2.3 LIME PLANTS

2.3.1 ProceSS'DeécriQtionl

Lime (Ca0 oﬁ Ca0*Mg0) is_manufactﬁ;ed by calcining limestone
(CéCO3 or CaCOB'MgCO3) to release carbon.dioxide. Three grades
of limestone are uged in lime_manufacture: high calecium or
calcite where the'magnesium cérbonate content is less than 5
percent; maghesiﬁm.limestone where”magnesium‘carbbﬁate is 5 to 50
péxcent; and dolomitic liméstone or dolomite where magnesium
carbonate is 30 to 40 perééﬁt. Réﬁardless of grade, the basic
précess remaiﬁs the same-ana is illustrated in Figure 2.3-1.

More thaﬁ 90 percent bf Ehe lime piapts are located in close
proximity to a limestone guarry. At the guarry, the natural
1imestone deposits are extracted thfqugh é series of physical
operations. The basic operations are drilling and blasting. The
stone may be crushed and séreened.before shipment to the lime
plant. Quarrying operations are discussed in Section 2.18.

In the United States, limestone is calcined in either rotary
or vertical (shaft) kilns. Rotary kilhs predominate and require .
secondary crushing of the feed li:ﬁestonee Most vertical kilns
require oﬁly primary crushing of the feed although some are
designed to reguire secondary crushing.

Rotary kilns are long, inclined steel cylinders lined with
refractory brick and supported on rollers; The feed limestone
flows countercurrent to hot combustion gases, with pebble-size
limestone added at one end and hot combustion gases entering the

other end. Rotary kilns may be fueled with coal, oil or gas.
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TABLE 2.3-1. FUGITIVE DUST EMISSION FACTORS FOR LINME MANUFACTURING

Includes storage silo vents.
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Reliability
. Source Emission factor rating Reference
(::) ‘Unloading 0.03 - 0.4 Tb/ton E 2
unloaded
(::) Limestone storagea
~ . Loading onto pile} .0.04 1b/ton loaded D 3
Vehicular traffic| 0.12 1b/ton stored D 3
‘Loading out 0.05 1b/ten Toaded D 3
out
. Wind erosion . 0.10 1b/ton stored D 3
@ Primary crushing | 0.5 1b/ton crushed c 4
(::) Secondary crushing { 1.5 1b/ton crushedb C 5
and screening
(::) Limestone cbhveying' 0.8 1b/ton lime E 6
: and. transfer produced .
Product transfep 0.1 1b/ton lime E 7
and conveying produced
@ Packaging gnd 0.25 1b/ton E 8
~ shipping . _ Shipped
2 pssuming PE = 101, Ky = 0.75, K, = 0.75, Ky = 0.75, $=2,D = 60.
b Based upon raw_material entering primary crusher. .
€ Inciudes leaks from mills and feed/discharge exhausts.
d _



factors is EPA's "Technical Guidance for Control of Industrial
Process Fugitive Particulate Emissions.” The emission factor
reliability rating indicates that these are engineering estimétes
applicable only to a group of such sources and of questionable
accuracy for site-specific estimates.

The emission_faétor for unioading operations is based upon
+hose developed for similar processes through engineering judg-
ment or visual observation. ' This estimate would be considered of
fair reliability on a source-specific basis. It is unclear from
the referenced source how'ﬁhe emission factor for'stdfaée piles
was derived,but it has a rather low reliability ﬁatihé"ihdicating
that it is based on limited data and engmneerlng 3udgment The
emission factors for prlmary crushing operatlons and for secondary
crushlng and screening are based upon very llmlted_data for
crushing of granite and would be_considered of fair reliability.
The emission factor for raw material transfer and coﬁveying is
based on data from a similar'operation and on engineering'judg—
ment and should,therefore,be considered of poor rellablllty - The
factor for packaging and shipping ‘is based upon data for hydrau—
1iclcemenﬁ'ah§ éngineéfing judgment. The reliability of this
factof is also pbor. |

Haul roads are discussed in detail in Section 2.1 and are
not addressed here. D |

2.3.3 Particle Characterization

Fugitive particulate emissions from limestone storage;

handling and transfer typically have a mean particle diameter of
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There are three distinct zones in a rotary kiln: the feed and
drying =zone, the central orgpreheating zone . and the calecining
zone. Product coolers are used to recover heat from the calcined
lime. |

Vertical kilns, which are fuélédlby o0il or natural gas, have
four distinct zones from top to bottom: the stdne'storage zone,
the preheating zone; the calcining zone and the cooling and
discharge zone. The flow of stone in the kiln is countercurrent
to the flow of cooling air“ana combustion gases. The étone is
charged at the top and preheated by the hot exhaust gases from
the:éalcihing:zone. Air blown into the bottom of the kiln cools
the lime before it is discharged. This air is heated suffic-
iently by the time it :eaéhes the calcining zone to be used as
secondary combustion air.

In both vertical and rotary kilns, the temperature in the
feed end is kept below 1000°F, and the temperatures in the pre-
heating and calcining zones are between 2000° and 2400°F. Higher
temperatures are found in shorter kilns. At these temperatures,
limestone disassociates to guicklime and carbon dioxide.

CaCO. -+ Ca0 + CO,"

3 2

Most of the calcined lime or quicklime is screened, milled
and transferred pneumatically or by belt conveyor to storage
silos, where it is kept until it is shippéd. Fines from calcin-
ation can be briguetted, fed to a hydrator or pulverized, as the

market demands.
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About 10 percent of all the lime prodﬁced is converted to
hydrated (slaked) lime. |
CaQ + H2Q - Ca(OH}2 .
In the hydration process, water is added to crushed or ground
quicklime in a mixing chamber (hydrator). The slaked lime ié
dried by the heat of the hydration reaction, énd is conveyed to
an air separator in preparation for final shipment. Dolomitic,
pressure-hydrated lime has an additional milling step prior to
shipment. Atmospheric hydrators are_opgratedsqontinuous;y; |
pressure hydrators are operate@_in a batqh mode. :

For shipping, the_quiqklime_and_hyd;atgd lime products are
packaged in bags and handled in bulk by truck,_rail, ship or
barge. . o -

Lime manufacturing plants have_capacities between 50 and 650
tons per day. lPlants usually operate 24 hgurs per day fo: 6 or 7
days a week. _ |

At the lime plant, the souxces.of_fug;;iye emissions ing;nde
raw material unloading, open storage piles,_qrushipg,_screenipg,
conveying and txansfgr operations,:pgckagipg and shipping opera~
tions and haul roads. These are indicated ig Figure 2.3-1.
Quarrying the limestone also_prgduceé fugitive emissions,but
these sources are treated in Section 2,1.4.

2.3.2. Fugitive Dust Emission Factors

The estimated emission factors for the lime manufacturing
fugitive dust sources as identified in Section 2.3.1 are summar-

ized in Table 2.3-1. The source of most of these emission
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3 to 6 um, 45 to 70 percent of whlch are less than 5 um.g

The follow1ng lnformatlon pertalnlng to stack emission
characteristics is presented since it is likely that the data

closely parallels that of fugltlve em15510n5.10 11

_ - Particle size
Operation - " ‘distribution

Hammermill (crusher) | 30% < 3 um, 47% < 5 um, 60% < 10 um
o - 74% <. 20 um, 86% < 40 um .

Screening. | . 46% < 3 pm, 72% < 5 um, 85% < 10 um
95.5% < 20 um, 98.8% < 40 Hm
Bagging house o 71% < 5 um, 87.3% < 10 um

_ _ 96% < 20 pum, 98.8% < 40 .um

. H

Data on the characteristics of ‘the particles emitted from
other sources are not available.

The American ‘Conference of Governmental Industrial
Hygienists has identified limestone particles as nontoxic nui-
sance particulates if other toxic impurities are not present.12
However, data on other toxic materials that may be associated
with limestone were not available. Lime dust has been identified
as a potential health hazard at concentrations above 5 ugﬁmB 13

2.3.4 Contreol Methods

Emissions from limestone unloading are generally not con-
trolled. Building enclosures may be used to reduce emissions.
Liquid sprays ere also sometimes used to suppress emissions
during unloading. Occasionally, the unloading area is vented to

a baghouse.
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The limestone is nearly always stored ih stockpiles, a
source of fugitive particulate emissions, but in some cases it
may be stored in silos. Liquid sﬁiéying of the material before
discharge onto the storage pile is often éracticed to reduce the
emission potential. Telescoping chutes, adﬁustable stacker con-
veyors and stone ladders afe possible ways to reduce emissions
from loading onto the raw material storage piles. All of these
devices reduce the free~fall distance and, hence, the fugitive
emissions. These devices are descrlbed in Sectlon 2. 1.

Emissions frcm conveying are minimal, but the belts are
sometimes partially covered as an emission reduction measure.
Emissions caused by transfer of materials from one conveyor belt
to another are most often controlled by én¢}osure or water |
sprays, with an increasing trend toward control by venting. the
transfer point to a baghouse.

Primary crushers and secondary crushers and screensg are
often located below grade. This constitutes a windbreak and
reduces .the carry-out and impact of the emissions. Suppression
of dusts by water sprays at the feed points of these operations
is very common.  Enmnissions f;%m primary crushers are sometimes
controlled by wet scrubbers or fabric filters. An increasing
number of plants are venting the discharge éoints of secondary
crushing and screening to a fabric filter.

Particulates entrained in the air displaced during loading
of the silos are controlled by fabric socks on the vents. In
pneumatic systems the lime silo transport air is often exhausted

through a fabric filter.
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During packaging and processing for bulk shipment, the
emissions that arise are frequently controlled by aspiration
through fabric filters. Many.liﬁe plaﬁts use ahéravitwaeed £ill
spout mechanism that has outer concentric aspiraﬁion ducts to
vent the dust to a fabric filter. This device has been markedly
successful in reducing-emissiohs during packing and-$hip§ipg-15

Transfer, conveying and sbreeﬁing of the finished quicklime
and slaked lime can be a considerable fugitive emissidh problem
if these sources are mot éfoperly encloged and ekﬁauéteé. Nearly
all plants completely enclose the convéyor systems, which are
most often belt~type; and many of them also enclose transﬁer
points and screens and exhaust the emissionsitQ fébriC-filters.

Table 2.3-2 sﬁmmarizes the availabie control tééhniques,

their effectiveness, estimated costs and RACM selections.

2.3.5. Recommended Reasonably Available Contrdl Measures_(RACM)
| The RACM selections for lime plant fﬁgitive.sourcés'are

presented in Table 2.3-2. As indicated, the recommended control
for truck unloading; sﬁbckpiling,_p:imary crushing,iéecondary

crushing/screening and transfer and coﬂveying oﬁétaﬁions qf the
limestone is a wet dust suppression system utilizing a chemical
wetting agent. This system gives good control efficiency (esti-

mated 90%29
22

) and reduces visible emissions to almost zero
opacity. The system of enclosures with venting to fabric

filters for the sources mentioned above would be slightly more
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effective (95%30)‘but would be much more costly to install.
Comparative capital costs are $70,000 for thé wet suppression
system versus $217,400 for the fabric filter system on a 150 ton
per hour limestone processing rate. Annuali;ed costs are $23,700
for the wet suppression system versus $54,000 for the fabric
filter system. A diagram of a wet suppression system as applied
on limestone handling operation at a lime plant is given in
Figure 2.3-2. A further justification is the fact that many lime
plants utilize wet dugt sprayse in one form or an‘other.B4

The rééommended control for lime prdduct transfer, conveying
and screening operations is enclosure with venting to a fabric
filter deSigned to achieve_.oéo gr/dscf.outlet or no visible
emissions. Most plants alfeady utilizé:enelosures on the product
conveyors transfer éoints and screens énd may vent these to

fabriq filters.35

This system offers not only control of the
emissibn source but also the added beﬁéﬁit of product recovery.
The costs may be much less than indicafé& if a plant can vent the
~collected emissions to an gzisting-coliection device on assoc-
iated product operations (i.e.,grinders, screens, air separators
and elévators).

The recommended control technique fér_packaging and shipping
operations varies by type of operation. For loading of trucks
and rail cars, concentric aspiration to a.fabric filter is the
recommended control based on economics and controi efficiency.
¥or bagging operations, the recommended control is the

venting of the bagging equipment to a fabric filter. While
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expensive, this technique is very effective and offers the advantage
of product Tecovery. It has been applied at several lime plants.3®
Both systems should be designed to achieve zero percent opacity or
0.030 gr/dscf outlet. _

The éontrél of haﬁi road fugitivé'emissions can be either
oiling, the use of wet suppression (chemical) or permanent paving.
For roadways used constantly, a paving'program followed by a good
housekeeping program can best reduce émiSsions, ' Good housekeeping
would include covering of haul trucks, periodic sweeping of the
paved surface and prompt cleanup of spills. For temporary'foads;

a program of ciling or wet suppression (chemical) is reccmmehded.
This program is used at many lime plants and can be very écbnomical

if waste crusher oil can be utilized.37
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APPENDIX FOR SECTION 2.3

<:> Limestone unloadlng {truck)
Emissions = (0.215 lb/ton) (150 tph) (3, 000 hpy) = 96,750 lbs/yr

Enclosure, vent to fabric filter

Assume an enclosure area = 20' x 15' x 20°'

Total area (10 Ga plate skirts) = 1400 ft2

Mass = (1,400 £t2)(5.625 1lb/ft2) (1.2) = 9,450 1bs

Cost (labor & materials) = (0.208/1b + 0.30/1b) {(9,450)
= $4,800 '

Top L/W = 1.333 L = 20° Area = 800 ft2

Mass = (800 ft2)(5.625 1b/ft2)(1.2) = 5,400 lbs .

Cost (materials) = (20ft) (11/£ft) + (.208/1b) (5,400)
) = $1,350

Cost (labor) = $1,200

Total cost = $2,550

Total enclosure direct cost = $7,350

1 elbow € $260

Installed = 1.75 (260) = $500

Total direct costs (enclosure & elbow) = §$7,850

(249.6) _
Turnkey = 1.4 (7,850) (152.1) = $14,000

Baghouse turnkey cost (@ 10, 000 acfm € 70°F}

| (249.6) _ o
= $60,000 (304.1) ° $73,400 ~  NMI

Capital cost = $73,400 + 14,000 = $87,400
Annual cost (p. 3-5, NMI @ 3,000 hpy)

615,000 (ooae) + (.17)(14,000)

$21,000 °

$21,000/yr
¢/B = .99 (96,750) = $0.22/1b

i

Wet suppression (chemical)

Design at 75 tph throughput

Dust suppressant spray at unloading, primary crusher
inlet and outlet, stockpile locadout, secondary crusher
inlet and outlet and conveyor transfer points.

{(249.6)
Capital cost = $52,000 {(204.1)

$64,000 p. 4-8, NMI

' {249.6) -11. N
Annual cost = $12,810 (25 ) $15,700 p. 4 , NMI

$15,700/vr
C/B = 91,013 + 15,300 + 19,125 + 202,500 + 607,500

-5
-

+ 181,500 = $0.01/1b



Enclosure

Assume a required 20' x 20' x 30°' enclosure
of 10 Ga steel (density = 5.625 1b/ft?)
Mass = [(20" x 20")3 + (20' x 30")(2)](5.625)
= 13,500
Assume 20% excess for structurals
Mass = (13,500)(1.2) = 16,200 lbs
Cost (materigls) = élG,ZOO)(‘208/lb) p. 4-25, GARD
= $3,400
Cost {(labor) = (16, 200}(0 30/1b) p. 4-25, GARD
= $4,900 .
Total direct capital cost = §8, 300
Indirect capital cost @ 40% = $3,300
(249.6) _ o
Capital cost = 11,600 (192.1) - 15,000

Annual cost = 0.17(15,000) = $2,600
No O & M cost
$2,600/yr
c/B = 75 (96,750) - $0.05/1b

Limestone storage piles
Emissions = 18,000 lbs/vr

Loading onto piles

Enclosure

Cost for enclosure ranges between 3.04 to 7.22
£ft3 of capacity (Reference 1, p. 2)
Use average value of §5. 13/£+3
Assume avg. of 12,000 tons in storage
(10 days) (8 hpd)(lSO t/h} '
Density of limestone = 1639 1b/ft3

12,000 (2,000)
Volume of pile = 169

Capital cost = (142,000 ££3) ($5. l3/ft3) $730,000
(249.6) :
$730,000 (192.1) ~ $930.,000

Annual cost = .17(950,000) = $162 oco

= 142,000 ft3

$162,000/yr

c/B = 0.85 (18,000) + 0. 97'(45 000) = 52-75/lb




Adjustable chutes

26,000 + 42,000

Capital cost = 3 = $34,000 Ref. 1, p. 2-40

i

(249.6) _
34,000 (192.7) ¥44,000

Annual cost = .17 (34,000) = $7;500”i
c/B = T75 (18,600) - ¢0-56/1b
Wet suppression (chemical)

See
C/B = $0.01/1b
Loading out o
Emissions = 22,500 1lbs/yr

Wet suppreséidn_(chémiéal)

See
C/B = S0,0l/lb

Gravity feed onto convevor
Costs not available

Wind erosion
Emissions = 45,000 lbs/yr

Enclosure

See enclosure for loading onto piles in (:) :
C/B = $2.75/1b _ :

Wet suppression (chemical)

Assume 109,000 tons/yr throughput
Initial cost = $5,000 (Reference 28, p. 2-87)

(249.6)
Capital cost = $5,000 (204.71)

. = 56,000
Annual cost (@ $0.05/ton) =

(249.6)
[(109,000) (.05) + .17 (6,000)] (204.1)

= $8,000



Watering

capital cost = $5,000
Annual cost (@ $0.01/ton)

C/B

©,

Wet suppression (chemical)

(Reference 28)

(109,000) (.01) + $1,000 = $2,100

$2,

(249.6)
lQQ (504‘1) = $£2,600/1b
$2,600/yr  _
~5-a5.600) — $0-12/1b

Primary crushing and screening
Emissions = 225,000 lbs/yr

See
C/B

$0.01/1b

Enclosure, vent to fabric filter

Costs include controls for primary crushing,
secondary crushing/screening and conveyor/transfer
points (@ 110,000 tpy; 20,000 acfm), NMI '

Capital cost

Annual cost = 26,867

Cc/B

Wet suppression (chemical)

i

Emissions

=

(249.6) _ . L
- 105,412 (304.1) = $130,000
249.6 : U
§204.l; = $33r000
_$33,000/yr ~ o
~5E (335, 000] ¥ .95 (675,000 + .95 (201,600)

$0.03/1b

Secondary crushing and screening -

675,000 lbs/yr

See
c/B

$0.01/1b

Enclosure, vent to fabric filter

See
C/B

$0.03/1b



Limestone conveying and transfer
Emissions = 201,600 lbs/vyr

Wet suppression (chemical)

See
C/B =-$0.01/1b

Enclosure, vent to fabric filter -

. See : s
C/B = $0.03/1b

Product transfer, conveying and screening
Emigsions = 25,200 lbs/yr

Enclosure, vent to fabric filter

Assume airflow of 5,000 acfm{NMI)
(249.6) E.$45’000.

Capital cost = 37,000 - (204.7)
| (245.6) _ N
Annual cost = 9,800 (202.1) < $12,000 - -

C/B = 795 (25,300)

Pneumatic conveying

£12,000/yr o0 50 /10

Capital cost = $99,000 (Reference 31)
Annual cost = $21,200 (RgfgrenceﬁBI)_

_ $21,200/yr .
c/B = 795 (35,0007 = $0.85/1b

Packing and shipping - :
Emissions = 63,000 lbs/y

Vent to fabric filter

(249.6)
Capital cost = $52,000 (204.1) NMI
= $64,000 .
. (249.6)
Annual cost = $14,500 (204.1)
‘ = $18,000

$18,000/yvxr
c/B = 799 (63,000) — $0-29/1b

Choked feed, aspiration to fabric filter

Capital cost = $96,000
Annual cost = $23,500

$23,500/yr  _ .,
C/B = .99 {63’000) - $0-38/1b



2.4 POWER PLANTS -

2.4.1 Process Description

Steam-electric generating plants in the United States may
utilize a variety of fuels including coal, oil, gaé and fission-
able material. ﬁowever, from a fugitive dust standpoint, only
the plants fired with coal are of significancé. The basic flow
diagram of the power generation cycle for uée of coal is illus-
trated in Figure 2.4-1. | L |

The first step in the coal-fired power plant cycle is ex-
traction of the coal. Coal is mined by several different methods
including striﬁ'mining, uhdéréround mining and auger mining.
After extraction the coal_mﬁy-be physically c¢leaned before load~
ing for transportation to”the power plant.

Coal may be transported to the deer.plént_by trucks,.pipe-
line, conveyor, rail or barge. After deli&ery,.thé cdal ié
usually stored.in stérage ﬁiiés. The coal is then moved from the
storage pile to feed hoppers by a éystem of heppers, stackers and
conveyors. From the féed hoppers the coal is .crushed, weighed,"
pneumatically conveyed to pulverizers andlthereaftér combﬁsted in
ﬁhe boilers. o

In the burning of coal, iﬁéurities.present in the feed coal
may not be combusted. The mineralﬁésh:ahd.other noncombusted-
materials are usually collédtéé;and either slurried with water
and pumped to a disposal pond or colle¢£ed er and trucked to a

disposal area.
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A typical power plant has a generating capacity of about 500
MW, equivalent to consumption of roughly 230 tons of bituminous
coal per hour.

Fugitive dust may be emitted from several sources in the
coal-fired power plant cycle. At the mine, potential sources
include overburden rémoval, coal extraction, stockpiles, con-
veyving, loading and hauling. At the power'plant.site,possible
sources include coal dﬁioading, stockpiling, coal handling and
tran#fer, and dry ash handling and disposal. Coal preparation
planﬁs at either the mine or power plant site can be sources of
fugiéive emission generation at crushing, sizing and handling

operations.

2,4.2_'Fugitive Dust Emiééion Factors

‘The estimated.emission factors for fugitive emissions from
coal-fired power pléhts are sﬁmmarized in Table 2.4-1.

 The enission féctors for coal mining and processing sources
were excluded since these are.gddressed in Sectiéné 2.1.4 and 2.19.

Tﬁe enission factors forlfail car, truck aﬁd conveyor unloading are
of uﬁspecified origin; therefére, the reliabiliﬁy should be
considered as very poor. The.emiSéion factor for barge unloading
is based upon limited testing and field observations. Its reli-
ability should be considered as fair. The coal storage and the
transfer and ccﬁvéying emission factors are discussed in Section
2.2.1. -

The emission factor for fly ash handlingiand disposal is

described by the source as an engineering estimate without
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- TABLE 2.4-1.

FUGITIVE DUST EMISSION FACTORS FOR COAL-FIRED POWER PLANTS .

o _ Retiability| = _
Source Emission factor rating Reference
(::) Coal delivery | |
Railcar unloading 0.4 1b/ton unloaded E 1
Barge delivery 0.046 1b/ton unloaded - C 2
Truck unloading 0.4 1b/ton unloaded E 1
Conveyors 0.04 to 1.0 1b/ton un- E 1,2
T toaded
(::) Coal storage
Loading onto pile 0.08 1b/ton coal loaded D 3
Vehicular traffic 0.16 Tb/ton coal stored D 3
Loading out 0.10 1b/ton coal Toaded D 3
out _
Wind erosion 0.09 1b/ton coal stored D 3
C::) Transfer and 0.04 to0 1.0 lb/ton coal E 1,2,4
conveying - handled
Fly ash handling 20 to 100 1b/ton ash E 5
and disposal handled
o T R N
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details as to the derivation; the reliability should be considefad

as very poor.

2.4.2 Particle Characterization

No data were located on particle size distributions for
fugitive emissions from coal-fired power plants. ’

The concentration limitrat which coal dust may cause detri-
mental health effects is 2 mg/m3_if the respirébie dust fraction

contains less than 5 percent quartz,6

No data were located on the
toxicity of fly ash. It would be expected to contain a higher
percentage of gquartz than coal but would not neqessarily.be more
toxic (at 10% quartz the ThtéShold:Limit Value is"0}83 mg/m3).7
Both the above concentrations‘aie basé@_oﬁ the respirablé'dﬁst
fraction only-not the total dust fraction (respirable_and non-
respirable). More data are required on the ﬁespirable quartz
fractiqn before cpncluéions coﬁld'béimade regardihg'thiCiﬁy.

2.4.4  Contro1 Methods

Coal unloading operations may be controlled by complete
enclosure, with or without venting'£0'é:fabric filter, 6f'bYIWet
dust sﬁppression using water and'a_chamical wetting ageﬁt.

The coal storage pile wind erosion'emisSions can be controlled
by periodic application of eithéi a water solution containing a
chemical wetting agent or water alone, or by enclosure of the pile.
Loading~in activities can be controlled by application of a

wetting agent or use of mechanical aids such as a telescoping
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chute, special gtacker or stone laéder,- Loéd-out activities can be
controlled by use of an underpile conveyor, water or chemical
sprays, or a stacker/reclaimer. The coal transféf, conveying,
crushing and screening_opefations can be controlled by use of
enclosed conveyors, water 6f chemiéal sprays, or enclosures vented
to fabric filters. |

Fly ash handling and disposal operations present no problems.
if the ash is wet. However, handliﬁg of dry fly ash generally |
requires contrel. Handling of the fly ash can be controlled by
application of a wetting aéént, covéring Ehe ash conteﬁ% of truéks
during hauling, and minimizing free fall of the ash during loading.
-« At the disposal site, .emissions from dumping operations can be
controlled by_wet supbfession, enclosuré:of the duﬁb aréa, and
minimizing the free fall distance of the ash. Emissioné from wind
erosion at the dispbsal'site may be controlled by COVefing with:
dirt or stable material, revegetation or chemical stabilization.

Other potential fugitive dust sources at power plants are the
haul roads. These;aré addressed.in-Section 2.1.

Table 2.4-2 sﬁmma#izéé_the;aﬁailablé_conttol technologies, -
their effectiveneSS; eétimated cosﬁé, and RACM selections.

2.4.5 Recommended Reasonably Available Control Measures (RACM)

The RACM selections for power plant fugitive sources are
presentea in Table 2.4-2., As indicéted, the recommended control
for unloading (for all types of coal delivery), stockpiling,
crushing, and transfer and conveying operations of the coal is a
wet dust suppression system utilizing a chemical wetting agent.

This system give good control efficiency (estimated 80 to 99%)

-
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and should reduce visible emissions to élmost zero opacity (based on
the effectiveness achieved at similar stone processing operations).

A system of enclosures with venting teo fabric filters for the sources
mentionéd above would be more effective {=99%) but would be much more
costly to install. Comparative capitai qoSts on a 500 MW plant are
$118,000 for the wet suppression system versus $316,000 for the
fabric filter system. Annualized_cdéts are $48,000 for the wet
suppression system versus $128,b60 for the fabric filter system. A
diagram of a wet suppréssion é?sﬁém as applied on the coal handling
operations‘at a power plant is given in Figuxe 2.4-2,

The selected RACM_fdf control of fly ash handling and disposal
is the use of wet sup?:ession, covering‘of haul trucks to and from -
disposal site and cdvering of the disposéd £fly ash with dirt. These
measures should effectively reduce fugitivekémissions at a fairly low
cost. At most large power plants, hqwever, fhesg méasures will be
unnecessary since the fly ash is in a wetted staﬁe and is stored
under water in ash ponds. |

The control of haul road fugitive emissions can be either permanent
paving with adequate housekeeping Qr_oi;ing° Foi roadways in relatively
constant use, a paving/cleaning program:can best alleviate emissions.
However the cost may be prohibitive. A program of oiling can provide
good control at a reasonable cost aﬁd is recommended for little used
roads or roads where a paving program would be iﬁpractical due to

high costs.

-
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APPENDIX FOR SECTION 2.4

<:> Coal delivery {(railcar)

Emissions = (0.4 1b/ton) (1,514,000) = 605,600 lbs/yr

Enclosure
See Coke 1
$12,000/vr
C/B = .7 (605,600} = $0.03/1b
Enclosure, vent to fabric filter
See CokeCB
$42,000/vr
LHRlek = $0.07/1b

c/B = 799 (605,600)

Wet suppression (chemical)

Coal throughput = 288 tph
@ 60% capacity factor = 1,514,000 tpy
Assume maximum.capacity on coal handllng of 1,000 tph

Capital cost = 249.6 |
T T Tss0,000 EI?%TI; = $104,000 p. 4-9, NMI
Annual cost = U (249.6) _ e e
$29,000 (I55.1) = 38,000 p. 4—12, NMI

$38,000/yx ' o

C/B = 8(505 600) +_.85(121 000} + 95{151 000)

+ -99(136,000) + ,83(787,009) .“ $0.03/1b

(:) Coal storage

Loading onto piles ' ' '
Emissions = .08 1b/ton (1, 514 000 tpy) = 121 000 lbs/yr

Telescopic chutes i
See Coke @
$2,000/yr _
c/B =55 (121,000 = $0.02/1b
Wind guards
See Coke
$8,000/yr -
c/B = TE (121,000 = $0.13/1b
Wet suppression (chemlcal)
See(;)

C/B = $0.03/1b

Loading out
Emissions = 0.10 1b/ton (1,514,000) = 151,000 lbs/yr




Bucket wheel reclaimer

See Coke (2)
$900,000/yxr  _
C¢/B = .8 (151,000) = $7.45/1b
Underpile conveyor
See Coke
$1,260,000/yr
c/B = .8 (151,000 = $10.43/1b

Wet suppression (chemical)

See(g)

C/B = SG..03/1b

Wind erosion :
Emissions = .09 1b/ton (1,514,000 tpy) = 136,000 lbs/yr

Enclosures

See Coke() T
$1,680,000/yr
c/B = 1.0 (136,000) = $12.35/1b
Wet suppression (chemical)
See Coke@ _ L
_ . $10,000/yxr $0.07/1b

C/B = .99 (136,000)
' ;(:) Transfer and conveying L

Emissions = 0.52 lb/tpn (1,514,000 tpy) = 787,000 lbs/yr

Enclosures
See Co}_ce@ - B s
: S - $14__:_000/Yr' ..',. R
¢/ = 77 (787,000) - *0.03/1b
Enclosures, vent to fabric filter '
See Coke@
$86,000/vxr = $0.11/1b

C/B = "99 (787,000)

Wet suppression {chemical)

See(g)

c/B = $0.03/1b

Fly ash handling and disposal
g No costs available




2.5 GRAIN TERMINALS

2.5.1 Process Description

Grain elevators are used for storage, treatment and tranéfer
of agricultural grain crops as théy‘are”moved from the farm to the
market. The harvested grain is usually trucked to local country
elevators, then transferred by trﬁck, rail car of ba#§é to larger
terminal elevators, which have sﬁdrage_capacitiés'ofiz million
bushels or more. The grains handled.inéiﬁde cofn;.wheat, rye,
oats, barley, flax seed,:gxain sorghum and soybeans.f

At ﬁhe terminal elevator the grain is conditionéd (dried,
screened and cleaned) and stored befofé shiémént t6 é.grain
procesébr, feed manufacturer or other ﬁéér. Soﬁe.tér@ihai.elevators
~simply receive grain from nearby céunt&y.elevatoré and stip it to
other terminal elevators. These faéiiities, sometimes callea
"subterminal" elevators, may handle up to 20 times théir storage
capacity-each year. Most terminal elevators, however, handle
annual quantities that are only a few times their storage capacity.
Figures 2.5-1 and 2.5-2 are flow diagrams of typical gfain elevator
‘Qperations.

The initial operation at a terminal elevator is the_unloading
of the truck (see Figﬁre'2.5-3), box car (see Figure 2.5~4),
hopper car or barge that;delivers the grain. The grain is discharged
into a receiving ho?éer, usually located below grade. The grain
is then conveyed by'a weather-protected belt conveyor to the foot
of one of several bucket elevators. The bucket elevators, together
with distributors and processing equipment, are housed in the

major structure of the facility, called the "headhouse”.
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The elevator carries the grain to the top level of the head-
house (called the "gallery"), where it is discharged into a dis-
+ributor, usually a system of movable spouts, whiqh directs it
into a collecting bin {(called a "garner") to be &eighed. Alter-
natively, the distributor can route the grain into cleening.
equipment or onto a gallery conveyor belt. The gallery belt
carries the grain across the gallery to a designeted storage bin,
where it is discharged into the bin by a diverting device called
a "tripper." Grain cleaning equipment is illustrated in Figure
2.5-5,

Because grain containing 14 weighf.percent moisture or more
will 5p011 in storage, moist grain is dried before transfer to
long-term storage bins. Rack ox column dryers (see Flgure 2.5-6)
are generally'use&*éé grain elevatqrs;a'$he dryer is located
outside the headhouse, | -

The temperature of graln stored in a bln for a long period
may increase because 1t beglns_to Slel or 1s.1nfested by molds or
fungi. To prevent deterioratidn,'the.grain may be cooled by an
operation called "turning®. 1In turning, the grain ie'dropped from
the storage bin onto a belt conveyor system running beneath the
bins (the "tunnel™ belt‘conveyor), then conveyed to a bucket
elevator, lifted to the top, and discharged via a gallery belt
conveyor into an empty bin. The tunnel belt conveyor system is
usually uncovered.

When dirty grain is received at the elevator, cleaners are

used to remove foreign materials such as dust, sticks, stones,
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stalks, stems and weed seeds. Often the grain is first trang-
ferred to a temporary sterage bin, dropped onto a tunnel conveyor,
and lifted by a bucket elevator to the grain cleaner and garner.
Equipment used to clean grain includes simple screening devices
and aspirdtion (suction) type cleaners. The sCreening devices
remove largé sticks, tools and cther trash; an? +he aspirators
remove chaff.ana'similar lightweight impurities. The cleaned
grain is elevatedzﬁo'the gallery conveyor and routed to an empty
bin. | |

Grain to be shipéed from the elevator facility is dropped‘
from the storag§ binsfonto the tunnel belt conveyor. The con-
veyor discﬁarges:to-fhe foot of a bucket elevator, which lifts it
to a distributor. Fréﬁ there it passes to a loadout scale. After
| weighing, the grain is discharged through a loading spout into
rail cars, trucks, barges or ships. _figures 2.5~7 and 2.5—8
depict these loading operations. .. _ |

Sources of fugitive dust at grqin'te:minals include grain
receiving, screening and cleaning;:trénsfgt and conveying, drying

and shipping. These sources are indicated in Figure 2.5-1.

2.5.2 Pugitive bust Emission Factors

Esfimated éﬁission factors for grain terminal fugitive emis-
sion sourées are summarized in Table 2.5-1. The emission factors
are based upon a limited ﬁumber of tests on g;ain elevators. It
was found that the emission rates can vary greatly depending upon
the types of grain being handled. Field run grains such as

soybeans, oats and sorghum are very dusty compared to wheat or

2-187



*BUTPROT ONI} PUR ARDTTRM *L-§°Z

aanbt g

1€ -
gNIaYDT ¥ORYL HNIGYDT ¥V
. jk \{ \ _ )
= u
5
LY
A Y
N\
Sy
yolngmisia
| e
i3ouns |
308 |
i Nig
39408

zEmw»

2-187a



LERHELEEUEY

Nm.maﬂﬁmo,ﬂmwam pue abxeq °g-§°z sanbig

| MIWNYL _ | UINHLYD YI0G

v S
DNIQY0T 304ve

- A aa— e g anme -

2-187b



TABLE 2.5-1.

FUGITIVE BUST EMISSION FACTORS™FOR GRAIN TERMINALS

Barge or ship loading

(0.002 to 3.5 1b/ton)

2 Inciuded in totainestimate.

2-188

Emission factor Reliability
Source : rating Reference
Receiving
Truck unioading 0.6 1b/ton unloaded D 1,2,3,4,5
G (0.32 to 3.5 1b/ton)
Railcar unloading -~ | 1.3 1b/ton unloaded D 1,2,3,4,5
; T (0.04 to 3.0 1b/ton)
Barge unioading 1.7 1b/ton unloaded D 1.2,3.4,5
S SRR (0.08 to 3.5 1b/ton) L
Transferring and - 6.0 1b/ton handled D -6
conveying (total) .
2a. Receiving elevator a
leg, elevator head,
garner, and scales
2b. Distributor, trip- a
pers, and spouting
2c. Storage bin vents a
and turning ORI
(::) Screening and cleaning | 6.0 1b/ton screened D 152,3,5
s ) and cleaned vl
- (0 19 to 9.2 1b/ton) o
o Drying: o
Column 0.5 1b/ton dried D 1,2,3,4,5,7
o (.19 to 1.1 1b/ton) N L
Rack 4.0 1b/ton dried D .. 1,2,3,4,5,7"
(1.8 to 8.0 1b/ton) ki L
Shipping . - : e
Truck loading 0.3 1b/ton loaded D 7 2,3,4,5
(0.14 to 3.5 1b/ton)
Railcar loading 0.27 1b/ton loaded D 1,2,3,4,5
(0.015 to 3.0 1b/ton) :
1.2 1b/ton Tloaded D 1,2,3,4,5



corn. However, the data are insufficient to quantify the dif-
ferences, Therefore, the emission factors cannot be considered
accurate for any specific operation and have a poor reliability.

2.5.3 Particle Characterization

. The fugitive dust from grain elevatérs contains a small’
améunt of spores of smuts and molds, insect parts, weed seeds,
various pollens and siliceous dust from vegetation and sdil in
the vicinity where the grain was grown. .But most of the dust is
bristles and other particles from the outer coats of grain ker-
nels produced by the abrasion of the individual kernels of grain.

Grain dust has a specific gravity normally in the range 0.8
to 1.5 as compared to various other industrial dusts which
usually have specific gravities between 2.0 and 2.5.2 Grain dust
is mostly in the range of 10 to_lOO,um in sizefl

| in Tablé 2.5-2 are presented the results of tests of the
inlet of a cyclone which vented an elevator leg.8 These
‘cyclone inlet emissions‘can be considered an approximation of the
particle size disﬁribution of the fugitive particulate emissions
from an uncontrolled elevator leg vented to atmosphere.

Monitoring in the vicinity of a terminal resulted in the
measurement of suspended particulate matter at a concentration

of 240 ug/m3 9

These particles had a size distribution of 99.5
percent less than 2 microns and 50 percent less than 0.03 microns
in dia’meter.9 Such particles at concentrations above 100 pg/m3

are known to have adverse health effects on humans.9
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TABLE 2.5-2. PARTICULATE SIZE DISTRIBUTION FOR DUST FROM AN
ELEVATOR LEG CYCLONE (INLET TEST)8

T s Sieve mm_ “Size opening - - Cumulative wr-zight,m

mesh ' (um) percent greater than
100 | T V- D | 3.7
170 88 | o 44.7

200 R 7T 18.7
7T ST S I 68.0

L v ... 20 . 91.0
- ‘ 10 Y
- | 5 o 99.9
- ! , 99.9
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Also, respiratory ailments could result from the insects,
molids and fungi associated with grein handling. Workers inside
elevators can be subjected to airborne dust concentratlons of 100
to 400 mg per cubic meter. Such levels are well above the thresh-
old where respiratory probleme occ_ur._9 . | |

During corn drying, “bees wings“;ewhieﬁ.are'ﬁhe?fiimy outer
skin of the corn kernel, are emltted along thh normal grain
dust, Essentlally all bees w1ng em1531ons are over 50 um in
dlameter,and the mass mean dlameter is probably in the region of
150 um.z _ T _

2.5.4 Control Methods

Effective dust control during truck unloadlng operations
generally requlres the use of undergrate asplratlon and a suit-
able enclosure or shed over the recelv1ng pit. The aspirated air
is directed to a control devmce which may be either a cyclone or

10 Flgure 2 5—9 111ustrates such a system.

a fabric filter.
The type of enclosure for the unloadlng affects the quantity
of fugitive dustlemitted. Some grain elevators use only a two-
sided enclosure.with a roof. The most suitable structure for
fugitive emission control is a three~sided and a top enclosure or
drive-~through tunnel where a door is lowefea each time é.truck is
unloaded. Ultimate control is obtained when the truck unioeding

is conducted in a totally enclosed shed or drive-through tunnel

with two quick-closing doors. With this enclosed type control

Structure most windage fugitive emission losses can be prevent-

ey e g 11
ed during truck unloading; however, the cost may be prohibitive.
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Best railcar unloading emissions.control requires total
enclosure sheds or drive—throﬁgh tunﬂels with guick closing doors.
Control problems for hépper cars are different than those for
boxcars. Two unloading contrél_methods have been used for hopper
cars. One method uses un&ergrate_aspiration vented to a cyclone
or fabric filter in a'maﬁner.similar to controls for truck unloading.
The second method uses g.small recéiving hopper to effect choke
uhloading. Boxcar ﬁnloading-is usually carried out by "breaking"
a grain door ihéide.thé 6&:. Thls produces a surge of grain and
dust as the grain falls 1nto the receiving hopper. The grain
remaining has to be.scooped:out.i Each scoop of grain can result
in a cloud of dﬁéﬁ. Another common boxcar unloading technique
used at terminal elevators is a mechanlcal boxcar dump which tilts
the boxcar to dump the graln 1nto a recelv1ng plt._ ThlS rapld
unloading method creates a large cloud of dust whlch may be difficult
to control. The emlsSLOQS from these two boxcar unloadlng-methods
may be controlled by_undergraﬁe;ésﬁiratibn to a fabric filﬁéf or a
cyclone. However, large §01umé§;of air are neceSSafy'to_effecf a
95 percent dust capﬁu;é.efficiéhcy.ll _?igure 2.541Q depicts a
control system for both hopperﬁgnd_b0xcar unloading, while Figure
2.5-11 gives a more detailed viéw §f t+he boxcar unloading control
éystem. | . |

Barge unloadihg is primarily done by a rgtractable bucket
type elevator (mafine‘leg),_ This is lowered intoc the hold of the
barge. Some geneiation of fugitive dust occurs in the hold as the
grain is scoope& oﬁt and aiSo at the top_pf the marine'leq where

the grain is discharged onto a conveyor. Control for barge

2-192



wm.m&mumMm Toxjuco Butpeorun IeoTred "0T-§G'Z 2aInbrd

| DMIOYOINN
{4Y0 ¥3ddOH

L

L.C .y

“YAJdOH DNINIZIZY

-

- §d000
. NYIQHO30Y
i I AHERE

) sU3LT

Jigyd

" 2-192a

, ”ul l‘l\”ﬂ.ﬂtﬂ“““\l\
2 Yo Vo
“ A III#I
Comavornn\ _
'Y xqcxom_ / \



DEVICE

e trr e towns

LUNLOADING
ENCL GAORE
- Lo
q BOX
/ CAR
/
/
)

o

[4
| GRAfE-—%L‘
. A
CONVEYOR
| 7
TN

i

:HOPPER

Figure 2.5-11. Boxcar unloading control system._35

2-192b



uploading is best carried out by completely enclosing the leg and
aspirating the dust through a fabric filter or ecyclone.1l Figure
2.5-12 illustrates such a system.

The control of emissions from the transferring and conveying
.0f grain in an elevator is often carried out by ducting many indi-
vidual dust sources to a common dust collector system. This is
commonly done for the dust sources in the headhoﬁse. Thus, aspiration
systems serving elevator 1§gs, transfer points, bin vents; etc., |
may all be ducted tp one collector. “In these control systems it is
desirable to enclosé éll possiblé'conveyors so that little particulate
matter can be emitted. Trippefs aﬁeéusually hooded and ventilated
to cyclones or fabric filters. Emiséions from grain scale weighing
hoppers and their associated surge:bins (ggrners) élso may be
vented to a common collector}--Many élevééors vent dust, generated
by the flow of grain intoLstorage'bins, directly to the atmosphere.
Small fabric filter units.havefgeén used for dust cqllection in
some metropolitan areas. Other elevators exhaust the bins internally

8 Grain

in the grain elevator to ?revént release of the dust.
turning is a dusty operatiOn.éﬁa“ﬁaﬁf elevators are now aerating
their grain bins. ~Aeration“of_the:g;ain is_abouﬁ.éb éeécent less
dusty than turning and greatlf iédﬁcés”thé neéd for transferring
grain for cooling..l Figures 2.5-13 and 2.5-14 show how emissions
are captured from elevator legs and transfer points, respectively.
Grain screening and cleaning emissions are controlled by
hooding or enclosing the equipment and exhausting to a cyclone or
fabric filter. Some screens with air-tight enclosures reguire no

ventilation to control devices.l1 A control system for handling

and cleaning operations is depicted in Figure 2.5=~15.

2-183



AV

GER
N

wm.ﬁmpmMm TOoI3U0D butproT obieg

{YOAIANOS 1138

*¢T-6'¢ ®anbtg

H01VAZ713 0
/LTI

EENIE
oluay4

2-193a



PN\ HEAD

. -

‘ L > uckeTs
ELEVATOR LEG i R
DISTRIBUTOR
(7 i
L
“uown"pmm____qﬂ+ TO COLLECTOR!
SIDE # ) /

DY S
) .“.\’:J‘l’.w

CONVEYOR'

Figure 2.5-13. Elevator leg control system.37

2-193b



ge "We3IsAs foajzuod jutod IoFSURIL

1738 MOABANOD'

*pT~G°¢ 2anb1g

T

(00H

T

14004

e BR'EIN T

lJ

2-193c



¢ wo3lsds Toajuod butuesid pue purTpury UTRIH "GI-G°¢ SIANDIJ

JIFLSAS 1738 TINNAL

&G

e AT R TN T TR RN, T VT b S \
/— ./ \ A N /- ﬂ“ /. /p

pho

-

T VUL W WV WO |

" W3ISAS
AYITIVD

t
|
r”“ﬁ-mmm—-—-— &

Hignd
ENLLEL

V4 | )
Ve =7
/[ 7/
'y

$37V08

SYIRYIT:

H3Ld
e oo BELLERN

e
o
ud
.
-l

. T
L=

. "

2~1934



Grain dryers present a difficult problem for air pollution
control. Large volumes of air are exhausted from the drvers, the
exhausts have large cross sectional areas, the dust has a low
specific gravity, and the exhaust stream has a high moisture con-
tent. Rack or column dryers are commonly émployed to dry grain at
elevators. Column drye:s have a lower emission raté than rack
dryers since some of the dust is trapped by the columns of grain.
The dryers may use screen syétemé to Qontrol partic&late matter.
The screens must be éontiﬁuously vacuumed to keep them clean and
- prevent air flow bl&ckaée::'Another scieen cleaning.techgique is a
sliding-bar, self-cleaning system. Azééreen'filter bohtrol system
with vacuum cleaning is shown in Figure 2.5-16. | o

As in truck ﬁnloading, the truck.loading ope;aﬁion is best
controlled if the loading is done in a three—sidediénd top enclosed
shed with a closéable door. The 1oading involves the free fall of
grain into the trﬁck with considerable-dust;emissions. The dust
emissions are reduced by using telescoping'épduts (see- Figure 2.5~
17) or spouts with a canvas sock extension. Control in truck
loading of grain is difficult because of variation in the sizes of
trucks and the required movemeﬁ% of the loading spout. Aspiration
inside an enclosure is used in a few cases by installation of a
hood at the discharge en& of the spout. The particulate matter is
captured and ventilated to a cyclone or fabric filter.

Boxcar grain loading control is not common. One method of
control is to cover the door area of the boxcar with a hood and
ventilate the particulate matter to a fabric filter or cyclone.
(See Figure 2.5-18.) Control of hopper car loading of grain is
similar to the methods used for trucks. The loading is often
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Figure 2.5-~18. Boxcar loading control system.42
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done in a semi-enclosed area. A hood can be installed at the
discharge of the loading spout. (See Figure 2.5-19.) The dust
generated in hopper car grain ;oading is ventilated from the hood
to a fabric filter or cyclone. Telescoping spouts or choke-feed
are also used. |

The eﬁissions frdm.ioading of b&rges can be minimized by
reducing the freefall dlstance of the graln. A telescoping spout
" kept extended to the gra;n surfaca (l e., to prov1de a choked
feed) will reduce em1551ons..mAddlt10nal control may . be obtained
“by asplratlng the end of the spout and exhaustlng to a fabrlc
filter or a cyclone. (See Flgure 2 5 20 ) | | |

For ship loading, a bu;letftype.q;,"dead-qu"“sYstem at the
end of the loading spout can be uéed.to.slow'the flow of grain.
This may be equipped alsc with ventilation to cyclone or fabric
filter collection to capture any dust generated. Another approach
to control the loading of. shlps is to cover the entlre hold w1th
canvas, except where the loadlng spout enters, and to ventllate:
from beneath the cover to a fabric filter. However, thls control
alternati#é is'noi feasible dufing'thé'"topping off" period (i.e.,
filling the top four feet of the hold), since very rapid movement
of the loading spout is necessary to evenly distribute t+he grain.
The system may also be infeasible under severe weather conditions
and under high winds.

Table 2.5-3 sumﬁarizes the available control techniques,

their effectiveness, estimated costs, and RACM selections.
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2.5.5 Recommended Reasonably Available Control Measures (RACM)

RACM selections for grain terminal fugitive emission sources
are summarized in Table 2.5-3. |

The selected control technique for truck unloading is the
use of a three-sided shed with One'quick*elosing door,‘Ventilated
to a fabric filter. This system, While less cost effective thaﬁ
venting the hopper to a cyclone, achieves a much better level of
control, capable of achievihg thercenﬁ oPacity.zo

For the-unloeding of reilcars, the selected control measure
is enclosure of the receiving afea with ventilation tofe fabric
filter. This sysﬁem is costfeffectivefané-no visible eﬁissions
result when 1t is: applled.%l |

The selected control technique for unloadlng barges is the
enclosure of the marine 1eg, rece1v1ng hoppers, and conveyor
belt, and ventllatlon to a fabrlc fllter._ This system is cost
effective and the most eff1c1ent of the available control tech-
niques. . ' :

Forrconfrol ef'transferriné and caneyiﬁg operatione, the
selected control technlque is the ventlng of em1551on sources to
fabric fllters. This would 1nclude conveyor txansfer p01nts,
trippers, turnheads, leg‘vents,-sce;e b;ns, surge b;ns end the
head house; This system:is eost-effecﬁive.apdieeﬂleChieVe.an .
emmssxon 1eve1 of zero percent opa01ty.2?_ :

Control of cleanlng operatlons is best ach;eved by ventlla—

tion to aifabrlc fxlter. Thls method consxsts of hoodlng ‘or
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enclosing thé equipment to collecfitﬁé particulate matter which
is then collected by a fabrlc filter. | | N h

The recommended control for rack dryers is the use of 50
mesh, vacuum cleaned screens. Thls system can achleve zero per—
cent opacity at a fairly low cost,23 For ‘column dryers, an
equipment standard of 0.084 inch or less diameter perforation
plate holes is propeocsed. This system ig effective and can
achieve zero percent opacity.23

The proposed control technique for truck loading operations
is the use of a three-sided shed equipped with one quick closing
door and ventilation to a fabric filter. This system is the most
effective of those available, although only able to achieve a ten
percent opacity level.24

Recommended control of railcar loading operations is enclo-
sure of the loading area via a three-sided shed with hooding and
ventilation to a fabric filter. This system can achieve zero
percent opacity.25

The proposed control technique for barge loading operations
is the use of telescoping spouts to provide choked feed and aspiration
from the spout to a fabric filter. This system is cost effective
while providing the best control level of the aﬁaila5le control
methods.

The recommended control method for loading of ships is the
use of tarpaulin covers with aspiration to a fabric filter. This
system is not applicable to the loading of tankers or tween-

deckers. Also, the tarpaulin must be removed for topping off the
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ship. Alternately, a system using choke feeﬁing with ventilation
to a fabric filter is reqommended where severe weather or other
operational contingaﬁc;es dé.not favor ﬁse of tarpaulins.

“"Haul roads may be a major source of fugitive emissions around
grain terminals. For & detgiled treatﬁent of hatl roads and

recommended control measures, refer to Section 2.1.
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APPENDIX FOR SECTION 2.5

Receiving

Assume capacity = 40,000,000 bu/vr

Avg. wt. = 58 1lb/bu

Emissions = (0.6 lb/ton) (40,000,000 bu/vyr) (58 lb/bu) (£/2000 1lbs)
= ©96,000 lbs/vr

10% by truck; 69,600 lbs/yr

Truck unloading

Hopper vented to cyclone

Capital cost = $28,200
Annual cost = $6,100

$6,100/yr _
c/B = .9 (69,600) 30.10/1b

Enclosure/fabric filter

Capital cost = $53,500
Annual cost = §11,700

$11,700/vr
C/B.= .99 (69,600) = $0.17/1b

Railcar Unloading (50% by rail)
Emissions (1.3 1b/ton} (20,000,000 bu/yr)(58 lb/bu)(t/ZOOO 1bs)
754,000 lbs/yr

Enclosure / cvclone

Capital cost = $34,200
Annual cost = $6,200

$6,200/vx
c/B = .9 (754,000) = $0.01/1b

Enclosure / fabric filter *

Capital cost = §71,800
Annual cost = $33,900

$33,900/yx
C/B = .99 (754 000)

Barge unloading (40% by barge)
Emissions = (1.7 1lb/ton) (16,000,000 bu/yr) (58 1b/bu) (£/2000 lbs)
= 788,800 lbs/yr

= $0.05/1b




Enclosure / cyclone

Capital cost = $39,200
Annual cost = $11,200

$11,200/yr _
C/B = 9 (788,800) - $0.02/1b

Enclosure / fabric filter

Capital cost = $55,000
Annual cost = $12,300

$12,300/yx _
c/B = .99 (788 800) = $0-02/1b

Transferring and conveying
Assume 15,000,000 bu/vr 3 N - : e
Emigsions = (6.0 1lb/ton) {15,000,000) (58 1lb/bu) (/2000 lbs)

+ (1.2 1b/ton) (0. 35)(15 000 000)(58)(1/2000)

= 2,792,700 lbs/yr

Vent to cyclonesg

Capital cost = $260,600
Annuallcost = $68,700

C/B = .9 (2,792,700) = $0.03/1b

"Vent to fabric filters

Capital cost = $265,300
Annual cost = §73,500

$73,500/yr _ _ S
c/B = 799 (2,762,000) = $0-03/1b
Cleaning
Emissions = (6 1b/ton) (0.221) (15 x 106)(53)(1/2000)

= 576,800 lbs/yr

Vent to fabric filter

Capital cost = $43,400
Annual cost = $9,600

$9,600/yr  _ o
c/B = 75 (576,800) = $0.02/1b

Vent to cyclone

“Capital cost = $29,400
Annual cost = $6,200

$6,200/yr
c/B = 19 (576,800) $0.01/1b



Drying
Basis: 1.5 x 106 bu/yr
EFmissions (Rack dryer)

Wou

Screens (24 mesh)

Capital cost = $11,000
Annual cost = $2,300

$2,300/yr
.63 (174,000)

C/B =

Vacuum screen system

$51,800
$11 300

Capital cost
Annual cost

T Sll 300/zr
C/B =
No data for column dryers

Shipping

Truck loading
FEmissions =

Adjustableée chutes
See Section 2.1

* Enclosure / cyclone

Capital cost = $28,200
Annual cost = $6,100

c/B = .9 (22,200)

Enclosure / fabric filter

$53,500
$11,700

Capital cost
Annual cost =

. $11,700/yx

¢/B = .99 (22, 200)
Railcar loading
Emissions {0,27 1b/ton)

56,400 lbs/yr

°93 (174,000}

(1.5 x 10° )(4 1b/ton) (58) (1/2000)
174,000 lbs/yr

= $0.02/1b

= $0.07/1b

(0.3 1lb/ton) (15,000, 000}(58)(1/2000)( 17)
22,200 lbs/yr _

= $0.31/1b

= $0.53/1b

(15,000, 000)(58)(1/2000)(0 48)



Adjustable chutes
See Section 2.1

Hood / cyclone

Capital cost = $62,200 -
Annual cost = $§13,000

$13,000/yr "
C/B = .9 (56,4007 = $0.‘26/1b _

Enclosure / fabric filter

Capital cost = $103,900
Annual cost = $22,100

$22,100/yr
C/B = .99 (56,400)

Barge loading

= $0.40/1b

Choke feed / cyclone

See
C/B = 50.03/1b

Choke feed / fabric filter

See
C/B = $0.03/1b

Ship loading
Emigsions = (1.2 1lb/ton) (40,000, 000)(58)(1/2000)( a4)
w1,

308,500 lbs/yr

Tarpaulin cover / cyclone

Capital cost = $41,200
Annual cost = $11,300

$11,300/yrx _
c/B = 5 (1,308,560) - $0.01/1b
Tarpaulin / fabric filter
Capital cost = $57,000
Annual cost = $12,400
£12,40043x - $0.01/1b

¢/B = .99 (1,308,500)



Telescoping spout / choked feed / cyclone

Capital cost = $65,700
Annual cost = $£13,600

: $13,600/vx
c¢/B = .9 (1,308,500)

Telescoping spout / choked feed / fabric filter

= $0.01/1b

Capital cost = $86,100
Annual cost = $19,600

$19,600/yxr _
c/B = 799 (I,308,500) - $0-02/1b



2.6 COUNTRY GRAIN ELEVATORS - ‘ AR

2.6.1 Process Description

Country grain elevators receive and store grain with subseguent
shipment to terminal elevaﬁors, mills and other processing plants.
In addition to storage, the'country.elevafor sometime includes
faczlltles to clean the grain, to dry it, or both Gsains handled
includes corn, oats, wheat, rye, soybeans and burley. ‘

The grain received at the country elevator is p:;marily
redeived by truck or tractor from farms that are‘within a 10-12
milé radius. |

.tStorage capacities of country elevatorsican ranéé_from 4,000
to_ﬁS0,000 bushels..l The average sizefin ths’U.S._in:lS?é was .
441;600 bushels.1 on the-average,IQOuﬁfry elevatbrs handle about -
2 times as much grain as their storagéssapacity. 'For_example, a
country elevator with an average storage capacmty of 441 000
bushels would handle about 880,000 bushels of graln per year.

The country elevators most often cons1st of uprlght concrete
bins. Simplified and stylized dlagrams of upright country elevators
are shown in Figures 2.6-1 and 2.6-2. Thesé eievatots are usually
designed to make maximum use of gravity flow‘ﬁo simylify the
operation and minimize the use of mechanical eésipment. The -
major piece of mechaﬁical equipment réquire& is“the-bucket elevator,
or "leg", which elevates the grain to the top of the elevator

where it is discharged into the distributor head and
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Figure 2.6-2.

1. DUST COLLECTOR (RETURNS TO Gakin SI3fam

2. HMEAD WOUSES MULLEY AND LEG BELT.

3. DISTRIBUTOA TRANSFERS GRAINN FROM ELEVATOK 488
10 ANY BN, AUTOMATIC SCALE. OR TRLOK SPOLT

&, CLEaNER

S DISINAUTOR SPOUTING

&, UPPER BCALE MQPMR o

7. 15 SUSHEL AUTOMATIC SCALE

B, tOWER SCALE HOPPEN-23 BUSHEL

&, LOAD-OUT SPOUT L

10. CONCRETE LEG

11, LG 98T AND BUCKETS

12, BLECTRIC MANLIFT

13 IRASH AKD SCREEMINGS BN,

i, paAMEOLLS .

TE. VALK LOAD-0R PO

&, AERATION 5 7itim

17, WORKROOM

15, DRivEwAY

17, DUMP GRATES

0. ump #irs .

2, RECTRIC TRUCKLIFD

22, TUNNEL

73, 3GOT ANG LOWER LEG

Diagram of an upright country grain elevator.
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then directed tp~tﬁe'desired bin or into the scale for direct
load~out. The secﬁion of the elevator which performs these
functions is reférfed.to as the "headhouse.”

The first step.in handling the grain after it arrives at the
elevator is to weiéh—in the loadéd truck. . After weigh-in, the
truck is driven to fﬁe_unloading statipn which is often a drive~-
through tunnel in the center of the elevator..'Thé'ﬁrucks are
usually unloaded by lifﬁiﬁg.ﬁhe-front end of the truck with an
overhead wench systém or hydraglic'platform._ This Caﬁses the
~grain to flow out the opening in- the back of the truck from which
it falls through a gratlng 1nto the rece1v1ng hopper. Following
completion of the unloadlng~qnd lowering of the truck, the truck
is driven back to the sgélés and reweighed to determine the
guantity of grain réCeived;'

The grain dumpéd inﬁo the re¢eiving hopper usualiy flows by
gravity to the bottom of a bucket elevator (i.e., the elevator
boot). In some cases, the graln is transported from the receiv-
1ng hopper to the boot by means of belt, drag or screw conveyors.

The rece1v1ng 1eg, averaglng 5000 7500 bu/hr, elevates the
grain to the top of the*headhouse where-lt is dlscharged through
the distributor‘hééd,' The dlstrlbutor head 1s pos1t10ned to
direct the grain 1nto the approprlate storage blns or to the
cleaning equlpmgnt. Graln recelved from the farm usually con=-
tains a variety of impurities and d cleanlng operation is some-
times égrformed prior to sending the grain to storage bins,

Various types of screens and aspiration systems can be used to
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Figure 2.6~2. Diagram of an upright country grain elevator.ls
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then directed to the desired bin or into the scale for direct
load-out. The secﬁion of the elevator whiéh performs these
functions is refééied to as the "headhouse."

The first step in handling the grain after it arrives at the
elevator is to weigh=-in the loaded truck. . After weigh-in, the
truck is driven tdlﬁhe unloading station which is often a drive-
through tunnel in the center of the eievator. The*;rucks are
usually unloaded‘byIliftiﬁé.thelfront end Of the érﬁék with an
overhead wench system ot_hydraulic platform. This causes the
. grain to flow out the o?éning in the back of the truék‘from which
it falls through a gratiﬁg intp-ﬁhe receiving hopper; Follbwing
completion 6f.£he ugldéding aﬁa'iéwering of the trﬁék the truck
is driven back to the scales and rewelghed to determine the
guantity of grain recelved. |

The graln dumped 1nto the réceiving hopper usually flows by .
gravity to the bottom of a bucket elevator (1 e., the elevator
boot). In some cases, the graln is transported from the receiv-
ing hopper to the boot by-means of belt, drag or screw conveyors.

The rece1v1ng leg, averaglng 5000 7500 bu/hr, elevates the
grain to the top of the headhouse where it 1s dlscharged through
the dlstrlbutor head. The dlstrlbutor head is pos;tloned to
direct the grain 1nto the approprlate storage blns or to the
cleaning equlpment. Graln recelved from the farm usually ¢con-
tains a varlety of impurities and a cleanlng operation is some-
times performed prior to sending the_graln to storage bins.

Various types of screens and aspiration systems can be used to
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clean the grain. ’Removal of the.grain from the storage bins
(load-out) is usﬁally performed by gravity flow back to the
glevator_boot, re-elevated and again discharged through the
 di§£ributor.  Cbﬁnﬁry eiévato;s ship pfimarily by truck or rail-
e A .

Certain grains, especially corn, must be dried before they
are suitable for long—teim storage. Elevators.thatiieceive theée
grains for long-term storage must be eéuipped with'&rying facii—
ities. Certain dryers regquire an additional leg to elevate the
wet grain from intermediate storage bins to the tbp of the dryer,
and a means of conveying the dried graiﬁ from the dryér.back to
the primary leg for elevation to final storagé.. Graiﬁ 3ryers
come in a wide range of capacities, and the size installed in
country elevators is deﬁéndent uéon the quantity'of wet grain
- “that is expected to be processed. The average drffﬁgvopgratioﬁ would
consist of a single dryéf ﬁith.a size capacity of 500-2000 bu/hr.

Pugitive emission soﬁrceé at country grain elevators include
grain receiving, transferring and conveying, screening'and
cleaning, drying and shipping. These sources are identified in
FPigure 2.6-1.

2.6.2 Fugitive Dust Emissign.BEactors

Estimated fugitive emission factors for country grain
elevators are suﬁmarized in Table 2.6~1. The emission factors
are based upon a limited number of tests on grain elevators. It
was found that the emission rates can vary greatly depending upon

the types and characteristics of the grain being handled. Field
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TABLE 2.6-1. FUGITIVE DUST- EMISSION FACTORS FOR COUNTRY GRAIN ELEVATORS

Emission factor, Reliability
Source Average, {range) ‘rating Reference
Receiving 0.6 1b/ton unloaded ) - 2,3.4
Truck unloading (0.32 to 8.0 1b/ton)
Transferring and 2.5 Tb/ton (2.0 to D 2.4,5,6
" conveying (total)s - 4.0 1b/ton) T
Including:
2a. Receiving, elevator a
leg and head
- 2b. Garner and scale a-
vents _
2¢c, Distributor, trip- A
pers, spouting
- 2d. Storage bin vents a’
(::) Screening and cleaning | 3.0 1b/ton cleaned E 2,4,6
(0.19 to 10.1 1b/ton)
Drying: .
Column 0.5 1b/ton dried D 2,3,4,7,8,9
' (0.19 to 1.1 1b/ton)
Rack 4 4.0 1b/ton dried D 2,3,4,7,8,9
(1.8 to 8.0 1b/ton)
Shipping
" Truck loading © 0.3 1b/ton loaded D 2,3,4,5°
(0.1% to 8.0 1b/ton)
 'Railcar loading - | 0.27 1b/ton loaded D 2,354,5

(0.015 to 8.0 1b/ton)

a

Included in total estimate. . .
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run grains such as soybeans, oats éﬁd‘sorghuﬁnare_vé#y dusty
campareafto wheat or corn. However, the data is_insuffiéient for
quantification of different emission factors by grain type.
Therefore, the emission factors available cannot be considered
accurate for any specific operation.

2.6.3 Particle Characterization

The fugitive particulate emissions from country grain
elevators result from the unclean state in which grain is re-
ceived at the elevators and from the generation of small par-
ticles by varioué physical handling operations. The grain may
'“contaln a small amount of spores ‘of smuts and molds; insect
parts, Weed saeds, various pollens and 51llceous dust from vege-
_ tatlon and SOll in the V1c1n1ty of where lt was grown.' However,
1most of the dust is composed of brxstles and other partlcles from
the outer coats of the graln kernels. _These partlcles are pPro- .
duced Dby the abrasion of the individual kernels of grain.

Grain dust has a spec1f1c gravxty normally in the range 0.8
to 1.5 as compared to various other 1ndustr1al dusts Wthh
usually have specific gravities between 2.0 and 2,5.8 ‘Grain dust
is mostly in the range of 10 to 100 um.in'siZe.7 |

Table 2.6-2 presents the results of size distribution tests
of the material entering the inlet of a'chIOné which vented an
elevator leg.6 Tﬁese cyclone inlet emissions can be considered
an approximation of the paiticle'size distribution of the fugi-
tive particulate emissions from an uncontrolled elevator leg

vented to the atmosphere.
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TABLE 2.6-2. PARTICULATE SIZE DISTRIBUTION- FOR DUST FROM AN
ELEVATOR LEG CYCLONE (INLET TEST)6

US Sieve . Size opening Cumulative weight,

mesh {(m) percent greater than
100 149 ) 32.7
7o " | - 44.7

200 - 74 | | 48.7

325 44 - 68.0

- 20 | ‘ 91.0

- | 0 | 99.1

- | | 5 o 99.9

- 1 | 99.9

o emmensmasaceereerimom—— = —————

Durlng corn drylng,.a materlal called.“bees Wlngs,“ whlch
is the fllmy outer skin of the corn kernel, is emltted into the
alr along thh the graln dust. Essentmally all bees w1ng em1551ons
are over 50 pm 1n dlamter, and the mass mean dlameter is probably
in the reglon of_lSO um.B ‘ | _
Addi;ional info:mation on togicity and othér héélth effects
is presented in Section’2.5;3; : -

:2 6.4 Control Methods

The control methods for country graln elevatérs are essen-
‘tially 1dent1cal to those for 1arge grain termlnals except on a
smaller scale. A dlscu551on of the avallable control technlques
is presented in Sectlon 2.5.4. Table 2 6~ 3 summarizes these
techniques plus thELI eff1c1enc1es, estlmated costs, and the RACM

selections.
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v

2,6.5 Recommended Reasonably Available Control Measures (RACM)

Table 2.6-3 presents RACM recommended for the control of
country grain elevator fugitive emissions. Just as the control
alternatives available to larger grain terminals are essentially
identical for country grain elevators (yeﬁ on a smaller scale),
so are the desmgnated RACM selected. |

However, it is recommended that a-size bexdeterminea'below
whlch control 1s not requlred due to hlgh relatlve cost. .The
U.S. EPA, in 1ts economic analysis of the lmpacts of varlous
regulatory optlons, has determined. that control costs are. essentlally
f;xed for elevators smaller than 1 mllllon bushels .per. yeat 16
The U. S -EPA has determined that country elevators handllng less
-than 700, 000 bushels per year w1ll not be governed by New Source_
Performance Standards.l6 Therefore, country elevators handllng
.less ﬁhan.700,000 bushels per year will.be_:eQuired to'implement

the alternative control options liefed,in-Tabie 2.6~3,
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APPENDIX FOR SECTION 2.6

(:) Receiving '
Emissions = (0.6 lb/ton) (1l x 106 bu/yr) (58 1b/bu) (£/2000 1lbs)
= 17,400 lbs/yr

Hopper vented to cyclone

Captial cost = $42,700
Annual cost = 8,700

$8,700/vx y '
c/B =.7.9 (17,4000 + .9 (4,350)

Enclosure vented to fabric filter

= $0.44/1b

Capital cost = $72,200

Annual cost = 14,900
$14,900 - N
c/B = 796 (17,400) + .99 (4,350) = $0.69/1b
Enclosure _
' ‘Capital cost = $27,700
‘Annual cost = - 6,100
$6,100/4X_ _ $0.59/1b

¢c/B = .6 (17,400)

(:) Transferring and conveying (Handling and weighing)
Emissions = (2.5 1b/ton) {27,000 tpy) = 72,500 lbs/yr

Vent to cyclone

Capital cost = $14,100

Annual cost = 3,000
$3,000/yr _ _ 0. 05/1b

c/B = .9 (72,500)
vent to fabric filter

Capital cost = $22,100

Annual cost = 4,700
LT = $0.07/1b

c/B = .99 (72,500)

Cleaning (8% cleaned)
Emissions = (3 1lb/ton) (29,000 tpy) (.08) = 7,000 lbs/yr

Vent to c¢yclone

Capital cost = $16,100
Annual cost = 3,400

_$3,400/yx
c/B = .9 (71,000} < $0.54/1b



Vent to fabric filter

Capital cost = $23,900

Annual cost = = 6,000
$6,000/yr o
c/B = .99 (7,000) = $0.86/1lb

Rack (10% dried)
Emissions = (4 lbs/ton) (29,000 tpy) (0.1) =11,600 lbs/yr

Vent to cyclone

Capital cost = $79,000
Annual cost = 22,200

$22,200/yr  _ |
c/B = T9 (I1,600) $2.13/1b -

Vacuum screen system (50 mesh)

Capital cost = $35,900

Annual cost = 7,300
, $7,300/vr _
c/B = 793 (11,600) ~ 70-68/1b
Column
No data

(:) Shipping
Emissions = (.50) (0.3) (29,000 tpy) = 4,350 lbs/yr

Truck loading (50% by truck)

Adjustable chutes
See Section 2.1

Vent to ¢yclone

Capital cost = $42,700
Annual cost = 8,700

$81700/Xr _
c/B = 0.9 (4,350) $2.22/1b

Enclosure vented to fabric filter

Capital cost = $72,200
Annual cost = 14,900

$l4,900(yr .
c/B = 99 (4,350) $3.46/1b




Railcar loading
Emissions = {(.50) (0.27) (2%,000) = 3,915‘1bs/yr

adijustable chutes
See Section 2.1

Hooding vented to cyclone

Capital cost = $27,000
Annual cost = 5,700

$5,700/vxr
cC/B = .9 (3,915}

Enclosure to fabric filter

= $1.62/1b

Capital cost = $62,700
Annual cost = 12,500

$12,500/yr  _ L
o/B = TOT(ToTS - bo-23/1b




2.7 IRON FOUNDRIES

2.7.1 Process Descriptionl"7

Foundries produce castings for automotlve parts, l;ght and
heavy machinery, pipé and a wide range of miscellaneous products.
The process involves melting scrap metal and/or pig iron (crude
iron in the form of blocks weigﬁing about 100 pounds) and pouring
the molten metal into prepared molds. The two major categories are
"iron" foundries and "steel” fqgndries. Iron foundries may be
further eubdiVided into "gray iéen", "malleable iron" ené ”ductile
iron" feﬁndries, Both 1ron and steel cons;st prlmarlly of elemental
iron but with differing carbon content. Iron contains 2 to 4 per-
cent carbon, and steel conta;ns 1 percent or less. Iron formula-
tions also incorporate varzous amounts of other elem.ents° For
example, silicon content is generally in the range of 2 to 3 percent
in iron formulat:.ons.8 Steel may also contaln alloylng elements.

Iron foundries mey be further cla551f1ed as either "captive®
or jobblng foundrzes. A captlve foundry is one that is a regular
operatlng element of a manufactur;ng establishment and whose
castings are generally made for the products of the parent company.
In contrest, a jobbing foundry is one thet manufactures a variety
of castings which are not used in its own products, but are made
for the products of other companies.

Figures 2.7-1 and 2.7-2 illustrate the process flow in a
typical iron foundry. Theepaeie proeess £low is:essentially the
same regardless of whether the foundry is captive or job shop. |
About 70 percent of the iron melted in the U.S. is produced in
a cupcla furnace.? Cupola capacities range from 1 to 100 tons of
molten metal per hour. Over 60 percent operaie in the range of
3 to 11 tons per hour. (Figure 2.7-3 illustrates a typical cupola

furnace.) The other types of furnaces used in iron foundries are
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o

electric arc, electéic induction and reverberatory. (These furnaces
are shown in Pigures 2,7-4 to 2% 7-7. )

Raw materlals are charged into the cupola through a door in the
top of the furnace. The raw .naterials consist of iron and/or steel
scrap, pig iron, flux materials, ferrosilicon .and coke. Fluxes are
limestone or sxm;lar minerals, that absorb impurities after the
charge has melted. Coke is essentially pure carbon in lump form.
The burning of the coke proviaee Fhe heat to melt the raw materials.

As the charge melts, it descends to the bottom.of the furnace where

-_*the molten metal product is &raxned out perlod;cally. Fresh raw

materials are a&ded to keep the furnace full Operation of cupola
furnaces can be done on a contmnuous ba51s.
The chaxge for electlc arc, electrlc 1nductlon and reverbera-

tory furnaces consxsts malnly of xrcn and/or steel scrap, plg iron

-and llmestone. The reverberatory furnace is heated by flrxng gas or

0il. These furnaces are operated on a batch basis.

The molten metal Ls tappe& irom the furnace at a:téﬁéerature of
about 2900°F into. a ladle or into a holding furnace uﬁiiieii is
ready to be dra;ned into a ladle. ‘The ladle is transported to the
mold line, and molten metal is'poured into prepared molds. The
molds contain the molten iron within the mold form until it solidi-
fies. In péoduction of high strength (“duetiie iron") castings,
magnesium is added to the molten iron by a prbcees called inocula~-
tion. (See Figure 2.7-8 for an illustration of the magnesium treat-
ment methods used to produce ductile iron.) After solidification,
the sand molds and castings are separated, and the sand is recycled
to the mold making operation. Castings are shaken out of the molds,

or the molds are broken away from the castings. - When sufficiently.
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Figure 2.7-5. Channel electric induction furnace.
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cool, the castings are cleaned by shot blasting, and the remaining
excess metal (gates, sprue, risers, flash, etc.) is removed by

sawing, grinding, chipping, cutting, etc. These processes are

generally housed in an enclosure.

Castings éntended for certain uses may be annealed (heat
treated) for several hours at temperatures of 1000 to 1600°F.
Heat treating furﬁaces, fired by gas, oil or electricity, are
referred to by such names as "annealing", "hardening", "car-bottom"
and "traveling hearth" furnaces. Castings that have been7énnealed
in the present of sufficient silicon are referred to as malleable
iron castings. Some duciile iron castings, which are produced by
inoculating the melt with a small'amoﬁnt'of magnesium just prior to
casting, are also aften subjected o anneallng. Fiﬁiéhiﬁé‘cpera—

tions such as shot or sand blastzng, grlndlng and surface coatlng

. may follow the heat treatment. 4_}”

Product;on of molds and cores. 1s.an lntegral part of the
faundry operatlon. A mold is made of sand m;xed in a muller (see
Figure 2 7~9) ‘with water and bxnders,_such as. clay or resins. Pitch
is. somet;mes added to the mold m;xture prlmarmly to prevent surface
defects on the castings. A core is a separable part of the mold
used to‘form a cavity in-the casting. Cores are also made of sand
and binders. Cores may be produced by any one of a number of
processes including hot box, cold box, air set, shell and oil-sand
methodsel7 In the oil-sand process, after the cores are formed in
the desired shape, they are cured either in a baking oven ({(core
oven) at 300-500°F or at room temperature. Curing evaporates
moisture and hardens the sand mixture. Core oveﬁs are fired with

gas or oil.
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. The potent;al sources of fugxtlve emlssmons in iron foundries
include raw material reoezvzng,'storage and handllng, meltmng
furnace charging and tapping, iron 1noculatmon, molten_iroh trans-
porting and pouring, castlng, shakeout, coollng, cleanlng and
finishing, and core and mold @aklng.' Each of these sources is

identified in Figures 2.7-1 and 2.7-2.

2.7.2 Fugitive Dust Emission Factors

The estlmated emLSSlon factors for iron foundry fugltlve
particulate sources are summarzzed in ‘Table 2.7-1. ﬁost of these
emissions factors are.based on "englneer;ng judgment" (source s
termlnology) and very sparse test data. They should be conszdered
of poox reliability. Emlssxon factors were not lncluded for coke
handling and storage at . iron foundrzes. These factors are dlscussed
in Section 2.2.2=-2. Factors are also not anluded for raw mater1a1
handling, storage and transfer operatlons dne to a lack of data.
These sources are deemed to be lnsxgnlflcant as far as steel/iron
scrap is concerned. . '

The emission factors for charglng and tapping of the varlous
furnace types, with the exceptlon of electric induction furnaces,
were derived by assuming a pefcentage of total furnace emissioos.
The emission factor for_electrio_induction furnaces represente total
furnace emissions including charging and tepping emissions. No test
data were ayai;able; and,'the:efore, these factors are unconfirmed
and.heoe a very poor reliabiiiffJ#ating,

The other emission factors are based upon very sparse test data
-and_the soﬁrce‘s engineering:judgment. ;Tﬁe reliability rating for
these factorsois a1$O'very poor;. - |
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TABLE 2.7-1.

FUGITIVE DUST

EMISSION FACTORS FOR IRON FOUNDRIES

OOOEOO OO0

@GO O 6

NA = Not available
aWith no alloying in the
byith alloying in the ladle.

Csand unloading emission factor is assumed to be equivalent

produced

1ad1e. 3

unloading emission factor as presented in Section 2.1.3.

from storage are estimated to be negligi
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* —-___—_—-_——_-——_—____-—____—_———_-__—"-—-T——__—-—r—-—-———-
' . _ ~ Reliability -t
Source Emission factor . Rating - Reference
Cupola furnace charg- 0.1 to 2.0 1b/ton'ifon B 1.
ing and tapping produced
Electric arc furnace | 0.7 1b/ton iron charged® E 19
charging a_n_ci tapping | 1.4 Tbs/ton iron charged
Electric induction 1.5 1b/ton'iron - E 1
furnace melting, produced
charging and tapping
Reverberatory furnace| 0.1 1b/ton iron E 3
charging and tapping produced
Ductile iron inocu~ 3.3 to 4.5 1b/ton iron D 4,5
lation ~ produced
Pouring molten metal 0.1 to 4.13 1b/ton jron D 4,6
into molds produced - : .
Casting shakeout 1.2 to 12.8 1b/ton iron E 4,7
NI _ produced -
Cooling and ciean- | 0.16 to 0.8 1b/ton D a7
ing castings castings produced
Finishihg castings 0.01 1b/ton castings E 7
gl SR SN . produced
Core and mold sand un-j -
loading and storage: I T e i
mechanical handling | 0.03 1b/ton:sand unloaded® E 20
pneymatic handling R NA
Core sand and 0.3 1b/ton sand mixed E 2
binder mixing or S : y
o 0.75 to 8.24 1b/ton iron E 4,7
Core making 0.35 1b/ton cores produced E 2
Core baking 0.03 to 5.4 1b/ton cores E, 7,9,20
baked ittt §
Mold sand preparation| 1.3 1b/ton castings 3 8
S produced _ :
Mold making - 0.04 1b/ton castings 3 7

‘to the taconite pellets
Fugitive dust emissions
ble since sand is normally stored indoors.



N

3

2.7.2' Particle Characterization21

The composztlon and partlcle size of dusts £rom various foundry

operations w1ll vary consxderably. For example, dusts from a casting

__shakeout are mostly very fine carbonaceous materlal. On the other

hand, dust from the grlndlng of castings contains coarse, freshly
fractured partlcles, along with elemental 1ron, iron oxide and sand
partlcles. Table 2.7»2 lndlcates the characterlstlcs and sources
of emissions in various foundry operations.

Much of the information a§ailab1e on particle characteristics
is for tﬁe stack (non=-fugitive) emissioﬁs from cupola and electric

arc furnaces. However, since such information may be of value in

' approkimating the particle characteristics of fugiﬁive dust emission

sources such as furnace charging, tapping and leaks, it is presented
in this section. ‘
The range of chem;cal composition of stack em;sszon components

in cupola dust has been reported 1n the llterature as shown in
Table 2.7-3. Table 2. 7*3 indicates that OXLdES of iron and silicon
and combustlble materlals form a- hlgh proport;on of cupola ‘dust. -

. particle size distribution studies have been performed for
staok emissions from cupola furnaces. The data reported in two

majoxoStudies j¢ shown in Tables 2.7-4 and 2.7-5. There is very

1ittle information in the literature on whether or not a relation=

ship exists between particle size distribution and chemical
composition of cupola emissions. One source dohjectukés that a high
petcentage of less than 5 micron particleé is geneﬁally'observed
with substantial percentages of metallic oxides. On the other hand,
a high percentage of greater than 4.4 micron partiolés co#responds
to significant amounts of silicon oxides from foundry returns, dirty

scrap and combustible materials.2’
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TABLE 2.7-2. PARTICULATE EMISSION CHARACTERISTICS FOR VARIOUS
FOUNDRY OPERATIONSZ2

W

Wm_ﬂﬂﬂ———mm"——_—”—_—mmm——_'

FOUNDRY OPERATION TYPE PARTICLE SIZE (um}
Raw material storage ahd charge makeup:
Store metal scrap, coke,'1imestdne, Coke dust Fine to coarse
dolomite, fluorspar, silica sand imestone and 30 to 1,000
sand dust ' X
Centrifuge or heat metal borings 0i1 vapors .03 to-1
Smoke .01 to .4

and turnings to remove cutting 01l

Weigh charge materials

Melting:

Cupola furnate

Electric arc melting

Induction furnace

Reverberatory (air) furnace

Furnace charge preheating or drying

Ho1ding furnaces
Dﬁp1exing furnaces

Inoculation
MQ”I ding, pouring and shakeout:

Molding

1 Unbyrned hydro-
carbons

Coke dust
Limestone dust

Fly ash

Coke breeze
Smoke

0i1 Vapors
Smoke

0i1 vapors

0i1 vapors
Smoke

0i1 vapors
Metallic oxides
Fly ash.
Smoke .

0i1 vapors .
Metallic oxides
Metallic oxides
Iron oxide

011 vapor

0i1 vapor
Metallic oxides

'Metai'oxides

Sand
| Dust

2-221

Metallic oxides

Metallic oxides

Fine to coarse
30 to 1,000

"8 to 20

Fine to coarse

~,01 to .4

Up to .7
.03 to 1

01 to .4
Up to .7
.03 to 1

.01 to .4
03 to 1
Up to .7

8 to 20

001' tO 04

.03 to 1

75% - 5 to 60

©(bottom fired)

0 to 20

(top fired)

Fine to medium

_ 03 to 1

.03 to 1
Up to .7

Up to .7

Coarse



TABLE 2.7-2. CONTINUED

TYPE

PARTICLE SIZE (um)

FOUNDRY OPERATION - ..

Pouring:

Gray and ductile iron
Malleable

Shakeout

Cleaning and f1n15hang
Abras1ve c]ean1ng

Grinding -

Annealing aﬁd[beat treating
Sand conditioning:

New sand stérage
Sand “handling system
Screentng

M1x1ng
Drying and §gc1am§£jdﬁ
Sand'§tdfége

Core making

Baking

Core gases
Facing fumes
Metallic oxides
Fluoride fumes

1 Magnesium oxide fumes

Synthetic binder smoke
and fumes

Sand fines

Smoke

. {Dust

'3: Dust

Metal dust

Sand fines

Abrasives
Wheel bond material -~
Vitrified resins '

011 vapors

Fines
Fines
Fines

Fines
Flour
Bentonites
Sea coal
Celluiose

| Dust

011 vapors
Sand fines -
Flour
Binders

Sand fines
Dust

Vapors

_{ Smoke

Fine to medium

0.1 to .4

50% - 2 to 15
.01 to .4
50% - 2 to 15

50% - 2 to 15
Above 7

‘Fine to medium

504 - 2 to 7
Fine
50% - 2 to 15

.03 to 1

50% - 2 to 15
50% - 2 to 15
50% - 2 to 15 -

80% - 2 to 15

Fine to medium
Fine to medium
Fine to medium
Fine to medium

50% - 7 to 15
.03 to 1

Fine

50% - 7 tp 15

Fine to medium
Fine to medium

S USSISNE SRS eSS S
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TABLE 2.7-3.  CHEMICAL COMPOSITION OF CUPOLA DUST23

% by Weight
Component Mean Range Scatter Values

Si0p _ 20-40 ' 10-45
Ca0 . 3-6 2-18
Al203 o - 2=4 0.5-25
Mgb 1-3 0.5-5

Fe0 (Fe203, FE) - 12-16 5-26
MnQ - S 1-2 0.5-9 -
Ignition Loss (C,S,C02) | 20-50 10-64

TABLE 2.7-4.  PARTICLE SIZE DISTRIBUTION OF DUST EMISSIONS
FROM BOTH COLD AND HOT BLAST CUPOLA FURNACE STACKS24

Cumulative Percent by Weight
for Indicated Particle Diameter -
Particle Size (um) Cold Blast Hot Blast (acid)®

<1000 . . ...} 90-100 95-100

< 500 . . - 80-90 90-100

< 200 60-80 , 65-95

< 100 _ 40-65 _ 40-80

< 50 20-50 ' - '30-80 -

< 20 : - 10=30 20-40

< 10 5-25 _ 15-35

< . 5 , 2-20 10-30

< ~ up to 15 5-20 -

4 ¢cupola supplied with a preheated air blast and where slag
is formed due to acid constituents originating from the
_ furnace lining. :

TABLE 2.7-5.  SIZE DISTRIBUTION FOR PARTICULATE EMISSIONS
FROM EIGHTEEN CUPOLA FURNACE INSTALLATIONS2S

. -

Cumulative Percent by Weight
Particle Size {wm} for Indicated Particle Diameter
< 2 P 14
< 5 - 24
< 10 . 34
< 20 _ ' 44
< 50 61
< 100 T 78
< 200 - 93
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Chemical composition or particulate emissions from electric arc
furnaces at three iron foundries has been reported in one literature

source and is shown in Table 2.7-6. The main components in these

.emissions were iron oxide and silicon dioxide, while substantial

amounts of oxldes of manganese, aluminum and magnesium were found.

- The emissions consxst -almost entirely of the oxldes of various metals

charged, Wlth lesser amounts of furnace refractories and fluxing

materlals which were used.28

TABLE 2.7-6. CHEMICAL ANALYSIS OF 'PART”'I.C:UIATE EMISSIONS
S .. FROM AN ELECTRIC ARC FURNACEZG

Propcrtlon of Total Particulate,
' Weight - Percent .

Constituent ’ Foundry A | Foundry B Foundry G
Iron oxide 75~-85 _ 7585 75-85
Silicon dioxide 10 10 10
Magnesium oxide : 2 0.8 1
Manganese oxide 2 2 2
Lead oxide 1 2 0.5
Alumina 0.5 1 0.5
Calcium oxide 0.3 6.2 0.8
zinc oxide 0.2 2 0.3
Copper oxide 0.04 0.03 0.01
Lithium oxide 0.03 0.03 0.03
Tin oxide .. 0.03 0.3 0.02
Nickel oxide . 0.02 0.03 0.01

. “Chromium oxide : . 0.02 0.07 0.01
Barium oxide 0.02 0.07 0.01
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Particle size distributions of particulate emissions have also
been determined fpr electric arc furnaces at three féundries. These
distributions are shown in Table 2.7-7. It is reported that particu
late emissions from electric arc furnace meltlng and reflnlng are
gquite small in diameterx. Table 2.7-7, which indicates that 80
percent of the emissions have a partlcle dlameter smaller than 5
microns, confirms this conclusion. A second lxterature reference
indicates that 90 to 95 percent of the fumes from electrr; arc
furnaces are below 0.5 microns in size.?? Another literatﬁre source
reports that 75 percent of the particulates are less than 5 microns

in diameter with a mass medran diameter between 2.27 and 2. 33 um.3°

TABLE 2.7=7. PARTICLE~SIZE DISTRIBUTION FOR PABQICULATElEMISSIONS
FROM THREE ELECTRIC—ARC”?QRNACE IﬁSTALLATION53

W_-W
Wﬂm—_uw

a— m——

Cumulative Percent by Weight
for Indicated Particle Diameter
particle Size (um) | Foundry A Foundry B Foundzry C

< ) 5 - 8 _ 18
< 2 15 54 6l
< 5 28 80 - 84
< 10 < 41 89 91
< 15 55 93 94
< 20 68 .96 . 26
< 50 98 © 99 | 99

s

The chemrcal composrtlon and particle szze dlstrlbutlons of
particulate em1531ons from both cupolas and electrrc arc furnaces
are highly variable and are dependent on a. number of factors. One
literature source concludes that the type of cupola emissions are
more affected by the quantity and quality pf charge materials, and
that the nature and cleanliness of the chargéd materials are the
most important factors in determining the type of emission from

electric arc furnaces.32
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pre—clean;ng of dirty scrap is not economlcally feasible.

2.7.4 Control Methods

Raw material handling, storage and transfer operations as such

are not addressed here but are discussed in Section 2.2 for coke

and limestone. These operations for the iron and steel scrap are

.assumed to be 1ow em;ss;on sources, and no control is recommended.
| Reduction of emissions from melting operations is enhanced
when clean scrap is used in the raw charge. Clean materials that
are essentially devoid of dirt, oil or grease carry no extraneous
bﬁrdeﬁ into énd through the furnace. Use of clean scrap, or - the

pre-cleaning of dirty scrap before use, are useful and -appropriate

measures worthy'of'cbnsideration'and'adjunctive to. ahd supportive

of other control measures. However, i+ has been reported that the
33

Chargxng and tapping emissions from the cupola may be controlled

' by hoading the charging and tapping areas and venting the system to

fabric filters or scrubbers. Another system that may be used is’

building evacuation and venting to a fabric filter. Proper sizing

of the primary control system to maintain continuous draft through

the chérging_&obr will help alleviate fugitive emissions.l3 Cupolas
with.abbve or below charge takeoffs can maintain a strong in-draft
through the charge door and eliminate the escape of fugitive emissions.
Typicél control devices used for electric arc or glectric
induction furnaces include a localized, fixed capture hood and a
fabfic filter or wet scrubber. The design air volume reguired to
ﬁehtilate an elecffic arc furnace with an integral hood is approxi-
mately 2,500 cfm per ton of Charge.7'34 This level of ventilation

should provide effective capture of charging and tapping emissions:
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Newer furnaces can utilize tﬁe above system, canopy hoods (roof
mbunted hoods) ox difect shell evacuation.3°. The latﬁer two control
measureé may not be feasible on_olde? furnaces due to space and
désign'constraints. ‘

General;y, cohtrol_measuxes for charging, melting and tapping
émissions fiom reverberatory furnaces have not been require&.because
of their relatively low emission rates.35 However, collecéion of
charging and tapping emissions, as well as furnace emissions (if no
' stack discharge) is technically feasible thru the use of local;zed
hooding or building evacuat;on with exhaust to a fabrlc f;lter or
-electrostatic precipitator. Su¢h control measures may have to be
implemented especially for reverberatory fuxnaces that.ére or will
"be using pulverized coal. ) | o _

Technically feasible methods for capturlng fugltlve dusts from
all furnace operations include building evacuatlon or local exhaust
systems. (See Figures 2.7-10 and 2.7-11 ﬁor_examples.) Bulldxng
" evacuation to a collection device can_conﬁrol emissions from all
sources in a foundry such as castlng shakeout, coolxng, cleanlng
and finishing. (One source reports that the use of bulldlng evacua-
tion or general dilution ventilatiqn systems thhput_separate
‘primary emission capture is-unlikely to provide a.suffigient degree
of control for airborne contaminants in most foundrmes £0 meet
OSHA'S permissible exposure llm;ts.for”such.contam;napts.33) OnlA
the other hand, local exhaust control systems generally serve
specific sources. Because of the large exhaﬁst volumes énd attend-
ant high operating and capital costs for total buzldlng evacuatlon

systems, the local exhaust methods are usually favored.
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In recent years, ductile iron inoculation stations have heen
equipped with collecting hoods or have been installed in enclosed
rooms. The evolved gases are exhausted to a dust collection unit.
Medium energy wet scrubbers and fabric filters have been used for
dust collection. 38

A side draft hood-is_often provided for the poﬁring area, and
the mold cooling conveyor between the pourihg and shakeout areas is
often fully hooded with sheet metal. Also,'the use of hooding as
;llustrated in Figure 2. 7»12 is ancther successful system for
capturlng emissions from pouring and mold coolzng. In this system,.
air is blown downward from the upper edge of the hood along with the
pourlng and mold coollng em;ss;ons. A varlatxon of this system
cons;sts oﬁ ut11121ng an incoming éraft from a floor grating rather
than £rom the front edge of the hood. - For smaller foundries, a
movable pourlng hood as shown Ln Flgure 2.7-13 may be effective.40
In practlce, pour;ng and mold coolmng em1551ons, .especially for
smaller pro&ucteon and Jobblng foundrles wmth non-fixed pouring and
coolxng locatxons, are usually exhausted dzrectly €0 the atmosphere

without control.%l If control measures are deemed necessary, the

hoods may be vented to wet scrubbers.;_ee

1

Fugitive dust emlsszons from the shakeout area are usually
collected via a side or bottom,draft hood or a partial enclosure.
Duct systems from the shakeout usually lead to a single control
device, frequently a wet scrubber or fabric filter. Figure 2.7-14

illustrates a shakeout ﬁith an enclosure vented to a wet scrubber.

2-224



e

] | Molds

N IS
1 :'

- - A
o et
g |
BN
oy St |
e R

0
-
. . A\A.

Figure 2.7-12. Hooded pouring station.3?
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Figure 2.7-13. Movable pouring hood.42
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* Particulate emissions from cleaning and finishing operations
may be captured by local exhaust systems connected to either dry
mechanical collectors (i.e., cyclones), fabric‘filters or wet
collectors. Particulate emissions from abrasive shot blasting and
tumble cleaners is commonly controlled by fabric filters or medium
energy wet_collectors. ‘Dry mechenica; collectors are a;eq:used at
abrasive cleaning processes. Grinding ope:ations.ere noimelly pro-
vided with local exhaust hoods conﬁected to_either high efficiency
centrifugal collectors (mnltiple.eyclones) or" fabric filters. %4

Coremaking effluents consist primaﬁily'of]the_geses emitted
from the:cold box, hot box, bake ovens and_shell'édre machines and
are usuaily exhausted to the atﬁosphereithreugh a ventilation system
or are passee through an edor ecrubber begare venting to the
atmosphere. 44 che oﬁens, wﬁeﬁ operated beiow 400°F end fired with
natural gas, do not generally requmre air pollutlon control eguipment
and may be vented dlrectly 0 the atmosphere. Em;ss;cns can be
reduced by modzfylng the composztlon of the core bznders and lowering -
the bakmng temperatute 45   _ _ ' e

- Medium energy wet collectcrs are best suxted for molst san&
pﬁeparation and handling. When dry sand conditions exist, fabric
filters are occasionally used. Often some type.of hood is used to
.captuﬁe emissions in sand conveyor systems_especially at eransfer
points. As with many other §rocesses,'dﬁetwork and exhaust fans
are- required in a complete collection system,44 (Pigure 2.7-15
illustrates the capture design on a typical sand~handling system.)

Table 2.7-8 summarizes the available control.techniques, their

- effectiveness, estimated costs and RACM selections.
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2.7.2 Recommended Reasonably Available Control Measures (RACM)

The RACM selections for irou-foundrytfugitive sources are
presented in Table 2.7-3. | 1 - |

The recommended control measure for cupola furnace charglng.
emissions is the maintenance of suff1c1ent draft through the charge
door to effectlvely contain charging em1531ons and vent them to the
existing primary control devxce.. This is the most effectmve means
of control that would not requlre a large capltal outlay for cupolas

having . ebove-charge and below-cherge take«offs. However, under thls

~control measure, cupola furnace tapping em;ssxons would be

uncontrolled.

For control of electric arc and large electrlc 1nductlon |
furnaces wh;ch have prlmery controls, the selected RACM ls ma;ntew
nance of a continuous draft durlng the chargmng and tapplng opera-
tions through the exlstlng hood;ng ‘for prxmary control. Thlsf3f
technique could involve some modlflcatlons or extensxons to the
exlstlng hoods to assure good capture. For furnaces which do- not
have prxmsry contrcls, RACM conszsts of local;zed and canopy hoodlng
which is vented to a febrlc fllter. For very small electrlc lnduc—
tion furnaces wh;ch have mlnzmal v1s;ble em;ssmons, no contrel is
recommended. |

No control is recommended for reverberatory furnaces since.

these are very low emitters of particulate matter and are not

‘usually controlled.

The recommended RACM for ductile lron inoculation is hooding
with exhaust to a fabric fllter or wet scrubber. This system gives

very good control and is commonly applied on existing foundries.
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The RACM selected for hot metal pouring operations is hooding
and local exhaust to a wet scrubber. This.type of system
 §r§vides.very gbod control (95%).

.The selected RACM for control of the casting shakeou£ fugitive
emissions is a system of hoods ducted to a common- fabric filter or
ﬁétISéfubber. This system would be d351gned to handle exhaust gases
from the cleaning. and coollng ef castings, flnlshlng operatlons,
sand and binder mix;ng, core and mold makeup, and sand preparatlon
and handliﬁg'cperétipns. This system is very effective and is used
iﬁ:existihé foundries. | | [ |

The sand uthadiné cperatidns (truck or-raiicéx dumping into
recelv1ng hopper) can be effectively controlled by use of wet
suppress;on._ Other optlons offer lnferlor control at costs on the
'lsame order of magnltude. For the pneumat;c unloadlng and stcrage
of sand, the general 1ndustry pract;ce is the use of a fabrlc filter
_to control emissions from the storage hcpper vent. e

No control was selected for the core baking operatzon since
withupréper opération:this'is a relatively minor source of

particulate emissions.
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APPENDIX FOR SECTION 2.7

Assume furnace capacity = 11 ﬁph or 33,000 tpy

®

Cupola furnace charging and tapping - - :
Emissiorns = (1.05 1b/ton) (33,000 tpy) = 35,000 1bs/yr

Hooding, vent to fabric filter

Capital cost = $336,000
Annual cost = 82,000

$82,000/yr  _
c/B = Tﬁ“?%ﬁ?ﬁﬁ%T* = $2.60/1b

Building enclosure evacuation to fabric filter

No data

Maintenance of conﬁinuous draft through charge door

Capital cost = $150,000
_Annual cost = 30,000

T $30,000/yF oo

¢/B = .70 (35,000) }— $;722(13_

Electric arc furnace charging and tapping LU
Emissions = (0.7 lb/ton) (33,000.tpy) = 23,100 lbs/yx
(no alloying in ladle); (1.4 1lbs/torn) (33,000 tpy) =
46,200 lbs/yr (with alloying in ladle) '

Hooding, vent to fabric filter

Capital cost = $336,000
Annual cost = 82,000

$82,000/yr _
~5—133,100) = $3.94/1b

i

C/B

&,

$82,000/yx
c/B = T?“TZET?E%) = $1.97/1b

Building enclosure, evacuation to fabric filter
‘No data . .

Maintenance of continuous draft during charging and tapping

Capital cost = $20,000
Annual. ¢ost = 4,000

$4,000/9r
c/B = —=—133,1007 = $0-25/1b

_$4,000/yx
C/B = —=—(36 . 200) = $0.12/1b
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Electric induction furnace melting, charging and tapping
Emissions = (1.5 .lb/tomn) (33,000 tpy) = 50,000 lks/yr

‘Hooding, vent to fabric filter .

Capital cost = $336,000
Annual cost = 82,000

$82,000/vyx ’
C/B = .9 (50,000) = $1.82/1b -

Bu;ldlng enclosure, evacuatlon to fabric fllter
"No data . _

Maintenance of continuous draft duringgphafging and tapping

Capital cost = $20,000

Annual cost = 4,000
o ©_84,000/yr

Reverberatory furmace charging and tapping
Emissions = (0.1 lb/ton) (33,000 tpy) = 3,300 lbs/yr

Hooding, vent to fabric filter or ESP

Capital cost = $336;00

Annual cost = 82,000
et
c/8 = T (3,000) - $27.61

Building enclosure, evacuation to fabric or ESP
No data

Ductzle iron lnoculatlon R ,
‘Emissions = (3.9 lbs/ton) (33,000 tpy) = 129,000 lbs/yr

Hooding, vent to fabric filter or scrubber

Capital cost = $153,000

Annual cost = ~-33,000
$33,000/yx  _
c/B = 075 (129,000 - $0.28/1b

Room enclosure, vent to filter or scrubber
No data
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Pouring molten metal
Emissions = (2.115 1lb/ton) (33, 000 tpy) = 70,000 lbs/yx

Hoods, vent to wet scrubber

Capital cost = $63,000

Annual cost = . 17,000
$17,000/yx _ o
c/s = 795 (70,0000 ~ $0.26/1b

Casting shakeout o : -
Emissions = (7.0 lb/ton) (33, 000} = 231,000 lbs/yr

' Hoods,~vent'to wet scrubber or fabric filter

Capital cost = $234,000
Annual cost = 82,000-

$82,000/yr
.95 (231,000) + 9 (16 0G0) + .95 (330) +

C/B

75 (148,500) * .9 (1,000) + .9 (43,000) + .9 (1,300
= §0.20/1b D

Cooling and clean;ng castzngs
Emissions = (0.48 lb/ton)(33 000 tpy) = 16 000 lbs/yr

Hooding, mechanical collector, fabrice fllter or scrubber

ee@

C/B = $0. 20/lb

Elnlshlng castlng
Emissions = (0.01 1lb/ton) (33, 000 tpy) = 330 lbs/yr

Hoodlng, vent to mechanical collector, fabrlc fllter or scrubber

See(:)

4/8 = $0.20/1b
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Enclosure

Core and molding sand unload:.ng and storage
Mechanical handling .

Emissions = (.03 1b/ton) (33,000 tpy) (15) (.5) = 7,000 lbs/yr

Hooding, vent to mechanical collector -

Capital cost = $33,600

Annual cost = - 12,000 -
_$12,000/yxr
c/B = 8 (7,000) = $2.14/1b

Wet suppression (chemxcal) B

Capital cost = $26 000

Annunal cost = 7,000
$7,000/4F _ _ 1.18/1b

¢/B = -85 (7,000)

Capital cost = $15,000
Annual cost = 3,000

$3,000/yr _ _
c/B = 5 (7,000) $0.85/1b

Pneumatic handling

Emissions = NA

Vent Storage hopper to fabric f£ilter
No data

Core sand and binder mixing
Emissions = (4.5 1lb/ton) (33,000 tpy) = 148,500 lbs/yr

Hooding, vent to mechanical collector or fabric filter

See @

Core makiné‘ :
Emissions = (0.35 1b/ton cores) (3,300 tpy) = ~1,000 lbs/yr

C/B = $0.20/ib

Hooding, vent to fabric filter

See(:) c/

B = $0.20/1b
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@ Core baking ' _
Fmissions = (2.7 lb/ton core) (3,300 tpy) =_9,000 lbs/yr

Afterburners

- C/B

Capital cost = $35,000

annual cost = 21,000
$21,000/YC_  _ <0 cq/1m
= 5 (35,0000 = $2.39/1b

Mold sand preparation R _
Emissions = (1.3 lb/ton) (33,000 tpy) = 43,000 ibs/yx

Hooding, vent to fabric filter or scrubber

See(:)

c/B = $0.20/1b

@ Mold makeup ' ST _
Emissions = (0.04 1b/tom) (33,000 tpy) = 1,300 lbs/yr

Hooding, vent to fabric filter or scrubber

Seec:)

¢/B = $0.20/1b
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2.8 STEEL FOUNDRIES

2.8.1 Process Description

‘Most steel foundries are operated independently from any
integrated iron and steel mill. They ptoduce low carbon content
(1 percent or less) steel castlngs for use within the foundry to
produce another product or by manufacturers of heavy egquipment.

Several types of furnaces a;e used:to melt the raw materials
used to produce these steel castings: dlrect electric arc, electric
induction, open hearth and.cﬁﬁcible. The crucible furnace is not
in Widaépread use. ' (See Sections 2¢2.3fand 2.7 for lllu$trathns
of some of those types of fuxnaces ) o o -

Flgure 2.8~1 Lllustrates theé process flow for a typical steel
foundry operation. The melt;ng furnace is charged through a door
or opening with raw ‘materials such as steel sc¢rap, pig iron,
ferxoaiioys and limestone. These materials melt as the furnace
temperétuxe is increased. ﬂhen the teméerature reaches about
3000°f, the furnace is tapped and molten metal f£lows to a holding
ladle.~ The molten metal is transferred from the holding ladle to
a pouring ladle and is then poured into prepared molds. The
molteﬁ éteel sets to form castings which are then shaken out of
the mold and allowed to cool fuxtherf. The castings are usually
cleaned by shot blasting, and excess metal and surface defects are
removed by localized melting and grinding. Finishing operations
may include heat treatment in a soaking_pit or fu:nace_and surface
painting}' | : | |

Production of molds and cores is an integral part of the
steel fouhdry operation. A mold is usually made of silica sand
{although zircon and olivine sand are also used) mixed with water
and binders such as clay, pitch or ceréél. The mixture is transferred
to a molding area, where it is either mechanically or hand packed

into a flask.
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A core is a separate part of the mold that provides a cavity in the
castings. Cores are usually made of sand and bznders and are usually, but
not always, bound to the mold wmth core paste.. The core must be strong
enough to withstand the temperature an& Qressure of the moltan metal within
the mold. Silicate, resin, oil and cereal binders are used to provide this
strength. After the cores are formed, they may_be baked in ovens oxr cured
by carbon dioxide, air, a tertiary amine catalyst (Isocute procesé)-ér by
using heated core boxes (shell and hotbox processes) | :

The potential fugltlve emzssxon sources assoc;ated with steelifounaries
are raw material handling, storage, and transfer operatlons,'charging and

. tapping of the melting furnaces, pourlng into molds, cast;ng shékeoﬁt,
cleaning operations, finishing operations, sand preparat;on, and ﬁoid and
core maklng.' |

Large steel foundries operate contlnuously, 24 hours a day, 7 days a
wéek, while smaller foundries Qperate only 8 hours a day._ The capac;ty of a
‘oundry depends'upon the number and size of furnaces; but typ;cally ranges

h oy

from 25 to 240 tons of steei produced per day.

LJ

2.8.2 Fugitive Dust Emission Factors.

The éstimated emission factors for steel foundry fugitive particuiaée
sources are summarized in Table 2.8-1. There is practicaliﬁ.no daﬁa'availabl
on fugitive emission rates from steel foundries; and, therefore, it is
suggested that emission factors for iron foundries (Section 2.7) be used for.
steel foundries. These are also iﬁaluded in Table 2.8-1 for informational
purposes. -

It should be noted that use of the iron foundry emission factors for
mold sand preparatlon, core sand and binder mixing and mold making may not
be directly applzcable to such operations at steel foundrles due to differenc
in yields and possibly in sand to metal. ratlos between steel and iron casting
oroduction. Such differences should be evaluated and, if necessary, adjustme

made to such emission factors to reflect any differences.
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TABLE 2.8-1. FUGITIVE DUST EMISSION FACTORS FOR STEEL FOUNDRIES®

Reliabllity

Source Emission factor rating Refarances
(:) Electric arc furnace |1.05 to 3.48 1b/ton E 1.2
charging and tapping | steel
@) Electric induction | 0.1 1b/ton metal E 3
furnace melting, charged -
charging and
tapping
@Open hearth furnace |0.1 to 0.9 1b/ton E 4,5
" charging and tapping metal charged
(@) Crucible furnace 0.1 to 0.6 1b/ton E 6
charging and tapping metal '
() Hot metal pouring  |0.55 to 4.13 Tb/ton | D 7,8
SO metal o |
(6) shakeout of 1.2 to 12.8 1b/ton E 1,9
castingsP steel
(:)Cooling and cleaning | 0.16 to 0.8 1b/ton E -9
castingst . castings |
Finishing castingsP | 0.01 1b/ton castings E 9
Mold sand b 1.3 1'b/toﬁ castings E 1
preparation ' p
(10) Core and mold =
-~ sand unloading . _
and storage: . '
mechanical handling | .03 1b/ton sand E 6
: .unloaded® o :
pneumatic handling NA o
(i) Mixing of core | 0.3 Ib/ton sand, or E 10
~ sand and binde 0.75 to 8.24 1b/ton E - 1.9
CEDCore baking' 0.03 to 5.4 1b/ton E 6,9,10
cores baked
(3 core making® | 0.35 1b/ton cores E 10
Mo]d maki ng:b_ 10.04 1b/ton castings

‘NA = Not available..

2 Where ranges are given, use
D gmission factor given is for iron foundries.

average unless more accurate data is available.

€ Sand unloading emission factor is assumed to be equivalent to the taconite

pellets unloading emission factor as presented in Section 2.1.3.

Fugitive

dust emissions from storage are estimated to be negligible since sand is
normally stored indoors. : 2
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2.8.3 Particle Characterization

Data on particle characteristics specific for steel
foundries weré not found in the literatu#e. Data weﬁe available’
for iron foundries. The available_aata are presented
similar for steel foundries. The évai;ab1e_data are. presented
in Section 2.7.3. | N |

2.8.4 Control Methods

Control techniques available.for steel foundriés are'gssenf_
tially the same as those for jron foundries. Section 2.7.4 :
presents a.discussion of aﬁailable control options. _'.'

Available control: techn;ques, thexr effectzveness, est;mated
costs and RACM selectiomsare l:.sted in Table 2. 8-2. Where data
were unavailable, it was assumed that control character;stlcs
would be the same as those for control of iron foundr;es
(See Section 2.7. 4).

2.8.5 Recommended Reasonabl avazlable Control Measures (RACM

The RACM select;ons fax steel foundry fugltxve sources are
presented in Table 2. 8—2.; It is noted that the reductlon of
emission from meltmng epefaﬁzons zs enhanced when clean scrap lé
used in the raw charge.f Clean matexlals that are essentlally
devoid of dirt, oil or grease carry no extraneous burden into’ and
through the furnace. Use of clean scrap, or- the pre-cleanlng of
dirty scrap before use, are useful and apprcpxzate measures
worthy of cbnSideration as adjunctive to and supportive o£ other

control measures.
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The selected RACM for control of electric arc, electric
induction and open hearth furnaces is predicated upon utlllzatlon
of an existing capture and control system to effect emission
control at charging and tapping operations. The RACM technique
may necessitate modification of the existing hood(s) and duct
system(s) and may regquire the eddition of control device capacity.
For electric arc and open hearth furnaces with no primary controls;
RACM coﬁsists of localized and canopy hooding vented to a fabric
filter. For electric induction furnaces with no primary controls,
.RACM is no control. o o

. No control is recommended for cru01ble furnaces since these
are fairly low emitters of partlculate matter, are not usually
'controlled, and are being phased out. of the zndustry.

The RACM selected for hot ‘metal pouring opexatlons 1s hoodlng
and local exhaust to a fabric filter. .This type of system_g;ves
an estimated 95 percent control and has typically been empioyed at
feundries.f -

The selected RACM for control of the castlng shakeout fugitive
emission is a local exhaust system compr;sed of hood{s), ductwork
-and a fabric f;lter. Comblnatlcn systems can be deszgned to.
flhandle exhaust gases f:om the cleanlng and cool;ng castzngs,
'flnlshlng operatmons,'sand and blnder mlxlng, core and mold make
| up, sand preparatlon and handling operatlons. Such systems are.
very effect;ve and are used in existing foundrles. |

For xllustratlons of some of the above control methods, see

| Seetlon 2.7.
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APPENDIX FOR SECTION 2.8

Assume 100 tpd steel préauction, 93% yield apd 108 tpd input

©,

Electric arce furnace
Emissions = (2.3 lb/ton) (100 tpd) (365 d/y)
= 83,950 lbs/yr .

Hooding, vent to fabric leter

(249 5) $336,000

Capital cost = $275,000 (204. 204.1) 7
(249.6) _ won men
Annual cost = $67,100 (304.1) — $82,000
_$82,000/YT _ _ ¢ 0o/1b

c/B = .9 (83,950)

Building enclosure, evacuatzon to fabric filter
No data -

Maintenance eof continuocus draft during charging and tapping

. (249.6)
Capital cost = $16,800 = (204.1)

Annual cost = $4,000

$4,000/YF  wr am i
c/B = _Tﬁ"Tﬁ?“?%ﬁT = $0.07/1b
Electric induction furnace, chaxglng ‘and tapping
Emissions = (0.1 1b/ton) (108) (365) = 3,942 1lbs/yr

= $20,000

Hooding, vent to fabric filter -

See '
CD nssg¢goo/yr
C/B = .9 (3,942)

Building enclosure, evacuation to fabric filter
No data ..

$23.11/1b

Maintenance of continuoﬁs dxaft during charging and tapping

see (U |
$4,000/
Cc/B = .7 (3,942) = $1.45/1b
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®

Open hearth furnace charging and tapping
Em1ss1ons = (0 5 1b/ten)(]08)(355) 19,719 1bs/yr

Hooding, vent to fabr1c filter

see (D . |
$82,000/ ~ .
C/B =9 (19,710 = $4.62/1b

Building enclosure, evacuation to fabric filter

No data

Maintenance of continuous draft during charging and tapping

See (:) “ S
4,000/ yr
C/B = .7 (19,710) ~ $0.29/1b

Crucible furnace charging and tapping - o
Emissions = (0.3 1b/ton)(100)(365) =10, 950 1bs/yr e

Hooding, vent to fabric filter

See (:) L i .
$82,000/yr . on
ws-ﬁ?ﬁﬁﬁ%L $8.32/7b

Building enclosure, evacuation to fabric f11ter
No data.

Maintenance of continuous draft dur1ng charg1n9 and tapaing

see O $4zﬂﬁﬁggg R
c/B = .7 (10,950) ~ $0.52/1b

Hot metal pouring L
Emissions = (2.34 ibs/ton)(36,500 tpy) 85 410 lbs/yr

Hoods, vent to wet scrubber or fabmc f’ﬂter _

(249.6)
Capital cost = 51,500 (204. 704.1) = $63,000

(209.6) -
Annual cost = 15,000 (204.1) 518,000

$18,000/ _
C/B = T@S’st,iTﬁg“" = $0.22/1b
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Casting shakeout Sl -
Emissions = (7.0 1bs/ton) x (100}(365) = 255 500 Tbs/yr

Hoods, vent to wet scrubber or fabric f11ter (Inc]udes control of source
s 7., 8, 9, 11, 13,14)

Capital cost = 190,000

Annual cost = 67,000

$82,000 o
c/B = ‘§§T§§§‘§é%§"¢‘ﬁ“§TT?‘§zo) FO5(365) F LOUAT, 450) T 9(T64.250)

+.9(1,278) + .90 ,460)
= $0.18/1p

(::) Cooling and cleaning castings
Emission = (0 48 1b/ton)(36,500 tpy) = 17,520 1bs/yr N

Hooding, mechanical colTector, fabric filter or scrubber

See TR
/B = 50.18/1b

Q Finishing castmgs'“ | ST e e T
Emissions = (0.01 1b/ton)(36 500 tpy) 365 1bs/yr

Hooding, vent to mechanical collector, fabric filter or scfﬁbbér

See (:)

c/8 = $0. TS/Tb

Mold sand preparation R
Fmissions = {1.3 1bs/ton)(36,500 tpy) = 47 450 1bs/yr -

Hooding, vent to fabmc filter or scrubber

See (:)

c/8 = $0.18/1b
Core and mold sand unlocading and storage

Mechanical handlin
Emissions = (C.03 1b/ton)(36,500 tpy)(15)( §) = 8 213 1bs/yr

Hooding, vent to mechanical collectors

Capital cost = $33,600
Annual cost = 12,000

§12.000/yr - ¢
¢/8 = ;§‘T§TET§§x"' $1.83/1b
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‘_wei suppression (chemical)

Capital cost = $26,000

Annual cost = 7,000
$7 9000/ r F
B - TEEE.ZTEy - 100/t
Enclosure e

Capital cost = $15,000.
Annual cost = $3,000

C $3.000/Y"  _ n vas1i
B = TBlETT - 0.73/1b

Pneymatic handlin
Emissions = HA

Vent storage hopper to fabric filter
No data . _ .

Core sand and binder mixing o
Emissions = (4.5 1bs/ton)(36,500 tpy) = 164,250 1bs/yr

Hooding, vent to mechanical collector or fabric filter

See
C/B = $0.18/1b_

Core baking '
Emissions = (2.7 1bs/ton)(0.1)(36,500 tpy) = 9,855 1bs/yr

Afterburners

Capital cost = $35,000
Annual cost = $21,000

$21,000 o
C/B = “T§“T§,8§§§£" = $2.37/1b

Core making .
Emissions = (.35.1b/ton cores}{.1)(36,500 tpy) = 1,278 1bs/yr

Hooding, vent to fabric filter

See
C/B = $0.18/1b

Mold makeup T
Emissions = (0.04 1b/ton)(36,500 tpy) = 1,460 1bs/yr

Hooding, vent to fabric filter or scrubber

See
C/B = $0.18/1b
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2.9 GLASS MANUFACTURING PLANTS

2.2.1 Process Description

Glass is defined as an amorphous, multicomponent mixture of
inorganic oxides}j As ccommercially produced, thefé are seﬁeral
recognized classifications that are named on the.basis df_com—
.position or feed materials, such as soda-lime, fused silipa,
borosilicate or 96 percent silicé; 1of these classifications,
éoda~lime glass, comprising 90 perceﬁtl of total glass produc-
tion, has been selected for description. The processes involved
;:in making other types of glasses are bééica;ly'the same. Soda-
.'iime glass-consists of sand, limestone, soda ash, cﬁllet (broken,

recycled glass) and small amounts of conditioners such as sul-
. fates. Typical product composition is:?
| 70 to 74 wt. percenélsiozy
.10 to 13 wt. percent CaO, and

. 13 to 16 wt. percenf_Na 0.

2
*A flow diagram of the manufagtgring'process is shown in Figure
L 2.9-1. | | |

The part of the procéss dealing with fééd_méterial storage :
and handling is normally housed separately and is referred to as
the batch plant. The materials are individually received by rail
or truck and are dumped into a receiving hopéér. After passing
through a crusher, it is transferréd_via screw conveyo£ aﬁ&'
bucket elevator to elevated feed material storage hoppers.

Cullet is handled in similar fashion from a surgé hopper. The

major and minor ingredients are gravity fed from the storage
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hoppers to a weigh hopper where proper batch proportions of the
ingrediehts are regulated. The batch is then dropped by gravity
into a mixer from which it is taken by bucket elevator to a batch
éﬁorage bin. The mixed material is charged as needed to the
melting_furnacefthrough:a fu:nace feeder which regulates the rate
of chargingf | “ _. |

The feed_matgriﬁls.charged to_thé.fdrnace are melted and
maintained at 2700 to 3100°F £o promdte.éhémical reaction of the
materials and tbl?;oduée_a_mass of gniform consistenchB."A"
process.known aéffiﬁihg;.ﬁﬁich iécﬁhé?remcval.éf gas bubbles,
also takes place at éhi§ témperatﬁ£é LWhere. the melt viscosity
is minimal. The melt theréafter pasées;ﬁo_the conditioning
section of the furnage;whe:é the:teméeréture is slowly lowered to
2400°F to increase mélt viscosity.aﬁd férming characteristics.4

The furﬁéée most commonly utilized is a conﬁinuous, gas-
fired, regenerative furnace with a glass production capacity of
50 to 300 tons per day.s As shown in Figures 2.9-2 and 2.9-3,

the furnace may have either side or end ports connecting brick

<2

checker-work to the interior of the furnace. The purpose of the
checker-work is to conserve fuel by utilization of the heat in
the combustion products to preheat thé combustion air to the
furnace. To accomplish this economy, the paths of the combustion
air and furnace exhaust gases are periodically reversed from one
end of the furnace to the other.

Furnacés may also be cil-fired and use an alternative heat

transfer system known as recuperative heat recovery. Also,
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REFINER SIDE WALL

MELTER SIDE -WALL THROAT _ GLASS SURFACE IN REFINER
GLASS SURFACE IN MELTER HELTER BOTTOM '
' A~ \ ) . "\ FOREHEARTH
BRIDG e
MELTER ¥ o HALL —
=~ © CROWN - ; T
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electric induction systems may be used té provide a boost in
production rates. Electric induction can also be used exclu-
sively for melting the glass.

After the melt has been refined, it is ready to be formed at

temperatures of 1500 to 2000°F. °

With the exgeption of the float
process, the molten glass leaves the_furﬁaée vié the forehearths
to go to the forming process. ”Deéehdihg upon the desired prod-
uct; forming or'Shaping'of.the melt maffbeidqhe Sy pressing,
blowing, drawing; rblling or:floating;"?téésihg and blowing are
performed mechanlcally uszng blank molds and glass cut into
sections {(gobs) by a set. of shears., In the draw1ng process,
molten glass ls drawn upward through rollers that guide the sheet
glass. The thlckness of the sheet 1s determzned by the speed of
the draw and by the conflguratlon of the draw bar. The rolling
process is similar to the drawzng-prqcess except that the glass
is drawn by plain or patﬁernedtféii¢f§;~ P}ate glass s0 produced
requires grinding and Pglishingol_f&ﬁeifloat procéés.utilizes a
molten tin bath over which.gléss from.fhe melt furnace is drawn
and formed into a finely fiﬁished surface requiring no grinding
or polishing.l

The shaped product may be finished (decorated or coated)
before being annealed,or it may proceed directly to annealing.
Annealing is required to remove stresses incurred in the forming
process. Upon subsequent finishing operations such as cutting or
trimming, the product is cooled to room temperature, inspected

and tested prior to packaging and shipment. Rejected product
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material is crushed to form coarse cullet that is recycled to the
cullet surge hopper preparatory to recharging it to the melt
furnace.

The potential sources of.fﬁgi£i§e.perticulate emissions from
the process area are:
edischarge.of metefieie-from railcar or truck,
storege hoppets; "
feed materials weigh hopper,
feed materials mixer,
melting and refining furnace, and

glass forming area.

HOOO OO

2.9.2 Fugitive Dust Emission Factore_

The fugitive emission factors for the various manufacturiné
peratxons are presented in Table 2 9w l Although there is rec-
ognition of such emissions w1th1n the 1ndustry, the llterature
surveyed contained no’data concernlng fug;tlve emlsslons.:VThe,
factors shown were derived from analogous operations in other
industries. The melting furnace itself'is'a_poiht source having
a stack to vent combustlon and reactlon gases from the furnace.
This exhaust stream is usually routed through a control device
for particulate removal. In the event of furnace leakage, how-
ever, fugitive“emissions would occur in the melt building and
escape to the atmosphere via the roof vents. The emission factor
shown is an estimated portion of the uncontrolled stack emis-

sions.
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TABLE 2.9-1. FUGITIVE DUST EMISSION FACTORS FOR GLASS
' MANUFACTURING PLANTS

) Uncontrolled fug1t1ve emission factor
© Source : : 1b/ton of Reliability
glass produced Reference rating
(:)Feed materials receiving 1. 0 1,8 E
(:) Feed materials transfer to - 0. Sb o 4 E
storage ' s -
(::)Materials batch weighing |~ 0.02° 4 E
@ Materials mixing : 0.04° 4 E
(::)Melting and refining furnace | O.Isdrw 6,8 E
(6) Glass forming " Neg.® 1,6,8 E

a Estimated em1ss1on factor from reference 7 for soda ash and reference 8

for alumina unloading.

Estimated average factor based “upon analogous cement 1ndustry operat1ng
factors from reference 9.

Factors taken from analogous cement industry operations in reference 10.

Engineering estimate that fugitive emissions from the furnace equal 5 per-
cent of the uncontrolled stack emissions. Stack emissions for soda-Time
‘glass manufacture were obtaaned from references 11 and 12

Per references 13 and 14, em1ss1ons from th1s source are vapors, not
particulate.: . . o _ s ih
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2.9.3 Particle Characterization

The particles emanating from the feed materials handling
section of the plant are relatively large in size, 10 to 100 um
diameter,ls and reflect the feed matérials being handled (i.e.,
sand, soda ash and limestone).

Particulate coming from the melting furnace, however, is
smaller in size and has a composition high'in sodium, silicon and

16,17 ites particle sizes less than 1

calcium.l The literature
micron in diameter for the furnace effluent.

Toxicity of emissions, eithef gaseous or pafticuiaté,'has
not been established in the literature surveyed. _The:e_aré
analytical data, however, which:show the{preéeﬁce of fludrides ip :
the particulate emission from the melting furnace when a fiuoride
flux or feed material is em.ployed._18 uTﬁese data_also-shgw_the
presence of gaseous:fluoride, arsenic and hydrocarbons in.ﬁurnace_.

and forming effluent:gases.

2.9.4 Control Methods

A summary of the fugitive emission contioi alternatives is
~ presented in Table 2.9-2. WZS can be seen from tﬁe table, a

variety of methqu are applicable for control of fugitive emis-

sions from feed materials handling. Emissions generated when

feed méterials are discharged from rail cars or trucks may be

cbntroiled by enciosing the site of discharge, by using pneumatic convey-
;ihg removal of receiﬁed material, by employing choke-feeding to prevent
‘flooding of:materia;s from the carrying vehicle or by wetting of the

material with a small amount of water.
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Choke-feeding regulates splids_feed flow by use of a flow
control device such as an intermediate hopper fittea with a motor
drive rotary valve. This prevents flooding, the action when
finely divided solids flow from a container at an extremelynhigh
rate. |
| Fugitive emissions from transfer of feed_materials to stor-
age may be controlled by wet suppression or by enclosufe.and
ventilation to a fabric filter.

Pa;ticulate emissions_from batch weighing and mixing of feed
~materials can be controlléd by the installation of hoods over
these Qperations to dapture the emissions. The hoods_are vehted
via duct work to fabric filters to remove the particulaté,

The melping and_rgfining_ﬁu;naqe_is the major poipt sourée
Qf emissions for giaés ménufaétu;ée EQéﬁ thngh é.furﬁace may
be equipped with a pa:ticqlate_control device, fugitive.emisgions
may result fiom leékage bf_gases through furnace_openings, dete-
riorated ﬁurnape walls_qr frqm badly Qpe;ated_or maintained
controi devices. Therefore, fugitive emission prevention con-
sists of preventive maintenance of the furnaée and the particu-
late Qontrol system.

Preventive maintenance means the making of repairs to
equipment before the neéd for them becomes. apparent. In this
instance, it would involve rebricking melting furnace walls be-
fore the furnace lining shows evidence of deterioration. For a

control device, it would mean the regular periodic servicing of
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associated egquipment to prevent leaks or failure during opera-
tioﬁ,. Examples would be the greasing of air blowers, periodic
examination of blower blades for deterioration orISOIids build-

up, bag replacement for a fabric filter and removal of solids build-
up from the walls of a scrubber.

Particulate emissions are considered negligible from glass
forming operations;and, thus, no fugitive emissions would be
experienced. Gaseous emissions do occur but they are not in the
venue of this report.

“ Dépendihg upon the specific glass manufacturing faéility,
fugitive particulate emissions can also cbme from plant roé&ways
‘and from dﬁtSidé'étorage piles. The control of such emissions
is addreésea iﬁ Section 2.1.

2.9.5 Recommended Reasonably Available Control Measures (RACM)

The recommended RACM for the control of each fugitive emis-
sion is listed in Table 2.9-2. The RACM's were selected on the
bas;s of the degree of controls needed to meet state emission
control regulations, practice'oflﬁhé industry, ease of applica-
tion or 1nsta11at10n and economics. | o

For raw materlals rece1v1ng, enclosure with ventllatlon to
a fabric fllter is recommended on the basis of removal eff101ency
on the largest source of fugltlve emissions. |

- Of the control alternatzves for em1551ons'conﬁrol'frbﬁ feed
materials transfer, wet.suppféSSién is selected on the

basis of industrial practice, ease of application and expense.
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Fabric filter installations are the only listed alternatives
for feed materials weighing and mixing. Such installations are
reasonable because they are practical for the process location,
permit the captured emissions to be feéycléd and are reasonable
in_cost.

'Fo: the melting'and_rgfinipg furnace, p:eventiﬁe_méintenance
of the furnace and associated emiSSidns'cﬁntrcl dévice, if any,
is the only viable alternative. Such maintenance, as explained
earlier, is desigﬁed tc prevent breakdown of the_equipmenﬁ,during
production_time, By éervicing of the equipment at scbedplga
periodic intervals of ﬁtbduction doWﬁtime, noﬁzonlj”are-fﬁgitive
emissions avoided but higher production may be realized dgé to a

decrease of downtime caused by equipment failure.
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APPENDIX FOR SECTION 2.9

Assume an average size plant = 150 tpd or 54,006 tpy glass

(:) Feed materials receiving : .
Emissions = (1.0 1lb/ton) (54,000) = 54,000 lbs/vyr

Closure
Capital cost = $28,000
Annual cost = 9,000
$9,000/vr

¢/B = <5 (54,0007 - $0.33/1b

Closure, fabric filter

Capital cost = $93,000

Annual cost = 30,000
$30,000/yxr

c/B = 79 (5%,000) = $0.62/1b
' Choke-feeding | I

Capital cost = §33,000
Annual cost = $11,000

_$11,000/yx
c/B = .7 (54,000

Wet suppression

= $0.29/1b

Capital cost = $23,000
Annual cost = 7,000

__$7,000/yx
c/B = 75 (54,000) = $0.26/1b

Pneumatic unloading

Capital cost = $53,000
Annual cost = 22,000

$22,000/yr
C/B = .9 (54,000)

(:) Feed materials transfer to storage
Emissions = (0.5 1lb/ton) (54,000) = 27,000 lbs/vyr

= $0.45

Wet suppression

Capital cost = $23,000
Annual cost = $7,000

$7,000/1b
¢/B = 15 (27,0000 = $0.52/1b



Area ventilation to fabric filter

Capital cost = $136,000

Annual cost = 49,000
$49,000/yxr
C/B = 79 (27,0000 = $2-02/1b

Feed material batch weighing
Emissions = (0.02 1lb/ton) (54,000) = 1,080 lbs/vyr

Fapbric filter

Capital cost = $65,000
Annual cost = 21,000

$21,000/yr
c¢/B = .9 (1,080)

Feed materials mixing

Emissions = (0.04 1lb/ton) (54,000) = 2,160 1lbs/yr

= $21.60/1b

FPabric filter

Capital cost = $65,000

Annual cost = 21,000
$21,000/yr _

Melting and refining furnace
Emissions = (0.15 1lb/ton) {54,000) = 8,100 lbs/yr

Preventive maintenance of furnace and control device

Capital cost = Negligible
Annual cost = $25,000

$25,000/yx
c/B = .9 {8,100)x

Glass forming
No contreol

= $3.43/1b






2.10 FIBERGLASS MANUFACTURING

2.10.1 Process Descripﬁion

The steps of manufacture eﬁéloyed to produce various forms
of fiberglass are shown in Figuré 2.10-1. Feed materials such as
glass sand, alumina, borate and aikaline earths are delivered by‘
truck or rail and are trénsferred to separate storage bins. The

 materia1s are metered from theﬂbins-ﬁo'batch weigh hoppers in
'accordance_with the following £ypica1 proportions:l '

silicon dioxide 52 to 56 weight pefcent,

aluminum oxide .. 12 to 16 welght percent,
boron oxide - e -8 to 13 weight percent,
calcium oxide s 16 to 25 weight percent,
sodium and potassium oxides -0 to 1 weight percent, and
magnesium oxide 0 to 6 weight percent.

Aftef‘discharge into a revolﬁing drum mixer, thé materials

  are mixed for about 5 minutes and sent via conveyor and elevator
;ﬁo furnace:feed hoppers where the batch mix is held until charged
';to the melting and refining furnace. Théiborosilicate glaSs:mix

is melted and maintained at about 2800°F%

to lower viscosity and
to enhance refining. The furnace normally used is the regenera-
tive type deséribed in Section 2.9.1; however, other furnaces
used include récuperative and electric induction fﬁrnaces. |
Furnace capacity varies from 50 to 200 tons pér day.3 The
remaining steps of manufacture are dictated by the type of
product which is desired. If textile fibers, staple yarns or
mat products are wanted, glass melt from the refihing furnace is

formed into marbles which are melted in a small electric furnace

and fed through a set of platinum bushings located at the furnace
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forehearth. Alternately,an air blower may be used to force the
molten glass through small openings to form glass filaments which
are drawn and collected by high speed winders. For manufacture
of mat products, the filaments are made to form a mat which is
conveyed through aﬁ oven prior.to_being siit br.choppéé to
  speéified'dimansions. The mat thus produced is rolled and
packaged for shipment. |

Should glass wool products be desired, the melt from the
refining furnace is blown by air or steam jets through small
holes in a platinum bushing located at one end of the furnace.
The filaments so formed are caught by hlgh-speed gas jets, pulled
into fibers and collected on a moving belt. Thn resultmng
~ woolly masé is impregnated with”orgénié'ﬁiﬁder mater;al_beforé
-belng ‘cured and formed lnto bats for use as lnsulatlon or set
lnto frames for use as air filters. |

Potential sources of fugitive particulate emissions fr@ﬁ the
plant include the follqwing: | | | -

1. receipt.bf feed maﬁeriais,

2. the transfer of received feed materials to storage bins,

- 3. “ weighing of materials,
4. the mixing of materials in a revolving drum, and

5. melting, refining and forming.

2.10.2 'Pugitive Dust Emission Eactors

Estimated fugitive emission factors for the operations
associated with fiberglass. manufacture are presented in Table

2.10-1. The literature surveyed contained no data for fugitive
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TABLE 2.10-1. FUGITIVE DUST EMISSION FACTORS FOR
FIBERGLASS MANUFACTURING

T B E Uncontrolled fugitive emission factor
1b/ton of Reliability
Source : glass produced Reference rating
(::>Feed materials receiving - SRS Y ) LI 4, 5 E
Feed materials transfer O.Sb 6 - E
~ to storage ‘ : }
_ (::)Materia]s batch weighing | Q.OZF 7 - E
Feed materials mixing 0,04_{: 7 | E
(::)Me]ting, refining and forming 1.0d 8 E

? Estimated average emission factor based upon similar materials, reference 4
for alumina (aluminum oxide) unloading; reference 5 for soda ash unloading.

b Estimated average factor based upon cement industry analogy from reference
6.

€ Factors taken from cement industry in reference 7.
d Engineering estimate that fugitive emissions are 5 percent of uncontroiled
emissions from furnace. Stack emissions per reference 8.
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emissions. Therefore, the factors shown were either derived from
analogous operations in other industries or estimated on the
basis of engineering experience and judgment.

2.10.3 Particle Characterlzatlon

The particulate emitted from the feed materials handllng
portion of the plant is relatively large in size, 10 to 100 um
diameter,g and reflects in its composite the feed materials
handled, i.e., sand, borate and boric acid. |

particulate from the melting furnace, however, is much
smaller in size and is reportedlo to be prlmarlly boric acid. and
alkali borates. Particle sizes are less than 1 um in dlameter.;;

Particulate emissions from elther glass fllament or wool
formation are fiberlike in nature, i.e., they are thln and

elongated with a diameter of 0.05 to 3 um.lz

They are ldentiqal

in composition to the: borosilicate glass belng produced. E
The toxicity of the em1551ons, whether gaseous or partlcu-

late, from any of the- operatlons has not been established in the

_ 1iterature surveyed.

'2 10.4 Control Methods

A summary of the fugitive emlS$10n control alternatives is
given_in Table 2.10-2. As can be noted from the table, fugitive
emissions from feed materials handling may be controiled by a
vdriety of methods. These_methods are the same as those for

glass manufacturing and are described in detail in Section 2.3.4.
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2.10.5 Recommended Reasonably Available Control Measures (RACM)

The RACM recommended for the control of each fugitive par-
ticulate emissionare shown in Table 2.10-2. The measures were
selected after consideration of the various criteria to be
satisfied, i.e., compliahce with.state“emission control stan-
dards, ease of application or installation, and industrial
practice. | |

| '.Fof réceip£ of raw materials, an enclosurélventéd_to a
fabric filter is the selected RACM due to its effectiveness on
_the largest fugitive emissioﬁ‘sonrce,

a .Wét éupﬁréssion is.seiedééd as RACM foi feed materials
transfer to storage. This control is presently employed in the

indus£f§22323

and is easy to apply at"?easbnébie expehse.

Fabric filter installations for emissions control at the
feed materials weighing and miking steps are:recommended RACM
since theY-areifeéSGhable in cost, afe:éuiiéblé fo;jfhe process
location and permit recycle of the captured emissibns to the
process.

For the melting furnace and the.filamentlformatiOn and
treating facilitieé, the maintenance of the equipment and their
associated emission control devices to prevent emission leakaqe
is the recommended RACM. Such maintenance on a regular scheduled
basis will not oﬁiy prevent. fugitive emissions, but will extend
the useful life of the equipment and permit higher equipment

productivity due to avoidance of equipment failure.
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APPENDIX FOR SECTION 2.10

Assume an average size plant = 150 tpd or 54,006 tpy glass

Feed materials receiving
Emissions = (1.0 1b/ton) (54,000) = 54,000 lbs/yr

Clogure

Capital cost = $28,000
Annual cost = 9,000

__$9,000/yr
c/B = .5 (54,000)

Closure, fabric filter

= $0.33/1b

Capital cost = $93,000

Annual cost = 30,000
$30,000/yx '
c/B = .9 (54,0000 = $0.62/1b

Choke~feeding

Capital cost = $33,000
Annual cost = 11,000

_$11,000/yx
¢/B = .7 (54,000)

Wet suppression

= $0.29/1b

Capital cost = $23,000
Annual cost = 7,000

$7,000/yx
c/B = .5 (54,000)

Pneumatic unloading

= $0.26/1b

Capital cost = $53,000
Annual cost = 22,000

$22,000/yx
c/B = .9 (54,000)

Feed materials transfer to storagde
Emissions = (0.5 1b/ton) (54,000) = 27,000 lbs/yr

= $0.45

Wet suppression

Capital cost = $23,000
Annual cost = 7.000

| $7,000/1b
¢/B = .5 (27,000)

= $0.52/1b



Area ventilation to fabric filter

Capital cost = $136,000

Annual cost = 49,000
$49,000/yr
C/B = .9 (27,0000 = $2. 02/lb

Feed ‘materials batch welghlng
Emissions = (0.02 1b/ton) (54,000) = 1,080 lbs/hr

FPabric filter

Capital cost = $65,000
Annual cost = 21,000

$21,000/yx
c/B = .9 (1,080)

o Feed materials mixing
Emissions = (0.04 1b/ton) (54,000) = 2,160 lbs/vr

= $21.60/1b

Fabric filter

Capital cost = $65,000
Annual cost = $21 000

$21 000/yr
C/B = .9 (2,160)

Melting and refining furnace -
Emissions = (0.15 1b/ton) (54,000) = 8,100 lbs/yr

= $10.80/1b

Preventive maintenance of furnace and control device

Capital cost = Negligible
Annual cost = $25,000

_ $25,000/yx
C/B = .9 (8,100).;

= $3.43/1b



2.11 SECONDARY ALUMINUM PROCESSING PLANTS

2.11.1 Process Description1

In secondary aluminum operatiqns,.alﬁm;ngm scrap is melted
and mixed with other metals to produce lightweight allbys for
industrial castings. Copper, magnesium and silicon are the most
common alloying constituents.

The raw materlals for secondary alumlnum plants come from
three main sources:

1. Aluminum pigs. These may be primary-métal or maf be
secondary aluminum produced by a large secondary smelter to meet
more restrictive alloy specificatigns.

2, Foundry returns. These include reiédtéd castings and
mol& components such as gates, risers, runners and sprues.

3. Miscellaneous scrap. This Category includes aluminum
borings and turnlngs, other ltems that may be contamlnated with
oil, grease, paint, rubber and plastlcs, ana alumlnum.mlxed with
metals such as iron, magnesium, zinc and'brass.

Figure 2.11-1 is a process flow diagram of secondary alu-~
minum operations. The raw materials are sometimes pretreated to
prepare them for smelting by removal of impurities such as
oxides., Used castings and other foundry returns may be crushed
or screened to facilitate the mechanical or magnetic removal of
iron and the mechanical separation of dirt and loose aluminum
oxide. Borings and turnings are heated in direct~fired rotary

kilns to remove cutting oils, grease and moisture.
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Another form of pretreatment is “swaating“ to recover alu-
minum from scrap having a high iron content. Open~flame rever-
beratory furnaces with sloping hearths are.in general use; al=~
though, grate~type furnaces may be used. The alﬁﬁinum scrap is
charged to the furnace where the aluminum melts and is collected
while the higher melting iron, brass and other materials remain
in solid form. Aluminum recovered by this process is referred to
as "sweated" pig.

Smelting of pretreated and raw aluminum scrap is done in-
either crucible or reverberatory furnaces. The crucible or pot-
type furnace is used for meltlng small quantltles of aluminum {(up
to 1000 pounds) and is usually charged (loaded) by hand with pigs
an&-foundry returns. The reverberatory furnace, with mechanical
charging, is used for medium and large capaciﬁy batches. Both
gas and oil-fired unlts are used. |

: After a batch is completely melted, alloyving ingredients are
added to adjust the comp051tlon of the product. The melt is then
treated or "fluxed" to remove trapped gases and metals. such as
mag@eSium. Chlorine gas orﬁgtherfmaterials are used as fluxing
ageﬁﬁs. This proéass is carrie& out either in thejémelting
furnace, in a separaie well in the furnaca, or in a different
unit. Often the fluxing process is referred to as degassing or
demagging, depending upon its purpose. Degassing reduces dis~-
solved gases. Demagging reduces the magaesium content of the

melt. Chlorine can function as a fluXigg agent to demag and
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alse to dégas molten aluminum, depending on the nature of the
chlorine material and the amount added.

Chlorine and fluoride fluxing are accomplished by intro-
ducing chlorine or fluoride through the molten metal to float the
magnesium to the surface where it is removed with the dross or
slag. The mélt can also be degassed by bubbling chlorine through
the molten metal bath.

Degassing can be accomplished by other methods, such as-
bubbling dry nitrogen through the melt, mechanical vibration
or application of a vacuum.

After these operations, the metal is poured either into
ingot molds for shipping or into preheated crucibles for product
~manufacturing and shipping.

The dross from the smelting furnace contains enoughnaluminum
metal to justify its recovery. The two~metths.for recovering
the metal are wet or dry milling (mechanical) or hot dross
processing (pyrometallurgical). In wet milling, the cooled dross
is ground, screened and magnetically separated. In dry milling
 the cooled dross is ground, screened and separated by air clas~
sification. In hot dross processing, materials that solubilize
impurities are added to the molten dross; The insoluble aluminum
métal ié taﬁped off the boitbm.and,returned to the smelting
furnace. |

A ty?ical plant will-haVe four or five furnaces and produce

100,000 to 1,000,000 pounds of aluminum per day.
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Fugitive emissions are generated by'several sources in
secondary aluminum operations as indicated in Figure 2.11-1.
They include raw material receiving and handling operations, the
sweating furnace, scrap metal cruéhing and screenin:g, scrap metal
drying, smelting operations, hot dross handling and cooling,
fluxing/degassing, hot metal pouring - and slag‘dispcsal.

2.11.2 Fugitive Dust Emission Factors

The estimated emission factors for secondary aluminum pro-
cessing plants are summarized in Table -2.11-l.. According to the
literatufe sources, these emission factors are all based on
assumptions regarding the-pércentageﬂof total process emissions
' that“escape.as fugitive particulates. ©No details were given
regarding these assumptions. Therefore, the reliability of these
egstimates should be considered ‘as very poor.

2.11.3 Particle Characterization

Particulates from the secondary aluminum smelting furnace
are less than 2 um in-size., The particulates may have toxic -
“ properties because of fluoride and chloride content. Table
'2.11-2 shows the effluent characteristics from secondary aluminum

'produétion;-“

TABLE 2.11-2. EFFLUENT CHARACTERISTICS FROM SECONDARY ALUMINUM PRODUCTION*

Maximum
particle Chemical o
Source size, um composition Toxicity
Fluxing/de- 2.0 Highly variable, may | Toxic due to
gassing - } contain A1203, A1Cl3, | fluorides and -
NaCl,fluorides, chlorides
Chlorination 1.0 oxides of alkali
metals
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TABLE 2.11-1. FUGITIVE DHST EMISSION FACTORS FOR

SECONDARY ALUMINUM PROCESSING PLANTS

2-271

Reliability :
Source Emission factor Rating Reference
(::) Sweating furnace 0.72 1b/ton metal E 2
"~ charging and processed '
. tapping
(::) Crushing and screen- | Negligible E 2
' ing scrap metal : - ’
(::) Rotary chip dryer 0.72 1b/ton metal dried E 2
(::)' Smelting furnaces,
B charging and tapping _
- '4a. Reverberatory 0.22 1b/ton metal E 2
processed
4b. Crucible 0.09 1b/ton metal E 2
' processed
4c. Induction 0.09 1b/ton metal E 2
- N processed
(::) Fluxing 50 1b/ton chlorine used ; E 2
{chlorination) SRR E :
(6) Hot dross handling | 0.22 1b/ton metal E 2
and cooling processed
(7) Pouring hot metal | Negligible E 3
\ into molds or
crucible
__ Slag disposal Unknown - -



one study found that the major'consﬁituént in the fumes
from salt-cryolite fluxing in a furnace was sodium chloride with
considerable, but smaller quantities of aluminum and magnesium
compounds. The pérticles Were_alliﬁﬁder-z ym. The fumes were
somewhat corrosive when dry, and when wet, formed a highly
IVCorrosive"Siu&ge that tended to set up~and-harden;5

Another study of fumes fromjﬁegasSing reVéaléd that 100
percent of the fumes were smaller than 2 um, and 90 to 95 percent
were smaller than 1 um. MicrOSCOpié:examiﬁation:indiCaﬁed the
mean particle size to be about 0.7 um,s.

Particle size data from an aluminum sweating furnace wiﬁh a
capacity of 760 lb/hr indicate that 95 pefceﬁﬁ Of:théipérticies
6 o o

are less than 39 um.

2.11.4 Control Methods'

Raw materials in the forﬁ.éf éﬁeet castings, clippings and
boringé are normally received aﬁa stored inside a building. :
Therefore, the fugitive dust, if any, is confined;and no control
is necessaryl S | |

. In the dry milling process, dﬁstﬁgenerated_at.the_érusher, the
shaker screens and at the points of transfer can beJCOﬁtrolled by
hooding these operations and providing ductwork é@hnéctiQnsgﬁb a
fabric filtel_:.2

Emissions from the rotary dryer are usually vented to a
scrubber system. Fugitive emissions could result- from process
leaks and may be controlled by improved maintenance and/or in-

creased exhaust rate to the primary control device.
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Emissions from sweating and smelting furnaces may be controlled
by caﬂopy hood capture and exhaﬁst to the primary control device or
a fabric filter or wet sciubber. Another system that may be used is
building enclosure and evacuation to a control device. A total
building evacuépion syétem controls emissions from all operations
within the building.

The emissions from fluxing operationé caﬁ be capturéd by
installing a hood above the fluxing operation and exhausting.the
hood to a baghouse or wet scrubber.3r4
Hot dross handling and cooling emissions can also be controlled

by hood capture and venting to a fabric filter,3

Slag dispoéal
cperations can be controlled by wet suppre551on.

Table 2.11-3 summarizes the available control technlques, thelr“
effectlveness, estlmated costs and RACM selections. -

2.11.5 Recommended Reasonably Avallable Control Measures (RACM)

The RACM selectlons for secondary alumlnum processing plant
fugitive emissions are presented in Table 2.11-3.

The RACM selection for the sweatlng and smeltlng furnaces is an
extension or modlflcatlon of the existing hoods to provide capture :
of charging and tapping emmss;QnS‘together w;th ductwork connectlons
to the existing primary contreol device. Most furnaces are already
controlled, aﬁd these:measures.woﬁld provide good control of the
fugitive emissions at a relatively low cost. As an alternative,
building enclosure with ventilation to a fabric filter is also

selected as RACM.
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The control recommended for the crushing and screening of scrap
metal is hooding and control of the céptured emissions by a fabric
filter. This has been demonstrated a§ being effective on existing
operations.

An afterburner is the RACM selection for the rotary dryer. It
is commonly used to thermaliy destroy both the condensible and hydrocarbon
emissions in the dryer exhausi.

Fluxing emissions.will.usually be controlled along %ith the
furnace emissions by the primary control device. However, ﬁhere the
fluxing station is separate'from the furnace, the recommgn&ed_RACM is
adequate hooding with control by a wet scrubber or fabfic'fiiter.

Use of fluxes that do not result in significant emissions is an
alternate, accéptable ¢ontrol option.

Nolcontrol is recommended for the hot dross processing or the
hot metal pouring operations. These are very minor emission sources
and are not normally cbntrolled in the industry. Also, slag handlipg

operations are minor and no control is recommended.
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APPENDIX FOR SECTION 2.1l

Assume 550,000 1lbs of metal processed per day, 365 dpy

®

©

Sweating furnace éharging and tapping
Emissions = (0.72 1lb/ton) (550,000) (.005) (365)
72,270 lbs/yr

i

‘Hooding, vent to primary control devicé

 Capital cost = $20,000
- Annual cost = $6,000

SSrQOO/Yr
C/B = .95 (72,270)

= $O 07/lb

Bulldlng enclosure, vent to fabrlc fllter

Capltal cost = $600, 000
Annual cost = $162,000

. $162,000/yr -
c/B = 99 (72,270 + 72, 270 ey 22 082 + 22, osz) :

= $0.87/1b

Cfushlng and screening scrap metal
EmlSSlonS = Negligible

Hoodlng, vent to fabrlc fllter

Capital cost = $63,000
Annual cost = $17,000
C/B = NA

BUlldlng enclosure, vent to fabrlc fllter

See
c/B = $0.87/1b

_ Rotary'dryer.-

Em1851ons =.{0.72 lb/ton)(SSO 000)(365)( 0005) 72 270 lbs/yr

o Hoodlng, vent to scrubber

Capital cost = $63,000
Annual cost = $30,000"

L $30,000/yr
C/B = ,95 (72 270) = $0.44/1b



Afterburner

Capital cost = $35,000
Annual cost = $21,000

$21,000/yxr
C/B = .9 (72,270)

Smelting furnaces, charglng and tapplng

= $0.32/1b

Reverberatory furnace charging and tapplng
Emissions = (0.22 1lb/ton)(550,000) (365) (.0005) = 22,082 1lbs/yr

Hooding, vent to primary control device

See
$5,000/yxr .~ = .
c/B = TSE(37,087) = $0.24/1b

Building enclosure, vent to fabric filter

See
C/B = $0.87/1b

Hooding, vent to scrubber or fabric filter

Capital cost = $336,000
Annual cost = $82,000

$82,000/yr = |
c/B = T (27,062) - $4-13/1b

Crucible furnace charging and tapping. .
Emissions = (0.09 1lb/ton) {550, 000)(365)( 0065)— 9 034 lbs/yr

Hooding, vent to primary control dev1ce

See
$5,000/yrx
C/B = .95 (9:034)

Building enclosure, vent to fabric filter

= $0.58/1b

See
C/B = $0.87/1b

Hooding, vent to scrubber or fabric filter .

Capital cost = §336,000
Annual cost = $82,000

| $82,000/yr
/B = T (5034, = $10.09/1b



Induction furnace charging and tapping
Emissions = (0.09) (550,000) (365) (.0005) = 9, 034 lbs/yr

Hooding, vent to primary control device

See
. $5,000/yr |
c/B = .95 (9,034) = $0.58/1b

Building enclosura,'vent-to'fabric'filter

See
C/B = $0.87/1b

Hooding, vent to scrubber or fabric filter

Capital cost = $336,000
Annual cost = $82,000

$82,000/yxr _
c/B = 75 (9,034) $10.09%/1b

Fluxing

Assume 5,000 lbs/day chlorine _
Em1551ons = {50 lbs/ton) (5, 000)(365)( 0005) = 45,625 lbs/yr

Hoods, vent to scrubber or fabric filtex

Capital cost = $175, 000
Annual cost = = $62, 000

: $62, 000/yr
c/B = -99 (45,625) = $1.37/1b

Use of low emission fluxes
No data

Hot dross handling and cooXfing
Emissions = (0,22 lb/ton)(SSO 000)(365)( 0005) = 22,082 lbs/yx

Hooding, vent to scrubber or fabric filter

Capital cost = $60,000
Annual cost = $27,000 -

$27,000/yr_ _ —
c/B = .95 (22,082) $1.29/1b

Building enclosure, vent to fabric filter

See
C/B = $0.87/1b



(:) Pouring hot metal into molds or crucible

~
Emissions = Negligible
No control

Slag disposal
Emissions = Unknown

Wet suppression
No data







