

it

$1.27/1b
Iron ore sco*age

Load-in: < Emissions = (0.21 1b/ton)(0 86 x 10% tpy) = 180,600 lbs/yr

Enclosare {suone ladders) (Re:erence 253}

2as.6) o
Capital cost = $20,000 2 4 1) = $25,000
Annual cost = €.20 (25,000) = $
$5,006/yxr
¢/ = T.8Y(:50,600 1bs/yr) = $0.04/1b

Wind guards ({(Reference 25):

(249.6) -
Capital cost = $30,000 {204.1) < $37,000

Annual cost = 0.2 (37,000) = $7,000

$7.,080/vx e
c/8 = {0.5){180,600 ;bs/yr} = $0.08/1b

Wet suppression {Reference 25)

[ % I
Lo
o

*

[a3}

(249.6) _
Capital cost = $60,000 . (204.1) = */3:000
Annual cost = $24.250 (294_1) = $30,000
' $30,0C0/vr ' *m' '
c/B = T0.75) (180,600 —Tps/eET = $0-22/1p

Telescopic chutes {Reference 25)

Capital cost = $7,000 G
Annual cost = 0.2(%,000) = §

$§2,00C/vx
c/B = (0.75; (185,600 lbs/vy}




Load-out: Emissions = (0.3 1b/ton) {(0.86 x 106 tpy) = 258,000 lbs/yr

Underpile conveyor (Reference 25)

Capital cost = ($47.5/ton) (288,000) = $13,680,000
Annual cost = {0.2)(13,680,000) = $2,736,000 '

$2,736,000/vxr
c/B = (0.8} (258,000 lbs/yr)

Bucket wheel reclaimer {(Reference 25)

= $13.26/1b

(2.2 x 10%) + (5.3 % 10%) (249.6)
Capital cost = E 2 {204.1)

Annual cost = .2(4,500,000) = $300,000

= $4,500,000

$900, 000/yx o |
c/B = T.8) (258,000 1bs/ym) - ** 36/1b

Wet suppression (Reference 25)

™
=9
O
()]

By A ( .6)
Capital cost = $60,000 (F0E. 1) =.%73,000
R (249.6)
Annual cost = $24,250 (304.1) = $30,000 (Reference 26)
230, 000/yr = $0.12/1b

c/B = T.95) (258,000 1bs/yT)
Wind erosion: Emissions = 0.25 (0.86 x 10° tpy) = 215,000 lbs/yr

Enclosures (Reference 25)

Capital cost ($60/ton) (288, 000 tons: stoxed)

$17,280,000

o

Annual cost =_.2(17,280,000) = $3,456,000

$3,456,000/yx _ S
c/B = T.0 (215,000 1bs/yz)  ~ $16-07/1b

Wet suppression

' (249.6)
Capital cost = $11,000 (204.1)

annual cost = $0.051/ft% (150,000 ft2) + 0.17 (14,000)
10,000

= §14,000

$10,000/yx : .
c/B = .99 {215,000 1lbs/yr) = $0.05/lb




<E) iron ore handling and transfer
Emissions = 2(0.86 x 10® tpy) = 1,720,000 lbs/yr

Enclosures

$35/ft of conveyor + $3,000/transfer pt.
Assume 1000 ft of conveyor and 6 transfer stations

(249.6)
(304.1) = $65,000

Annual cost = .2 (65,000) = $13,000

Capital cost = $53,000

$13,000/yr
c/8 = .7 (1,720,000 ibs/yr) = $0.01/1b

Enclosure, vent to fabric filter

$70/ft of conveyor plus’lB,GOO/ffansfer pt.
(249.6)

Capital cost = 178,000 (302.1) T 218,000
Annual cost = $55,000 (ZoaT) - Fel.000
$67,000/vx _
Cc/B = .99 (1,720,000 tpy) = $0.04/1b
Wet suppression ‘
(249.6)

Capital cost = 6($15,000) (204.1) ~ $110,000

Annual cost = 6(.03) (288,000 tons) = $52,000 .

 $52,000/yr A _
c/8 = TB5 (1,720,000 Epy) - $0-03/1b
<§> Limestone storage _ |
Loading in: Emissions = .04 (12,000} = 480 lbs/yr
Enclosure - -
See Lime @
. . 162,000/vx.

C/B = TG (480) ¥ 97 (1zo0y - $98-83/1b
Wet suppression :

See Lime
c/B = $1.27/1b

Addjustable chutes

See Lime

$8,000/vr _
c/8 = T TEY(480 Ibs/yE) — $22-22/1b




Loading out: Emissions = .05 (12,000) = 600 lbs/yr

Wet suppression .

See Lime
c/B = $1.27/1b

Gravity feed onto convevor

See Lime @
114,000/yr o .
c/B = T.8 (600 Ibs/ye) = $237.5/1b

Wind erosion: Emissions = 0.10 (12,000) = 1,200 lbs/yr
Enclosure R o .

See Lime
C/B = $98.83/1b

Wet suppression'

See Lime _
58,000/yr -
c/B = T09 (I,200 TBs/gr) = F7-41/1b
Watering ' i ' o
S'ee Linme @ ‘
2,600/vr

¢/B = 0.5 (1,200 lbs/yx)

Limestone conveying and transfer
Emissions = 9,600 lbs/yr

=.$4,.33/1b

Wet suppression

See Lime
C/B = $1.27/1b

Enclosure, vent to fabric filter

Assume 650°' conveyor and 4 transfer stations
Capital cost = 70 (650) + 18,000 (4) = $117,000
Annual cost = .2 (117,000) = $32,000

$32,000/vr
c/B = 795 (3,600 1Bs/yr) — $3.51/1b

Coke storade
Load-in: Emissions = .02 (0.38 x 10%) = 7,600 lbs/yr

Enclosure (stone ladders)

See iron ore sitorage
$5,000/vr
c/B = 0.8 (7,600 Ibs/yr) = $0.82/1b




Wind guards

See ironore storage
$7,000/vr
c/B = 0.5 (7,600 ibs/yr) = $1.84/1b

Wet suppression

See iron ore storage
$30,000/vxr i
c/B = 0.75 (7,600 lbs/yr) = $5.76/1b

Telescopic chutes

See iron ore storage
$2,000/yxr
C/B = 0.75 (7,600 1ibs/yr)

= $0.35/1

b

Load-out: Emissions = .03 (0.38 x 10%) = $11,400

Under pile conveyor

See iron ore storage
$2,736,000/yr
C/B = 0.8 (11,400 lbs/vr)

Bucket wheel reclaimer

See iron ore storadge S
$900,000/vr
c/B = 0.8 (11,400 lbs/yr) = $98.70_ 

Wet suppression

See iron ore storage
$30,000/vr
C/B = 0.95 (11,400 1lbs/vr)

Wind erosicn: Emissions = .008 {0.38 X 106)

$2.77/1b

Enclosure

See 1ron ore storage

$3,436,000/yr <3 1309/1b

c/B = TI.0 (3,040 1bs/yr)

Wet suppression

See iron ore storage

_$10,000/yr _
c/B = 0.99 (3,040 ibs/yz) = $3-32/1b

Coke handling and transfer 6.

Emissions = 0.1l (0.72 x 10°) = 79,200 lbs/yr

= $300.00/1b

3,040 lbs/vyr



Enclosure

See iron ore :
' ©$13,000/yx - ' :
C/B = .7 (79,200 lbs/vr) = $0.23/1b

Enclosure, vent to fabric filter

See iron ore -
$67,000/vr

c/B = T99 (78,200 Ibs/yr) - *0-85/1b
Wet suppression
See lron ore |
S = $0.69/1b

C/B = 795 (79,200 1Bbs/yT)

Blast furnace flue dust storage
Ko control

‘Blast furnace flue'dust handling and transfer

Emissions = .03(26,000 tpy) = 780 lbs/yr
Enclosure o

Assume 300' of conveyor and 3 transfer pts.

(249.6) - $291000

Capital cost = [35 (300) + 2 (3,000)] (204.1) .

Annual cost =.2 (20, 000) = $4 000

s4, 000/yr""
c/B = .7 (780 1lbs/yr)

Enciosure, vent to fabric filter

= $7 33/1b

(249.6})

Capital cost = [70 (300) + 2 (18,000)] (204.1)
(249.6)
Annual cost = $12,300 . {204.1) T " $15,000
$15,000/yr = _ 42
c/B = 99 (780 Ibs/yT) $19.42/1b
Wet suppression

(249.6) _
Capital cost = 2 (15,000) (Z0a4.1) ~ > 0%

annual cost = .03 (100,000 tons) + (37,000)(.17)

$9 000

59,000 .
¢/B = .95 (780 lbs/yr)

Sinter machine windbox discharge
No control

= $12,15/1b

= $70,000



Sinter machine discharge and screens -
Emissions = 6.8 1b/ton (0.72 x 106 tpy) = 4.9 x 10% ibs/yr
Enclosure |

Assume 70 ft of conveyor and one transfer point

(249.6)
Capital cost = [18,000 +(70}(35)] {204,.1)
= $25,000
Annual cost = .2 (25,000) = $5,000
$5,000/vr wn
c/B = 75 (4.9 x 106 Ibs/yr) ~ — $0.002/1b
Enclosure or hooding, vent to fabric filter
(249 6) _ .
Capital = 17,460.9 (.76 x 10 6)0.199 (557.1) = $343,000
Annual = 14,986 (0.76 x 106)0 199 ( ) = $122,000
$122,000/yr o
c/s = 799 (4.9 x 106) ¥ .99 (403,200) ~ °0-02/%b
Sinter cooler .
Emissions = 0.56 1b/ton (0.72 x 10%) = 403,200 lbs/yr

Enclosure or hooding, vent to fabric filter

Costs lncluded wmth (:)
C/B = $0.02/1b

Enclosure _

see (2
-$5,000/yx. .
C/B = .5 (403,200 lbs/yr)

Sinter storage

= $0.03/1b

Load-in: Emissions = 0.25 (0.72 x 10%) = 180,000 lbs/yr

Enclosure

See Lime_(é) '
- §162,000/yr

c/B = .85 (180,000) + .97 (216,000) $0.45/1b
Wet suppression .
(249.6) _ .
Capital cost = $52,500 (204.1) = $54;090
(249.6) oo
Annual cost = $12,800 (Z04.1) _ $15,700
e = $0.04/1b

¢/B = .85 (180,000) + .85 (295,000)



adjustable chutes
See Lime (;) REEERE
7,500/yr

c/B = .75 (180,000) = $0. 06/lb |
T.0ad-out: Emissions = 0. a1 (0.72 % 106) = 295,000 1bs/yr

Wet suppression

See 1oéd4in
c/B = $0.04/1k

Gravity feed onto conveyor

Capital cost = $47.50 (63, 000) = $2,993,000
Annual cost = .2 (2,993, ¢00) $599 000

$599,000/vyx
¢/B = .8 (295,000}

Wind erosion: Emissions = 0.3 (0.72 X 106) = 216,000 1lbs/yr

= $2.54/1b

Enclosure

See Lime
c/B = $0. 45/lb

Wet suppression

~See Lime (:)

£8,000/yT |
c/B = 9 (31%,000) = $0-04/1b

Watering
See Limeu<£} _ _
32,600 P
c/B = 75 (216,0000 $0.02/1b

sinter handling and transfer ERRCE
Emissions = 0.4 (0.72 % 105) = 288,000 lbs/yr

Enclosure (Reference 15)

(249.6 6)
capital cost = 35 (600) + 3 {3 000) (Z04.1)

annual cost = {(37,000)(.2) = $7,000

= $37,000

$7,000
c/s = TT (2880007 = $0-03/1P




® 6 ®

Enclosure, vent to fabric filter

See Limestone

$38,000/y e 14
c/B = 199 (288,000) %0.13/1b

Wet suppression (Reference 15)

(249.6) _
Capital cost = (15,000)(3) (204.1) ~ *1>°r0%
(249. 6)
Annual cost = .03 (.76 x 106 tons)(204 1) +
.17 (55,000) = $34,000

$34,000/yr
c/B = .94 (288,000) - *0-13/1b

Blast furnace charging
No control

Blast furnace upsets (slips)
No cost data

Blast furnace tapping (cast house emissions)
Emissions = 0.3 (0.72 x 106) = 216,000 lbs/yr

Hooding tap holes and troughs to skimmer, fabric filter

{Reference 31)

127,706 (0.76 x 10° tpy)o -250
$4,611,000

Capital cost

hon

Annual cost = 75,076.6 (0.76 x 109 tpy)0-135
+ 0.17 (4,611, 000) = $1 355,000

$1,355,000/yr

¢/B =. .65 (216,000) = $9.65/lb

Hooding tap holes to runners, fabric filter

Capital cost =
- =87, 313 000

Annual cost = 291,321.4 (0.76 x 105 tpy) 0+ 096
0.17 (7,313,000)

$2,550,000

B4 i

$2,550,000/yx
¢/B = .94 (216,000)

= $12.56/1b

(249.6)
(264.1)

(249.6)
{204.1)

(249.6)

156,588.9 (0.76 x 106 tpy)o .269 (357.1)

(249.6)
(704.1)



Building e

vacuation, fabric f£ilter

. : . 5. sgg (249.8)
capital cost = 1,646.4 (0.76 x 10% tpy)“"?°° (204.1)
= $5,779,000 &
(249.6)
Annual cost = 158.2 (0.76 x 108 tpy)0->9° (204.1)
+ 0.17 (5,779,005)
= $1,627,000
$1,627,000/yr _ _
c/B = T55 (16,0000 T °7-61/1b
Slag handling 6
Emissions = 0.06 (1.27 x 107} = 118,200 lbs/yr
Wet suppression
See (:)
$34,000/vr
c/B = TE(ii8,300) T $0-58/1p
Hooding, wet scrubber
(249.6)
capital cost = 5,287.8 (0.76 X 10%)0-446 (304.71)
= $4,942,000 e
(249.6)
Annual cost = 12,259.9 (0.76 x 106)0-316 (264°1) -
= $1,030,000 |
1,036,000  wn amjve
c/B = 95 (118,200 $¢.17/1b

Slag stora
Load-in:

Enclosure

Jge

rmissions = .04 (1.97 x 108) =

See @;@

C/B

Wet suppre

$162,000/yxr

78,800 1lbs/yx

= TB% (78,800)+ .97 (59,100)

ssion

Sea

c/B

14
§£15,700

= $1.30/1b

‘785 (78,800 + .85 (98,500)

= $0.10/1b



Load-out: Emissions = .05 (1.97 x 10%) = 98,500 lbs/yr

Wet suppression

See
c/B :o. 10/1b

Wind erosion: Emissions = .03 (1.97 x 109)

59,100 lbs/vr

1

Encliosure

see |
C/B = $1.30/1b
Wet suppression

SG@@gD

C/B = .9 (59,1060) = $0.15/1b
Watering
o . -
$2,600/yr '
C/B = .5 (59,100) = $0.09/1b

Slag crushing
Emissions = 2.0 (1.97 x 10%) = 3,940,000 lbs/yr

Wet suppression (Reference 35)

b
s
0
[2)]

( )
Capital cost = 25,316.9 (204.1) = $?l,000
Annual cost = 10,006.7 (204.1) = $12,000
$12,000/yr
c/B = 75 (3,940,000) = $0.01/1b
Hooding, fabric filter (Reference 35}
| - (249.6)
Capital cost = 10,829.9 (760,000)0-226 (304.T)
= $279,000
o L (249.6)
Annual cost = 26,494.3 (760,000)0-057 (204.71)

+ .17 (279,000) = $118,000

$118,000/yr
C/B = .9 (3,940,000}

= $0.03/1b



2.2.3 B8Bteel Manufacture

2.2,.3.1 Process Descriptionl~~

Steel is usually made from scrap steel and/or molten iron
{hot metal). Impurities present in the scrap and pig iron {such
as sulfur and phosphorous) are.reduced with fluxes. The content
of carbon alloys such as manganese or siiicon are adijusted as
necessary. The three main typés of steel-producing furnaces are
electric arc, open hearth and basic oxygen.

Open hearthl-—In the open hearth process for making steel, a

mixtﬁre of scrap steel, fluxes and hot metal is melted in a
shallow rectangular basin or hea?th. The charging machine
places the scrap materials and fluxes in the furnace. The molten
metal is conveyed from the blast furnace by means of a refrac-
tory-iined trough from a ladle into the furnace. Burners are
located at the end walis of the furnace and are alternately used
between heats. Heat for the furnace is supplied by burning fuel
oil, tar—pitch mixtures, coke-oven gas or natural gas. Im~
purities are removed in the slag layer on top of the molten
metal. If oxygen is used, it is injected into the furnace
through the roof to speed the refining process, save fuel, de-
crease tap-to-tap time and increase steel production rates. A
complete cycle (one heat) usually takes about ten hours for
conventional furnaces; but with the use of oxygen lancing or an
oxygen-enriched fuel, the heat time may be reducea to gix hours,

depending on the amount of oxygen introduced. The steel is then
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tapped into a ladle through a port at the rear of the furnace. Typically, in
Ohio, an open hearth furnace would produce 189,000 tons of steel per year.?
(A cross-section of an open hearth furn.ace is shown in Figure

2.2.3-1.) ‘

Basic oxygen'—~Hot metal is delivered to the basic oxygen shop in
submarine ér to.rpedo cars from the blast furnace. The metal is transferred
to a charging ladle at the reladling station where the car and metal are |
weighed in order to charge the proper amount éf hot metal. A crane
transports the molten iron to the steel-making.

The basic oxygen process requires no external source of heat.. A
cylindrical-base, lined furnace with a dished bottom and truncated cone-
shaped top is charged with scrap steel. A transfer ladle adds _mditeﬁ pig
iron to the furnace, and an oxygen lance is lowered into the furnace. The
flow of oxygen st_ri._king the surface of the liquid bath immediately starts
exothermic; reaétions by oxidation of carbon, silicon, manganese and some of
the iron. Fluxes and other additives can be added to the furnace during the
operation through a hood opening.

At the completion of the blow (30-45 minutes), the lance is withdrawn, |
the temperature is read, and a sample of steel withdrawn for chemical
analysis. When the temperature and composition are
satisfactory, the furnace is tilted, the molten steel is transferred into the
ladle atop the transfer car, and alloy composition is adjusted with additives.
The average basic oxygen furnace in Ohio produces 1,450,000 tons of steel
per year.® (A basic oxygen furnace is illustrated in Figure 2.2.3-2.)
| Electric—In an electric arc furnace, the heat is supplied by electrical

energy. With the power turned off, the electrodes
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Figure 2.2.3-1. Cross-section of an open-hearth furnace.
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and roof are swung out of the way. Solid scrap and other components
of the charge (sometimes including hot metal) are placed in the
furnace by means of an overhead crane. Alloying materials are

added as and when required.

After charging is complete, the roof is returned and the
electrodes are lowered. The power ig turned on and the current
passes from the electrodes through the charge. 8Since the arcs melt
the pbrtion of the charge*direct;y'ﬁeneath each electrode, thé
electrodes "bore” thréugh the'sdiié chafge_and the liquid metal
forms a pool on the hearth. Thé'CEaréé.is.ﬁow heated by radiation
from the pool, by heatJfrom“the:arés and bffthe heat generated in
the scrap due to elécﬁriéél resisténqé ﬁo?¢§%x§ﬁt flow. Second and
third charges may £e”§dded to the ﬁeit._ Duxiﬁgfﬁhééé chafges

& Melting continues

considerable fugitivevém;SSions:are evolvgd;
until the charge is coﬁﬁiéteiy_melteéf1ﬁcéﬁposition of the steel is
then adjusted by adding allofs;ﬁgiéﬁiﬁg oxygen into the bath and by
using fluxes to remove impurities. The molten steel is then tapped
into a ladle by tilting the furnace. Cycles or “heats" vary considerablf
depending on ﬁhe type 6f.steél prodﬁced; They range'from 1.5 to 5
hours for carbon steel to 5 to 10 hours for alloy steels. An
electric arc furnace in Ohio averages about 293,000 tons of steeal
output per year.5 (An electric arc furnace is shown in Figure
2.2.3-3.)
the finished sﬁeel from whatever type of furnace, is tapped

into ladles and transported by coverhead crane to a pouring platform

where the steel is either teemed (poured) into a series of
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Figure 2.2.3-3. Cross-section of an electric arc furnace.
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molds or pésses directly to a continuous castiné unit. Before
teéming or casting, the steel may”be vacuum dégaséed to lower the
free gas content of the steel. When teemed into molds, thé
molten steel solidifies to form an ingot. Continuous casting is
a process whereby ﬁhe molten steel is teamed{into.a tundishland
the flow from the tundish is controlled as the molten steei dis~
charges into one or more molds of the continﬁous caStér.. The
solidified steel is withdrawn from the bottom of the molds as a
cbntihﬁous stran& andISuBseQuentiy cut to desired lengths as the
casting continues. | | | N

After the iﬁgbts'are cool,'thef are stripped from the molds
and transferred to a heatiﬁg furnace (called a soaking'pit) where
the temperature of the ingot is raised and équélized to soften
the steel for rolling on the primary rolling mills. The products
of the primary mills, known as the semifinished pioducts, are
called blooms, slabs and billets.

Surface defects are removed in a process called secarfing, and
may be done eithér'by hand or médhaniﬁally. The mechanical hot
scarfer is installed directly in the mill line and is composed of
a number of scarfing torches (oxyacetylene). The machine is
aésigned to remove a thin layer (one-eighth inch or less) of
metal from all four sides of red-hot steel billets, blooms or
slabs as they exavel through the machine. Scarfing is also done
manually in some mills, and usually the matexrial to be scarfed is
cold. Prior to rolling, the material must be reheated in a

horizontal furnace.
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Slabs may be further processed into<p1atés or coils. The
coils are usually:processed in the sheet and tin mills. Oxides
and.scale ar§.¢hemically removed from the surface 6f the metal by
pickling. The conventional facility for pickling strip is a
horizontal continuous line of equipment consisting of a tank or
tanks divided into separxate sections for pickling, washing, etc.,
with uncoiling and Welding equipment on the entry end and rewind
and shearing equipment on the exit end.

After pickling, the coils in the sheet and tin mills may
receive one o£ many treatments.__These include cold reduction,
batch or continuocus annealing, tempering, tiq plgting, galvaniz-
ing, tin-free coating, chroming, slitting, leveling, shearing,
etc. quoms and billets are processed into st;uctural_shapes,
tubes, bars, rebars and wire.

| A process flow diagram for stgel production is shown in
Figure 2.2,3-4. Bources gf fugiti#e emissions include scrap
steel handling operations, flux material hapdling_operations, hot
metal reladling, basic oxygen furnace operations, opén hearth
_ furnace operations, e}ectxig arc furngce ope:ations, ingot qastw
ing, steel reladiing and scarfing. Each potential process
fugitive emission point is identified in the Figure. A dust
source common to all_steelfprodugigg facilities, but not specif-
ically included in thg_?igg:e is plan;_haul roads. Haul roads

are addressed in Section 2.1.
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2.2.3.2 PFugitive Dust Emission Factors—-

The estimated emission factors for steel manufacturing
fugitive emissions are summarized in Table 2.2.3-1. Most of these
emission factors are based on test data and are considered of fair
to very good reliability for site specific estimateé.

The source of the emission factors for scrap steel -and flux
material handling 9perations is unclear, and these facters should
bé considered of p¢oi reliability. |

The emission factor for molten pig iron transfer to charging
ladles is based upon é tests and is of very good reliability.

The emission factbxs for basic oxygen furnace operations are
based upon 39 tests, and thé reliability of these factors is good
_tc‘ve;j_good; .

' The.émission factor for open hearth furnace operations is
based upon 28 measuremeﬁts,}and the reliability should'ﬁe con-
:éidered ag fair. | |

The emission factor fof electric arc furnace operations is
bgsed upon 2 tests, and the reliability should Se considered as
fair.
) The emission factors for continuous casting and conventional
ﬁﬁéeming and molten steel'rélééling are basea'on 9 tests and
‘should be considered of very good reliability.

No emission factor was ‘available for hand scarfing.
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TABLE 2.2.3-1. FUGITIVE DUST EMISSION FACTORS FOR STEEL MANUFACTURING

Reliability

Scarfing (hand)

steel
NA

NA = Not available.

2-141
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Sourcé Emission fééfdr rating Reference
(1> scrap steel unloading | Negligible E 6
- transfer, and storage |
(::).Ore“and-flux_materiai_ - Negligible E 6
unloading, transfer,
: and storage -
(:) Molten pig iron _ 0.19 1b/ton hot metal A 7
transfer to charge
ladles.
Basic oxygen furnace - | 0.5 1b/ton steel B 7
roof monitor (total)
Charging (at source) | 0.6 1b/ton hot metal A 7
Leakage Negligible ' E 4
. Tapping ~ steel 0.92 1b/ton steel A 7
and slag {at source} | tapped '
@ Open hearth furnace - | 0.168 1b/ton steel c 8
roof monitor (total, N o
including charging
_and tapping)
(:) Electric arc furnace - | 1.2 1b/ton steel C 7
roof monitor (total,
including charging,
tapping, and slagging)
(:) Molten steel 0.81 1b/ton leaded steel A 8
reladling 0.07_1b/ton unleaded A 8
steel
Continuous casting/ 0.81 1b/ton leaded steel A 8
conventional teeming | 0.07 1b/ton unleaded A 8



2.2.3.3 Particle Characterization--
Fugitive particulate emissions from steel production consist
basically of iron oxide fume. According to the American Con-

ference of Govermmental Industrial Hygienists the level at which

1ron Oxlde fumes could produce human health effects is 5 mg/m3.9

Emissions from a Basic Oxygen Furnace (BOF) may have exit
_temperaturés of 560-3000°F,but this temperature quickly decreases.

Fugxtmve emissions have a mean diameter of 0 5 um,of Whlch 85-99

percent are less than 5 um.lo 11 12 Fugltlve hot metal charging

fumes from the BOF process are 35 percent iron oxide and 30

10,11,12 pygitive tapping fumes are 75

percent iron oxide and are less than 10 ums;of;l'lgikFuQitiVe hot

percent kish (graphite).

metal reladling fumes are 55 percent iron oxides less thén 3 um
i0,1L,12 Fuqitive
10 11,12

and 42 percent graphite greater than 75 um.
emissions from slagglng are usually less than 100 um
Fugitive particulate em;ssmgn ﬁrom the open hearth furnace
process may have exit tempe;gturgg of 460—1800°F_whichualso
gquickly cool before dispersing. Such fngitive emiSSiQnélfrom an 80
foot height above the release point will have a vertical velocity

10,12

of 175 fpm and a temperature of 52°F above ambient.” '™  The

fugitive particulate emissions have a mean”diameter'df'O.B—S.O Hm,
of which 50-99 percent are less than 3 um.lc r12

Fugitive particulate emissions from an electric arc furnace
process may have exit tgmperayures'qf 100053000fF'but_quickly
cool before dispersing. Such_fugiti%e émissions_at”q:so to 137 foot

height will have a vertical velocity of 206 to -500-fpm and a
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temperature in the range of ambient to 80°F above ambient.lo'13

The fugitive particulate emissions have a mean diameter of 0.3-5
um (1.3 um average), of which 59~99 percent are less than 5 um.lg’l3
Fugitive emissions from scarfing are usually less than 2 um

and have an exit temperature of about 42°F above ambient.lz'14

2.2. 3 4 ~Control Methods——

Fugltlve em1551ons from hot metal or molten steel reladllng
can be effectlvely controlled by a closewflttlng, retractable
ladle hood and a control dev;ce.: For example, in one 1nstance
reladling for a 320 ton capaclty furnace 15 controlled by a
125,000 acfm ladle hood. and hlgh energy-scrubber. In comparison,
canopy or 1ocal hoods to control the same reladllng station would
_requlre a 300 000 actm flow,ls ' '

For the BOF shop, once_the.emissions escape and disperse
within the building they_éecome.difficﬁlt to capture, and the only
effective ﬁeans.necessitates building evacuation. While this may
be a preferred alternative from an operational. viewpoint, and
because of near complete capture of emissions, the disadvantages
are the high ventilation rate and larger control equipment size
required together with higher costs. Flow rates for such a

14

system would be in excess of 995,000 acfm. An alternative to

building evacuation is complete enclosure of the furnace and
tapping areas to control charging, tapping, ladle alloy addi-
tions and slagging. Furnace enclésures with drafts 'oﬁ'abw
proximately 350,000 acfm are currently operating effectively.4
(Figure 2.2.3~5 jllustrates a BOF total evacﬁation system.)
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During Slagging &
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Figure 2.2.3-5. BOF total furnace enclosure system.>®
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Other control techniques for BOF shops include local or cénopy
hooding of the individual emission points. Secondary hoods can be
used to contrel charging and tapping emissions. The collected emissions
can be ducted to an existing or to a new collecting device. Many
steel mills are redesigning and modifying existing systems rather
than installing new facilities. Additional ductwork, larger air
movers, and hooding changes are the main alterations to improve
capture efficiency. "Puffing" emissions from the BOF during oxygen
lancing wi11 th occur if adequate draft is maintained. Similarly,
the captufe'of chaxging.emissions is enhanced by use of a "jaw”
damper that 1ncreases draft at the charging alsle side of the main
exhaust hood. (A BOF canopy hood system 1is shown in Figure 2.2.3-6.)

To contrel open hearth furnaces, complete or partlal bulldlng
evacuation is possible, but like the BOF shop, would requ_rc a very
large airflow rate. Such a system would control all emission points
to some degree. Cancopy or local hooding of the charging doors and
tapping area is an alternative and could be used to control furnace
leaks as well., These hoods could be ducted to an existing control
device or to separate systems.

Another contrel option for open hearth furnace fugltlve emissions
is operating precautions. Such precautions include computerization
of checker reversals to optimize combustion, and the installation of
pressure.sensing devices for maintenance of a negative pressure
environment in the furnace.

There are several control options for electric furnace melt
shops. These include: |

1. local hoods above the furnace, .

2. roof or canopy hoods, and “?Wﬁ%wﬁéé

3. building evacuation.

Each of these systems has advantages and disadvantages. Local
and roof or canopy hoods can control charging and tapping
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{275,000 sefm} | ] ,(]27,500«&5 @
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Figure 2.2.3-6. BOF canopy hood syst_em.37
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emissions but must be located so as to not interfere with normal

16,17,18

operations. Building evacuation can capture all fugitive

emissions but at the expense of moving large volumes of air thfough
larger size control equipment. Several electric furnace shops
exhaust over 1 million_ft3/min. One installation handles 1.6
million £t3/min at'aTcapital cost of over $10 million.l8/19
Generally, flow rates for building evacuation range from about 3000

to 4000 scfm per ton of furnace capacity.l3

(Figure 2.2.3-7 depicts
a building evacuation system on'an_electriQVfurnace.)

A common control system is the use of both direé£ furnace
evacuation'and-canopy:hoods.ls?iarzo In designing £he system, the
canopy ﬁbod.shouid be éositionéa as close above the source as
possiblé without interfering wiﬁh crane or other furnace tending
operatiéns. .Thirty to forty feet between the furnace and the
canopy is often necessary. Sheét metal partiﬁions can be installed
on threé'Sides of the furnace to contain emissions and create a
chimney effect. Flow rates are appioximétely 1,500 to 4,000 scfm
per ton of furnace capacity. (Figure 2.2.3~8 shows an electric
furnace canopy hood system.)

When a system such as direct shell evacuation is not used to.
capture emissions during melting and refining, canopy hoods alone
may not be adequate and building evacuation ﬁay be necessary.

A promising capture technique is to enclose the furnace and
evacuate the enclosure. This contains all emissions within the
enclosu:e and accordihgly requires less exhaust volume than for
total building evacuation.

Building evacuation systems are estimated to achieve nearly

100 percent capture of the emissions from electric arc furnaces.
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Figure 2.2.3-7. Electric furnace building evacuation system.
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A baghouse will collect 95 percent of the emissions. Canopy hoods
have been estimated to capture 50 to 90 percenf of the fugitive
emissions from charging and tapping.21 This estimate is based on
judgment from visual observations:; and, consegquently, the rangé is
wide. The efficiency will also vary between specific installations
and from day to day for a given installation due. to factors su&h as
+he volume of the emission plume, manner of furnace operation and
cross drafts in the building.

Fugitive hand scarfing emissions c¢an be captured by hooding
and ductlng to either a scrubber,:of fabric filter.

Continuous casting can be controlled by fixed or movable hoods
dependlng on space limitation and cperatlng procedures. Building
evacuatlon is an alternative but agaln requlres large air flows.

It is estlmated that a flow rate of 500 0060 acfm is requlred for

each pouring alslef. In addltlonr careful control of pour temperature
can help curtail’évolﬁtiOn of”fugitiVe emissions; However,IPOur
temperature is an lmportant metallurglcal parameter and can not
always be manlpuiated tO-reduce emzssxons. Where possible the use

of mold release materlals that contaln little or no cils and other
volatlles will also help prevent the generatlon of fugltlve emlsSLOns.
Conventional teeming operatlons are elther uncontrolled or are
inadvertently captured at steel manufacturlng operations employiné
building evacuation control systems:f*f’ |

The available control teChniques,“their effectiveness, esfi?

"mated cdsts, and RACM selections are summarized in Table 2.2.3-2. .
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2.2.3.5 Recommended Reasonably Available Control Measures (RACM)--

The RACM selectmons for steel manufacturlng fugltlve emxssxon
sources are presented in Table 2.2.3-2. | | |

No controls are suggested for the scrap steel and flux materlal
unloading, tranefer and storage operatlons since these sources are
very minor. |

The control recommended for the transfer of molten pig iron to
charge ladles is hooalng the transfer area and collectlng the
em1531one in a fabrlc fllter. h |

| fhe.selected RACﬁ fot'nasic oxygen furnace charging, leaking
and tapplng emissions is the installation of local hoods that are
vented to the exlstlng prlmary control dev1ce for the furnace. This
option presents the most reasonable coet of the three control
technlques avallable and is more easmly 1mplemented than the other
alternatives. If the capac1ty of the ex1st1ng control devmce is
1nadequate, a new dev1ce may be requlred.. However, thls should also
be less expen31ve than full enclosure of the furnace, although no
cost data is available. -

The RACM selected for open hearth furnace charging, leaking and
tapping is operating precautions which consist of automating checker
reversals and installing pressure sensors to maintain a negative
pressure within the furnace. This should adequately control furnace
leaks and provide some degree of control over charging emissions.
Tapping emissions would be uncontrolled under this control option.
This control method was selected because none of the other alternatives
was deemed to be cost-effective, and such precautions are to be

employed at one major Ohio open hearth furnace operation.
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The RACM selected for electric arc furnace charging, leaking
and tapping emigssions is direct furnace evacuation to a fabric
filter. This option offeis very good control (90%) in addition to
being the 1east expensive of the available control options.

The control recommended for the molten steel reladllng station
or continoous casting operatlons for leaded steels is hooding to a
fabric filter. No control is recommended for these sources where
unleaded steel is handled sxnce the emissions are less, and other
controls are not cost effective. . No control is also reodmmendeé for
_conventional teeming_due primaxily to the ;nfeeslblllty of installing
controls on such operations. | | o | -

The RACM recommenaed for fugltlve em;sslons from hand scarfmng
is hooding and local exhaust to control devmce such as a wet or dry
electrostatlc precipitator, fabrlc filter or wet scrubber. However,
this RACM selection is only for those operations Whlch perform hand
scarfing ex_tens:._vely° For those operatlons Wthh perform hand
scarfing infrequently (not on a regular productlon ba31s), 1nstallat10n

of such controls will not be cost~effect1ve, and, therefore, no

control is warranted.
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APPENDIX FOR SECTION 2.2.3

189,000 tpy
1,450,000 tpy
293,000 tpy

Average OHF capacity in Ohio
" BOF 1 " "
" E AF " . "w

[N I

(:) Scrap steel unloading, transfer, and storage
No control

<:> Flux materlal unloading, transfer and storage
No control

(:) Molten pig iron transfer to charge ladles

Hooding, fabric filter (Reference 22)

Average process size = 600,000 tpy (avg. of OHF, BOF
and EAF capacities) _
Emissions = 0.19 (600,000) = 114,000 lbs/yr

(249.6)
39,837.9 (189,000)° 246 (397.1)
$968,000

Capital cost

( )
Annual cost = 15,910.3 (189, 000)0 -162 (
+ .17 (968, 000) = $304,000

-!--I\.J

$304,000,/vr
‘c/B = 798 (114,000) = $2.72/1b

 <:)”:'Bas1c oxygen furnace (charglng, 1eak1ng, tapplng)
: : Emissions = 0.5 (1,450,000) = 725,000 1bs/yr

Building evacuation, fabrlc filter (Reference 25} |

T S SRR _ (249 6)
Capital cost = §$7, 713 000 (EEE‘T)
| o j# $9 132, ooo R
(249.6)
annual cost = 1,243,600 (56211}_+.,17_(9,432,000)
S S = $3,124, 000

$3,124,000/yr
¢/B = 795 (125,000) 34 35/lb

Charging / tapping emissions = 1.52 (1,450, ooo; = 2, 204 000 lbs/yr



Furnace éncldéure, fabric filter {Reference 27)

) (249.6)
Capital cost = 8,578.1 (1,450,000)0-443 (204 1)
: = 35,627,000
{249,6)
Annual cost = 536.9 (1,450,000)0- 467 (2064.1)
+ .17 (5,627,000) :
= $1,452,000

C/B = .92 (2,204,000)
Local hoods, vent tb'existing furnace control device (Reference 27)

. coc  (249.6)
Capital cost = 163.8 (1,450, 000)0 06 (304.1)
' = $1,085,000 e :
(249.6)

Annual cost = 1,559.4 (1,450, 000)0 -283  (3p94.1)

+ .17 (1,085, 000)
$2990,000

il

$290,000/yr
c/B = 16 (2,204,000

Open hearth furnace (charging, tapping, leaking)
Emissions = 0.168 (189,000) = 32,000 1bs/yr

= $0.22/1b

Building evacuation, fabric filter

See BOF Vo
$3,124,000/vyr
C/B = .99 (32,000)

Furnace enclosure, fabric filter

~ $98.61/1b

See BOF ,
" $1,452,000/yx L
¢/B = .92 (32,000) = $49.32/1b

Local hooding, vent to existing furnace control device

See BOF

$290,000/yr -
c/B = 60 (32,000 - $15.10/1b

Electric arc furnace (charglng, leaking, tapplng)
Emissions = 1.2 (293,000) = 352,000 1lbs/yr




Building evacuation, fabric filter (Reference 27)

(249.6)
Capital cost = 11,932.0 (293, 000)0 514- (204.71)
= $9,421,000 |
| : 0.581 (249.6)
Annual cost = 905.7 (293,000) " (204.1)
+ 0.17 (9,421,000)
= $3,264,000
$3,264,000/yr
c/B = T99 (352,000) ~ = $9.37/1b
Canopy hoods, fabric filter (Reference 27)
o - 6 g3 (249.6)
Capital cost = 1,438.9 (293,000)0-843  (304.D)
- = $5,763,000 -
o - | 0.708  (249.6)
Annual cost = 106.3 (293,000)7° " (204.1)
+ .17 (5,763,000)
| = $1,957,000
$1,957,000/yr_ .. -
c/B = 797 (352,000) = $5.73/1b
Furnace evacuation, fabric filter (Reference 27)
0.783  (242.8)
Capital cost = 95.5 (2983,000) o ( )
= $2,228,000
: i (249.6)
Annual cost = 22.7 (293,000)0-77 (204.1)

i+ 0

0.17 (2,228,000)
'$846,000 -

: $846,000/yr
c/B = .9 (352,000}

Molten steel reladling
Emissions (leaded) = 0. 81 (600, 000) = 486,000 lbs/yr

= $2.67/1b

Hooding, fabrlc f;lter

See (:)

$304,000/vr
¢/B = 798 (48,0007 - $0-64/1b

Emissions (unleaded) = 0.07 (soo 000) = 42,000 1lbs/yr




Hooding, fabric filter

See
$304,000/yr
C/B = .98 (42,000)

Continuous casting

= $7.39/1b

Emissions (leaded) = 486,000 lbs/yr
Emissions (unleaded) = 42,000 lbs/yr

Hooding, fabric filter (Reference 30)

Capital cost

it

$2,476,000

Annual cost = 226,810.3 (511,500)

+ .17 (2,476,000) = $750,000

$750,000/yr . ¢3.68/1b

C/B (leaded) = .92 (486,000)

$750,000/yxr _ $19.40/1b

C/B (unleaded) = .92 (42,000)

(:) Scarfing
No data

(249.6)

1,457,337 (511,500)0:025 (357 1)

(249.6)
(204.1)
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