2.12 FERTILIZER MIXING/BLENDING PLANTS

2.12.1 Process Description

The fertilizer mixing industry is divided inteo three cate-
gories according to the production technigue employed: ammonia-~
tion~granulation, bulk blend and liéuid.mix plants. Within
Ohio, there are 13 ammoniation{éranulator facilities, 102 liquid
mix plants and 260 bulk blend'ing.rlplants.l Since bulk blending
plants have the greatest potential of fugitive particulate emis-
sions, this procegs.is addressed in this.report.

Typical plant capaciiies range from 4 to 50 tons per hour,
with an average of 20 toné per hour. Actual production is much
lower. Plants produce an average of 1 ton per hour. Annual
production‘ranges f:om 500 tQ 3500 tons per year, with an average
plant production of 1270 tqhs per year. The greatest production
(75%) occurs betwégn_éanuéry and June.2

Mixed fertilizérs éqntaigitwo cr three of the nutiients
nitrogen (N), phosphorﬁs;(y);'and potassium (K). These mixtures
are expressed as N~P~K.§fadés;ZENErepxgsents the percentage of
available nitrogen, P represents the percentage of available
phosphorus pentoxide (ézos} and X represents the percentage of
soluble potaséium oxide (Kzo). Over 75 percent of the mixed
fertilizers consumed in this country contain all three of these
primary plant nuﬁrients.3

The bulk blending process iﬁ which feed materials are mixed
to produce a balanced fertilizer‘is illustrated in Figure 2.12~1.

The feed materials are dry and granular, and contain one or all
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of ‘the primary plant nutrients. Normal and triple superphos-
phate, ammonium sulfate, urea and potash typify single nutrient
feed materials. Mono or diammeonium phosphate and potassium
nitrate are typical multinutrient feed materials. In addition to
these primary nutrients, micro~nutrienta.and organic herbicides
are also fregquently incorporated iﬁto.fertilizers at the mixing
and blending plant. | |

The feed materials are commonly received at the plant in
hopper railcars which discharge iﬁto a receiving bin. The mate-
rials are transferred from the bin via belt conveyor to a bucket
elevator for transfer by chute to sp301f1ed storage areas or bins
within the mixing bulldlng., As each feed materlal is needed, it
is taken from bulk storage by a front-end loader or sweep auger
and transferred to a bucket elevator. Material is then dis-
charged into a weigh hopperofor weighing, after whichuit is fed
into a rotary—drum mixer;: When the materlals have been added for
the des1red mix formulatlon, the mixer drum is rotated until a
uniform mixture is produced. The contents are then dlscharged
and transferred by ‘bucket elevator to storage hoppers from which
the product can be e;ther bulk,loaded or-bagged for shlpplng.
Over half of the blending plants uee a hopper-type loading sta-
tion as shown in Figure 2.12-2. Bulk loading into open trucks
can reportedly caﬁse'up to 75 percent of the emissions from bulk
blending plants.s |

The particulate emissions from bulk blending plants are

fugitive in nature, and result from three sources:
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- Figure 2.12-2. Bulk loading station with elevated storage used in
fertilizer mixing/blending plants.
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1. yail car unloading and transfer to storage,

2. mixing building fugitive losses (caused by materials
handling, mixing and bagging), and

3. loading operations (bulk loadout intc open trucks).
A dust source that may also be found at fertlllzer mixing
and blending facilities is plant haul,roads. Thls

general emission category is addressed in Section 2.1:

2;12;2 Fuéifivéubust Emissioﬁ Fagtors

The particulate emission factors for.fe#tiliﬁéi mixin§ and
blending plant operations are presented in Table-2.12e%.u:¢he
fugitive emission factors are based on particle.éiZe”ahalﬁées_
(fraction smaller than 44 um) .of the raw.matefiais ﬁéed.aﬁ;bulk'
blendlng plants.7 A worst-case estimate of emissions was then
.made. Thls estlméte assames that all materlal less than 44 um is
" emitted to the atmosphere. WNo source test data are available.’

2.12.3 Particle Characterization

Fugitive particulate emissions from fertilizer mixing and
blending facilities are the same in composition as the feed
materials (nutrients) input to the process. A composite thres-
hold limit value (TLV) of 0.01 g/m° has been estimated for the
nutrients used in bulk blending.8 Herbicides also are used in
fertilizer blending. The lowest TLV for commonly used herbicides
is 0.0005 g/m3.9 However, since the emission factor for each
herbicide never exceeds 0.001 percent of the total particulate
emission factor, the concentrations are not expected to be at a
10

level which would cause a health problem.
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TABLE 2.12-1. FUGITIVE DUST EMISSION FACTORS FOR
© FERTILIZER MIXING/BLENDING PLANTS

Uncontrolled
emission factor, Reliability
Source 1b/ton of product Reference rating?
Rail car unloading and S 0 2 ' ' 6 E
transfer to storage =
(:::) Mixing bu11d1ngb 0.2 6 E
 fugitive 1osses
0.2 6 E

(::) Load1ng operat1ons

Eszs1on factors are reportedly + 100 percent.

6

M1x1ng building fugitive losses (through windows or doors) are generated by
mater1a15 handling, mixing and bagging.

€ Bulk 1oadout into open trucks.
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2.12.4 Control Methods

Ahsummary of the fugitive emission control alternatives is
presented in Table 2.12-2. The majority of bulk blending facil-
ities do not employ particulate control technology.19 With the
advent of more stripgent regulations, however, control methods must
be considered..” B o .

Sklrts around rallcars have been used at bulk blending plants
to reduce em1551ons generated durrng unloadmng.zo Telescoplc
chutes can be used to control em1551ons generated during transfer
of raw materlals to’ storage.?l An alternatlve to telesc0p1c chutes
is a serles of hoods ducted to a central fabrrc fllter.. Such a
syetem also would 1nc1ude hoods and ducts to capture emissrons from
materral handllng, mrxrng, bagglng and truck loadout. (Frgure
2.12~- 3 1llustrates “this system as Well as the desxgn of skirts
around rallcars } | B '

A wet suppressron.system also can be used to control fugltlve
em1531ons.' Water, lquld fertilizer or 1lghtwe1ght oils (including
used motor oils) can be used to control dusf when sprayed on the
bulk fertilizer or raw materials during handling, lelng or bagg:z.ng.21
Additions of 1 percent liquiéafertilizer or 1/2 to 1 percent light-
weight oil have been shown to be effective in reducing emissions.21
0il should not be applied to any fertilizer mixture conteining over
60 percent ammonium nitrate because of the porenriel explosion
hazard. 2l (Figure 2.12-4 depicts a typical wet suppression system.)

Modificatione can be made to high-speed bucket elevators
(centrifugal discharge) to reduce emissions. This type of elevator
does not discharge all of the material. Some falls to the
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Figure 2.12-3, A bulk blending plant with Fugitive dust
-emission controls consisting of skirts around railcar
unloading and a series of hoods ducted to a fabric filter. 22
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Figure 2.12-4. Dust suppressant applicatiQn system.23
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~boot of the elevator and escapes. ‘A 1ostpe¢d product discharge
elevator uses idling sprockets to cause the bucﬁéts to round the
head sprocket, giving an .almost complete upturn. This allows ail
“of the‘material to be emptied through the discharge chute. (Both
of these types of bucket elevators .are shown in- Figure 2.12-5.)

During bulk fertilizer loadout into opén trucks, telescopic
-chutes can be used to reduce emissions.

2.12.5 Recommended Reasonably Available Control Measures (RACM)

“The recommended RACM for control of each fugitive emission
.source is listed in Table 2.12-2. The RACM's were selected on the
basis . of .the degree of controls needed to-méét state emission
control regulations, practice in the in&ﬁstxyy ease of application
or installation, and economics. |

Since bulk fertilizer blending plants typically;are small (low
;annual production rates), the control alternatives are somewhat
limited. The annual emissions are relatively'lgw, causing a high
cost benefit ratio. Therefore, requiring céntrbl'of many of the
- emission sources would cause an economic hardship on-this industry.

It is recommended that a telescopic chﬁte, or other typa.
"loading spout which reduces free-fall distaﬁcé,_be uééd for bulk
fertilizer load-out. This control is_?ecommended begausefbulk
loadout has been identified as potentially the l&rgésﬁ single
emission source at these plants and becéuse.it.is the'mést cost-
effective control. No controls would-be reéuired oﬁ thg éther
sources for most plants. However,_vet Suppréésiqn'may be rea-
sonable for larger facilities or thosé Whiéh'pasé a'nﬁiSaﬁcé or

complaint problem.

2286



| CENTRIFUGAL D!SCHARGE PRODUCT D!SCHARGE

Fz_gure 2.12-5. Bucket elevators’ used at bulk
" blending plants.24
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APPENDIX FOR SECTION 2.12

Material handling (Assume 1,300 tpy production)

Railcar unloadigg_ (Assume 1/2 of material handling emissions)
Fmissions = (0.1 1b/ton) {1,300 tpy) = 130 lbs/yr

Sskirts around railcars

$0.85/ft2 (Means Bldg. Constr. Cost, 1978, p. 186)
(249.6) =z |
$0.85 (218.8) © $1.00/£t2

Assume skirt: (30' x 10' x 10' x 2) = 6,000 f£t2
Capital cost = ($1.00/£t2) (6,000 ££2) = $6,000

Annual cost (@ 17% for fixed costs and 3% for maintenance) =
$6,000 (.2) = $1,200 S

2L VUYL
C/B = ?% ?22{ - = $18.50/1b

Transfer to storage (Assume 1/2 of material handling emissions)

Telescopic chutes (Model D30-0T, 8 ft)
(249.6) _
Direct cost =  $2,540 (198.1) $3,200

indirect cost (@ 40%) = $1,280 .
Capital cost = $4,480 x 3 chutes = $13,500
Annual cost (@ 17% fixed, 3% maintenance)

= 0.2 (13,500) = $2,700

$2,700/yr
c/B = .75 (130)

Hooding, vent to fabric filtexr

= $27.70

source

s Transfer to storage (@1,000 acfm)
(50 ft) ($20/ft) = $1,000
(3 elbows) ($260/elbow) = $780

°© Material handling hood (@ 1,000 acfm)
Materials = $50
Labor = $190
Duct (30 £t) ($20/£ft) = $600
Elbow = (1 elbow) ($260/elbow) = $260

° Mixing (@ 1,000 acfm)
Hood = $240
puct = (50 f£t) ($20/ft) = $1,000
Elbow = {2 elbows) ($260/elbow) = $520



°® Bagging (€@ 1,000 acfm)
Hood = $240
Duct = (50 £t) ($20/£ft) = $1,000 -
Elbows = (2 elbows) ($§260/elbow) = $520

¢ Truck loading (€2,000 acfm)
Hood = $240 . o
Duct = (60 ft)($20/ft) = $1,200
Elbows=(2 elbows) ($260/elbow) = $520

(245.6) _
Duct cost = $8,360 (192.1) ~ 319{360

Installation (€ 75%) = $8,150
Dlrect cost {@ 40%) = §7,600

: Total duct cost $27,000'-

_Baghouse cost (@ 6,000 acfm), NMI, p. 3-3

'(249.6)
- 540,000 (3041 = 549,000

Capital cost = $27,000 +_$49,000 = $76,000
Annual cost: |

Ductwork (@ 17% of capital) = $4,600

(249.6) _
Baghouse = $10,000 (204.1) ~ $;?'29°

(from NMI, p. 3-5, @ 3,000 hpy)

Total cost = $17,000

Emissions = 0.1 + 0.2 + 0.2 1lb/ton = 0.5 lbfton
(total emissions from transfer to storage, m1x1ng :
bldg. and loading)
$17,000/vr -
¢/B =.5 (1,300) (.59) = $26.40/1b

Mixing building fugitive lcsses

Material handling R
T Emissions = (0.2 lb/ton) (1,300 tpy) = 260 lbs/yr
Assume an average control efficiency of (.75 + 50 + .95)/3

73% or ~ 75%

Wet suppression (Means, p. 219)

Pump, check valve, tank, STD controls

116 PM @ 35 psig, 60 gallon tank = $1,275

Tank installation cost (@75%) = $950 ' :
Piping - copper 3/4" = $3.78/LF installed, p. 202

Assume 100' piping:; cost = $378



3 valves € $11.15 (installed) = $35
Nozzles, misc.. = $100 - _
(249.6) _ -

Installed cost = $2,736(192.1) — $3+355

plus indirect charges (@ 40%) = $5,000
Capital cost = $5,000

Annual cost: '
Capital charges (@ 17%) = $850
Dust suppressant .
° if ligquid fertlllzer is used
° if liguid fertilizer (18-46-0) = $0.094/1b
° if dry bulk = $0.12/1b

The expense of'the iiQuid ferﬁilizer will be recovered
in the cost of the bulk fertilizer.:

&additional cost of ligquid fertilizer is negligible
O & M costs (@ 10%) = $500

Total annual costs = $l 350

$l 350/ T

Cc/B = (260} (.75} ~ $6-90/1b

Hood, vent to fabric filter

See (1)

Bucket elevator modification
No data

Mixing

Wet suppression .
See (g) material handllng

C/B = $6 90/lb

Hooding, vent to fabric filter
See Q)
C/B = $26.40/1b

Bagging

Wet suppression :
See (2J material’ handl:l.ng
C/B = $6.90/1b - :

Hooding, vent to fabric filter
See (1)
C/B = $26.40/1b




Loading operations

Truck loading (bulk)
Emissions = (0.2 lbs/ton) (1,300 tpy) = 260 1lbs/yr

Telescopic chutes

Capital cost = $4,500 See
Annual cost (@ 20%) = $900

sl o
C/B = TTE(3EE— = $4-60/1b

Hooding, vent to fabric filter
See (D : = —=
C/B = $26.40/1b




2.13 CEMENT MANUFACTURING AND BLENDINGV?LANTS

2.13.1 Process Description

Portland cement is used for making concrete for comstruction
of many kinds of structures such aé buildings, bridgeé‘ and
highways andfor"products'suéh as concreée masonry, concrete pipe
and many precast components fof’construCtion.' Five types of
Portland cement are produced in the United States to specifica-
tions which are governed by the desired characteristics, such as
general construction, moderate heat release in massive struc-
tures, sulfate resistance or high early strencgth.

Raw materials include limestone, clay or shale, iron-bearing
materials and siliceous materials. Table 2.13-1 lists the raw
materials used in the production of Portland cement in the U.S.
Most of these are taken from quarries by drilling and blasting
procedures, then transported to ¢rusher§ and screening plants.
The product of these qperations is transported to the storage
facilities for continuation of the manufacturing process, which
transforms these raw materials intoa product knowﬁ as "Portland
cement clinker".

Dry Process — The raw materials are proportioned and con-

veyed to a drying/grinding unit where they are dried and ground
either separately or simultaneously. The produét of grinding is
usually air classified (separated by size using the principles of
air drag and particle inertia) before storage, with the oversize
material returned to the grinding circuit. The product is then

blended and stored before subsequent calcination.
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TABLE 2.13-1. RAW MATERIALS USED IN PRODUCING PORTLAND

CEMENT IN THE UNITED STATESasb

1973 raw materials

usage,
Raw materials = 1000 Mg - 1000 tons
Calcareous:

Limestone (include aragonite) 78,652 86,699

Cement rock (1nc1udes mar]) 23,647 26 067

Oystershell 4,667 5,144
Arg111aceous. '

Clay - 7,195 . 7,931

Shale 3,719 4,099

Other (includes stauro11te;‘bad21te, |

aluminum dross, pumice and .
‘volcanic material) 218 240
Siliceous:

Sand 1,862 2,053
Sandstone and quartz 679 748
Ferrous: - "

‘Iron ore, pyrites, millscale and '

other iron-bearing material 878 968
Other: -

Gypsum and anhydrite 3,858 4,253

Blast furhace slag . 619 682

Fly ash 271 299

Other 4 5

Total 126,269 139,188

a Includes Puerto Rico.

Reference 1;
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Wet Process ~ The raw materials are similar to the dry proc=

ess, but generally include a naturally occurring wet marl or
clay. Following the quarrylng operatlon, they may be slurried in
~a wash mill and then ground to a high flneness with other raw
materials, such as limestone, to produce a slurry with water.
This slurry is’ blended throuqh quallty control procedures and fed
to the rotary klln, where the water is drlven off and the raw
mlxture is calcined to form Portland cement cllnker.

Calc;natlon - The blended materlal (from elther the wet or

dry process) is fed directly to a long, inclined, rotatlng kiln
or to a preheated system and then into the roﬁating kiln. The
hot prddudt of the daléinaﬁion_process, cement ql;nkef; is digw
charéed from the kiln and immediately coéled_ih thgjéiinker
cooler. After cooling, the.clinker is combined with gypsum
{about 5% by weight) and ground in rotary ball mills illuStrated
in Pigure 2.13~-1. The milled cement is air claséified, and the
oversmzed material returned to the mlll .The cement 15 then
stored to await packaglng or bulk shlpment by rall barge or
truck.

A process flow dlagram for cement productmon is shown in
Figure'2.13—2. Each potent1a1 process fugitive em1551on ‘source
is identified in the Figure. A dust source common to all cement
producing facilities, but not specifically included in the
figure, is plant.roa&s. Proper evaluation of.thié emié$i0ﬁ
category is explained in Section 2.l1. In addition, limestone

quarries, which are often an integral part of the cement facility,
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Figure 2.13-1. Typical rotary ball _rr;i_ﬂ configuration.
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are. not specifically included in this section, They are discussed
separately,in detail,in Section 2.1.4.

2.13.2 -Fugitive-Dﬁst Emission Factors

The estlmated emlsslon factors for cement productlon fugi-
.tlve partlculate em1351ons are presented in.Table 2. 13 2. _All
of these factors are based on e1thar englneerlng judgment.or
visual observations as lndlcated by the references cited. No
details are given on the methodology of development. The reli-
ability of these types of estimateé would be poor. |

2.13.3 Particle Characterization

Fugltlve partlculate emlsSIOns from Portland cement pro&uc—
tion are composed of the same materials as handled in the various
operations, but little information is available regarding_the
size range characteristics. The typlcal oxide CompOSltan ranges

of clinker dust and cement dust are as follows..6

Fugitive emission oxide composition,
percent by weight
Compound Clinker dust " Cement dust
Silica 19-24 18-23 -
A12 3 3-8 3-8
e2_03 1-5 1-5
Cal 62-69 61-66
Mgl ' 0-5 0-5
503 0-1 _ 2-4
Free lime 0-2 : 0-2
Minor components 0-1 ' C0-1
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TABLE 2.13-2 FUGITIVE DUST EMISSION FACTORS FOR CEMENT PRODUCTION

Source

Emission factor

- Reliability |-

(:) Raw material unloading-
gypsum, iron ore,
clay, limestone,
sand and coal

Raw material charging
to primary crusher

(:)Primary crusher
Transfer and conveying

Vibrating scfeen,

" secondary crusher

(6) Unlcading outfall to
storage
Raw material grinding
mill and feed/discharge
exhaust. systems

(8) Raw material blending

~ and storage

'(:) Coal Storage

q:) Coal transfer to
grinding

@:) Leakage from grinding
q:) Clinker/gypsum outfall-
unloading, storage,

Toadout
Finish grinding with
mill leaks and feed
discharge exhaust
q:) Cement silo vents
* ({5) Cement Toading

Cement packaging

| 0.5 ib /ton crushed
0.2: to 0.4 1b/ton handled

| 1.5 1b/ton screened,

| Negligible

. 0;4 1b/ton boaT un]oédéd
0.03 to 0.4 :1b/ton other
materials unloaded

0.0003 to 0.04 1b/ton
charged

crushed:

3.0 t0 5.0 1b/ton unloaded

0.1 1b /ton milled

0.05 1b /ton blended

(See Table 2.2.1-~1)
0.2 1b /ton transferred

5.0 to 10.0 1bs/ton
0.1 1b /ton cement
Negtigible

0.236 1b /ton loaded
0.01 1b /ton packaged

Rating Reference
E 2
E 2
D 3
¢ 2.4
E 2
c 2,4
E 2.
E 2
E 2
D o
D H
E 2
E 2"
E 2
E 2
E 5
E 2
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. The American Conference of Governmental Industrial Hygien-
ists has established levels foruwhich airborne chemical com-
pounds could be tolerated without adverse effect on humans.7_ of
the above compounds, aluminum oxide, iron oxide, magnesium oxide
and free lime are considered nuisance substances which can be
ﬁolerated in large quantities.__silica may be hazardous depgnding
upon the amount of guartz contained in the silica. Calcium oxide
_can be tolerated at levels up to 5 mg/mB,and_sulfur dioxide can be
. tolerated up to l3_mg/m3.

2.13.4 Control Methods

. Control techniqgues for raw matgriai crushing and screening
operations at cement plants are essentially the same as those
descfibed-in Section 2.1. Theée operations are typically en-
clesed and often located subsurface,which further diminishes the
_ potential for the escape of fugitive emissions. Water suppres-
_ sion via water sgprays at the feed points of both primary ahd_
. secondary crushing and screening operations are common . Hooding
at bins, discharge points,_and conveyor transfer points, which
exhaust to primary fabric filters,are employed at some plants.
Although coal dust can be collected by a fabric filter, the
danger of an explosion must be noted.

Raw material and clinker handling results in fugitive
emissions which are often controlled by the application of covers
over transfer belts, or enclosing and/or hooding ﬁransfer points
with exhaust to fabric filters. Properly designed hoods, used

with 1000~4000 cfm fans,'effectively control emissions.8 Some
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plants use telescoping or ladder chutes for étockpiling of
material, which confine the material and reduce its free fall distance.?
Wet suppression methods are also practiced, but may be limited
for clinker and gypsum due to the impairment of material quality
and handling properties which may result.
One plant has experimented with foam to control clinker
handling emissions; however, the resulting increase of entrained
air in the cement product has severely limited employment of this

10 The abrasive nature of clinker

control technigue thus far.
also may cause maintenance/attrition probléms with pneumatic
transfer and exhaust system equipment (ductwork, fans, etec.).
Lowering of duct velocities is a solution, but its use is limited since
the collection efficiency is simultaneously impaired.
Conveying and transfer of the powdery cement product by belt
conveyor.and/Or pheumatic convéying is most often well confined
and controlled for both prevention of product loss and air pollu-
tion control. Control technigues are similar to those for
clinker conveying as described above. Pneumatic transport system
air is typiCally'dontrolied'by'faﬁrid filters.
Clinker storage is one of the major potential sources of
fugitive dust at a cement plaﬂﬁ. Most facilities have some type
of structure for ptotedting.the clinker from the weather; how-
ever, for the most part, these partial enclosures are not suf-
ficiently confining to prevent fugitive'emiSSionsifrom windage
and loading/unloading activities. Some plants emﬁloy 6pen? '

ended structures with partial sidewalls for storage of clinker
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and. other materials. Such structures can become virtual wind
tunnels during strong winds. The most effective control measure
is complete enclosure of the storage area with ventilation to
fabric filters.® One plant has a partially enclosed facility
which employs a mobile clinker ladder exhausted to a fabric
filter to practically eliminate emissions from unloading the
c¢linker to storage.lo

Emissions which escape from the hoods designed to capture
emissions from raw material grinding and cement grinding mills,
and their associated air sepééatérs.and elevators, are signifi-
cant at some plants because of the poor capture effiqiency of the
primary control system. These operations can be improved by
increasing the blower head and vent rate of the primary control
system and by redesigning the hooding.

L.eaks in the ball mills, for example from worn-out rubber
seals between the nuts and bolts which fasten steel plates to the
inner walls of the mills, can be ancther significant emission
source. A conscientious maintenance program is the best means
for controlling these types of emissions-.ll These grinding mills
are often located in an enclosed structure, which helps to pre-
vent the escape of these emissions.

Cement storage silo vents (for the discharge of displacement
air as cement is fed to the silos) are either uncontrolléd,
covered by fabric "socks", or exhausted to fabric filters which
are part of the pneumatic conveying systems. The control trend

is toward aspiration tec fabric filters.
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Cement loading operations for bulk truék,_rail and ship/
barge transport are typically gravity-feed systems which are
partially enclosed (for truck and rail loading) or unconfined
{for ship/bérge loading) . Cement packaging is often located in a
building or ?artial enclosure. Some plants exhaust the cement
dust, which is emitted with the displaced air during loading and
packaging, to fabric filters; while others have no control system
at all. A loading or packaging aspiration system which congists
of a filling spout with an outer concentric aspiration duct to a
fabric filter is being employed: at an increasing number of
plants.  Section 2.1 provides: further discussion on the general
aspects of loading and associated control systems.

| Most of the material collected by fabric filters at a
cement plant is returned in a closed loop to its related process
“operation; however, when this collected material cannot be
reused, disposing of it to waste storage areas by discharge and
transport in open trucks, can be an intermittent yet severe
"problem. Wet suppression and enclosure of the unloading opera~-
tion and covering of the truck can reduce these . .
emissions. Control of waste disposal area emissions has been
discussed in Section 2.1ls

A conscientious housekeeping program involving the routine
clean-up of spillsifrom conveyor pick-up and transfer points,
accumulation of leaks from grinding mills and similar sources
exposed to wind erosion is a very important part of the cement

facility's overall fugitive emissions control program.
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Table 2.13-3 summarizes available contrel alternatives,

their effectiveness, estimated costs, and RACM selections.

2.13.5 Recommended Reasonably Available Control Measures (RACM)

| The RACM éele¢tions for coﬁtrol of fugitive particulate |
emissions from cement manufactufing and blending plants are pre-~
sented in Table 2.13-3. Recommended control for raw material
- storage and handling (primary and secondary crushing/scrééhing,_
grinding, conveying, etc.) is through use of a wet dust suppres*i'
sion system with a chemical wetting agent. This system provides
géod control effectiveness (approximatély 90-95%) and.reaucés
_visible emissions significantly. Further justification for this
?méasure, besides the economical aspect,_is that it is already
commonly uéed within Portland cement plants.

Recommended coﬁtrol for handling/storage of clinker and'
:gyPSum as wéll as the cement prdduct is the construction of an _;
enclosure with alr (and dust) dlsplacement o a | |
fabric fllter baghouse system. This is advantageous not only for 
.1ts h;gh degree of partlculate control but ‘also for the added
benefit of product recpvgxy. Wet ‘suppression is not fea51b1e due:
to the impairment of material qguality and handling properties |
.ﬁhiéh can result. Greater product yield, which can stem from the
employment of a fabric filter system,should aid to offset the

high cost for such control.
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APPENDIX FOR SECTION 2.13 

Avera&e plant capacity = 444,525 tpy
(:) Raw material unloading :
Emissions (coal unloading) = (0.4 lb/ton) (87,197 tpy)
= 34,880 lbs/yr

(.03 + .4 . L
Emissions (other material unloading) = Z 1b/ton)

(177,576 tpy) = 38,180 lbs/yr
Total emissions = 73,060 1lbs/yr

Enclosure, vent to fabric filter

Capital cost = $87,400
Annual cost = $21,000

$21,000/yr  _
C/B = .99 (73,060 $0.29/1b

Enclosure

Capital cost = $15,000
Annual cost = $2,600

$2,600/yr _
c/B = .5 (73,060) ~
- Wet suppression (chemical)

See ‘D
C/B = $0.004/1b

<:> Raw material charging to primary crusher

(0.003 + 0.04 o

Enclosure, vent to fabric filter

Capital cost = $130,000
Annual cost = $33,000

$33:000/ r
¢/B = .95 (13,125}

Wet suppression (chemical)

see (®
C/B = $0.004/1b

= $0.008/1b




Primary crusher g
Pmissions = (0.5 lbjton){651,338 tpy) = 325,670 lbs/yr

Enclosure, vent to fabric filter

see (®
C/B = $0.008/1b

Wet suppression (chemical)

.See @D
C/B = $0.004/1b

Transfer and conveying {(raw material) _
Emissions = (0.3 lb/ton) (651,338 tpy) = 195,400 lbs/yr

Enclosure, vent to fabric filter

See ‘D
c/B = $0.008/1b

Wet suppression (chemical)

See (B
C/B = $0.004/1b

Vibrating screen, secondary crushing e SR
Emissions = (1.5 lb/ton) (651,175 tpy) - 976,760 le/yr

Enclosure, vent to fabric filter

See ‘D
¢/B = $0.008/1b

Wet suppression (chemical)

See
C/B = $0.004/1b

Unloading outfall to storage (raw material)’
Emissions = (4 1lb/ton) (650,687 tpy) = 2 602 750 1bs/yr

Fnclosure, vent to fabric fllter

See
c/B = $0.008/1b

Adijustable chutes

N2 ({(See Section 2.1)

Wet suppression (chemical)

See ID
c/B = $0.004/1b



(:) Raw material grinding and feed / discharge exhaust systems

Emissions = (0.1 1lb/ton) (649,387 tpy) = 64,940 lbs/vyr

Wet suppression (chemical)
See (8
C/B = $0.004/1b

Enclosure, vent to fabric-filterf”

see (®
C/B = $0.008/1b

Raw materlal blending and. storage
Emissions = {0.05 lb/ton}(649 355 tpy) = 32,470 1bs/yx

Wet suppression (chemical) (for sources @ thru )

Capital cost = $64,000
Annual cost = $15,700

$15,700/yx
795 (73,060) + .9 (13,125} + .9 (325,670

C/B

¥ .95 (195,400) + .9 (976,760) + .95 (2,602, 750)

+ .9 (64,940) + .95 (32,470)

It

$0.004/1b

Enclosure, vent to fabric filter (for sources (@ thru )

| Capltal cost $l30 000
Annual cost = $33 000

$33,000/yx
.95 (13,125) + .95 (325, 670)

I

Cc/B

795 (195,400) + .95 (976,760) +. 99 (2 602 ,150)

55 (€4 940) + 95 (32,470
= $0.008/1b
Coal storage

Loading onto pile

' See Section 2.1

Wwind erosion

See Section 2.1



Coal transfer to grinding

®

See Section 2.1

Leakage from grinding (coal) .

®

Improved operation and maintenance program
No data

'(Z) Clinker /jgypsum outfall - unloading, storage, loadout

EL%J—Q- 1b/ton) (446,059 tpy)

I

Emissions

3,345,440 lbs/yr

Enclosure, vent to fabric filter

See lq?
Cc/B = $0.01/1b

Adjustable chutes

Seé Section 2.1

(:) Finish grinding with leaks from miiling and feed / discharge
£xhaust systems

Emissions = (0.1 lb/ton) (444,525 tpy) = 44,450 lbs/yr

Enclosure, vent to fabric fiiter plus good operatihg prbgram

See
C/B ==0 .01/1b

Pneumatic conveying

. Capital cost = $99,000
Annual cost = $21,200

$21,200/vyr
C/B = .99 (44,450) = $0.48/1b
Cement silo vents L
Emissions =(000.1 1lb/ton) (444,500 tpy) = 44 lbs/yr

Vent filter ("fabric socks")

No data

Vent to fabric filter

See lﬂ?
¢/B = $0.01/1b




Cement loading
Emissions = (0.236 lb/ton) (413,485 tpy) = 97,580 lbs/yr

Adjustable chutes

See Section 2.1

Vent to fabric filter

See
C/B =D.01/1b

Cement packaging
Emissions = (0.01 1lb/ton) (30,980 tpy) = 310 1lbs/yr

Vent to fabric filter (for sources (:) thru -@:) )

Capital cost = $130,000
Annual cost = $33,000

__$33,000/yr
C/B = .97 (3,345,440) + .95 (44,450) + .99 (44)
.99 (97,580) + .99 (310)
c/B = $0.01/1b
Choke feed

See Section 2.1






2.14 FERROALLOY PRODUCTION

2.14.1 Process Description

Ferroalloy is a geherio term for alloys containing iron and
one or more other metals. Ferrocalloys are used in steel proouc-
tion to introduce the nonferrous metals into the melt as alloying
elements or deo#idants. The three basic types of ferrocalloys are
silicon-based including ferros;llcon and calciumsilicon, manga-
nese-based 1nclud1ng ferromanganese and 51llcomanganese, and
chromium~based including ferrochromlum and ferrosilicochrome.
Other ferroalloys produced 1nclude ferrotltanlum, ferrocolumbium,
ferrotungsten and ferrovanadium.

‘While several processes are available to produce ferro-
alloys, electric smelting furnaces are used to produce over 75
peroent of the total.l Thus, it is the process which will be
described herein and is ouﬁlined iﬁ Figure 2.14-1. Other proc-
esses such as the electrolyte process and the wvacuum process do
not result in s1gn1f1cant emlsSLOns of partlculatelmatter.

As shown by the Flgure, feed materlals such as chrome ore,
limestone, quartz (silica), coal, wood and scrap iron are typi-
cally unloaded from hoppe::cars and conveyed to outside storage
piles. As needed, the maﬁerials are conveyed to a crusher,
then screened and dried before being fed by conveyor and bucket
elevator to feed.storage bins. The materials are gravity dise
charged from the bins to a weigh feeder programmed for a specific

blend of the feed materials. The weighed materials blend is
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taken by bucket elevator and belt conveyor to charge hoppers from
which it discharges by gravity into the smelting furnace.

In the electric submerged arc smelting furnace, carbon
electrodes extend from the top of the furnace to near the bottom.
A sketch of a typical furnace is shown in Figure 2.14—2.2 Heat
is generated by arcing of the electrodes to obtain temperatures
of 4000 to 5000°F around the electro&es.? Such a temperature
permits carbon reduction of the*metallic.cxides present and melts
the feed materials chargeé‘to the furnace. Varicus impurities
are trapped in the slag whlch floats on the molten ferroalloy
collecting at the bottom of the furnace. The average smelting
furnace productlon capaczty is about 120 tons per day or 40,000
tons per year of ferroalloys.4_ | ) |

The molten product is tapped from the bottom of the furnace
into a rece1v1ng ladle and is taken to the cast house where it is
poured into molds, cocled to a solid form, crushed, screened to
degired sizes, and stored. Product is taken from storage for
packaging and shipment. |

Several sources of fué&tive particulate emissions exist at
a ferroalloy manufacturing plant. As shown in Figure 2.14-1,
these sources include the following:

1. feed materials unloading and storage,

2. feed mcterials crushing,

3. feed materials screening,

4. charging and smelting in an electric arc furnace,

2-308



-ELECTRODES

Ry

L,
REACTION
GASES L1 1. L CHARGE
" . MATERIAL
i i REFRACTORY
cl_'-':b‘ AETRAR e AT At ’ ) LINING
.‘q::‘:.‘d:;‘ :c:r‘}'::o.: . ;o a‘:;c:.:;a_ . S H E L l_ .
A LA A\ LAT gk ——CRUCIBLE .
MOLTEN FERROALLOY TAP HOLE
CARBON HEARTH ' o

Figure 2.14-2.

2-309

o]

Submerged-arc fyrnace for
ferroalloy production.



5. furnace tapping, and

6. casting, crushing and ‘screening.
Of these llsted sources, the greatest source of fugitive particu-

1ate by far is the electrlc smeltlng furnace.

2. 14 2 Fugltlve Dust Em1531on Factors
| The fugitive particulate emission fa¢tors for the various

production steps are get forth in Table 2.14-1 ; The factors are
based upon a studyS of the ferrocalloy industry and are conSLdered
of fair reliability. - o |

As can be noted from the table, the fugitive emzssxons
factor for electric arc furnace operatlon and tapplng are larger
than for the other gsources. The values c;ted are medlan values
for a semi-enclosed type furnace‘at which leakage occurs around
the electrodes. The factor for ferrosilicon production iS;higher
than for ferromanganese alloy becéuse of the higher'furnaée
teﬁperatures required for its production. o |

The factor cited for the cast house is éomprised of emis~
sions from the casting operation and the product crushing and -
screening operations. No.data"wére available t6 obtain separate
emission factors for these sources.

2.14.3 Particle Characterization

The properties of particulates emitted into the atmosphere
from raw material handling are similar to those of the feed mate-

rials. Dusts generated range in particle size from 3 to 100
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TABLE 2.14-1. FUGiTIVE_DUST.EMISSIDN FACTORS FOR FERROALLOY PRODUCTION

: i Co. . Reliability :
Source Emission factor rating Reference
(::) Raw materials un- 2.8 1b/ton stored | D 5
-Toading and P _ ‘
| storage
@'Raw matema] crush- | 4.0 1b/ton crushed D 5
ing L . .
(::)Raw material -~ - | 4.5 1b/ton screened - - D : 5
screen1ng _ _ |
<::> Furnace charg1ng 5 02 to 15. Sb ?b/ton c ' 5
<~ “and melting melted : - e
(::)-Furnace tapping 1 12.0 1b/ton tapped - D - 5
- Casting, cru3h1ng
o~ and screen1ng
6a. Cast1ng 2. 4 1b/ton cast D _ 5
6b. Crushing/grind- 7 2 1b/ton crushed or D 5
“ "ing product ground - - : '

a Use for FeMn alloy. (sem1enc1osed furnace)

b Use for FeSi (50%) alloy (sem1enc10$ed furnace)
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mici:ons6 én& have a bulk density of 35 to lOO-pounds6 per cubic
foot.

Particulates emanating from the electric arc smelting,
tapping and casting operations tend to be very small in size and
are reported? to range in size from 0.1 to 1 micron in diameter.
The particulate bulk density is low, 4 to 30 pounds7 per cubic
foot. The chemical composition varies depending upon the par-
ticular alloy being produced. Silicon alloys produce a gray fume
containing a high percentage of silicon dioxide. Ferrochrome
silicon alloys generate silicon dioxide and chromium oxide emis~
sions. PFerromanganese alloy production produces a brown fume
consisting of silicon dioxide and manganese oxides.  An addi-
tional component of the particulate in all cases is carbon which
" .comes from the carbonaceous reducing agents in the feed mate-.
rials. Other alloys would also result in metallic oxide emis=-
sions (i.e., vanadium oxides, titanium oxides, etc.).

The crushing and screening of the product alloy emits
metallic particulates that range in size from 3 to 100 microns.8
The chemical composition of the dust is the same as that of the
ferrovalloy being produced.

The literature surveyed did not reveal any data concerning
the toxicity of the particuiate emitted. The gases evolved from
a semi-enclosed afc furnace contain a large proportion of carbon

monoxide.
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2.14.4  Control Methods

The alternatives consiéered.for the control of the various
emission sources are presented in Table 2.14-2.

For the customary outside storage of feed materials, the use
of wet dust suppression and wind breaks on thg windward side of
the piles is propased,

For feed materials crushing and screening, emissions can be
controlled by venting them through hoods to either mechanical
collectors or fabric filters.

Fugitive emissions from é.semi—enclosed'smelting furnace cah
be controlled either by maintenance of the feed seal around the
electrodes or by use of & back-up hood vented to a fabric filter
or a combination of the two. These measures control only the.
fugitive emissions from around the electrodes. The point source
gaseous effluent is routed to a control device such as a high
pressure venturi scrubber or fabric filter which would exhaust
via a stack to the atmosphere.

Emissions from tapping ¢f the ferroalloy melt can be con-
trolled by venting them via a hood installed above the tap and ‘ductwork
connected either to a separate fabric filter or to the existing main fur-
nace effluent control dewvice. However, in cases where a blowing
“tap occuré, control is infeasible due to the force with which the
tap emissions are expelled,

The cast house fugitive emissions come from both ferroalloy
casting operations and from product crushing and screening.

Control of these emissions can be achieved either by the hooding
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and wenting of the specific sites of emission to fabric filters
or by exhaust of the building air to a single large capacity
fabric filter installation.

2.14.5 . Recommended Reasonably Available Control Measures (RACM)

The recommended RACM for each of the listed emission sources
is shown in Table 2.14-2. Selection was based on considerations
of ease of installation, the meeting of state iegulations and
industrial practice.

For raw materiaLs unloading and storage on outside piles,
wet dust suppression in combination with wind breaks is recom-
mended since it is easily accomplished and is readily_available.
Refer to Section 2.1 which deals with the control of dusting from
plant roads and storage piles.

The use of fabric filters for emissions control from feed
materials crushing and screening is recommended on the basis'of
industrial practice;19 Ssuch ‘a. control system can meet
. State emissions regulations concerning opacity and gréin loading
(0.030 gr/dscf). If it is practical at a given plant site,
emissions from crushing and screening can be vented to a common
dust collector to save the cost of two separate installations.
The collected dust is easily recycled to the process stream, thus
- preventing loss of feed materials.

As noted in Table 2.14-2, the costs of maintaining the feed
seals around the electrodes of a furnace are unknown. If it is

assumed, however, that the incurred costs are nominal, then such
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practice,in combination with the use of hoods and a fabric filter,
is the preferred method of control.

Venting of emissions to the existing furnace control device
the recommended RACM for melt tapping. The costs are unknown is
since they would be highly variable from one installation to
another. Also, this option may not be possible at some plants
becahse of capacity limitationg of the furnace control device or
equipment configuration problems. In these cases, a new control
device is recommended due to the significance of tapping emis-
sions.

The collection and capture of emissions from specific points
of generation (i.e., crushers, grinders, screens) is the recom-
.mendéd RACM for the cast house operations. The method is advo-
cated because it maintains a cleaner environment within the
building and avoids retrofit difficulties associated with instal-
lation of a very large fabric filter. No control is recommended
for casting. The only viable control option for casting emissions is
building evacuation to a fabric filter. However, this measure does
not appear to be cost effective due to the large air exhaust volumes
and the size of the fabric filter required. ' Furthermore, casting at
”a'typical Ohio ferroalloy production plant is generally performed at
a number of locations and buildings. Since the cost-benefit wvalue
presented for building evacuation to a fabric filter represents control
for one building only, control of additional buildings where casting

is performed*ﬁould not be cost effective.
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APPENDIX FOR SECTION 2,14

Assume average throughput = 40,000 tpy

(:) Raw materials unloading and storage
Emissions = (2.8 lbs/ton) (40,000 tpy) = 112,000 lbs/yr

Wet suppression

Capital cost = $11,000
Annual cost = $7,000

§7,000/yxr = _
c/B = 75 (11z,000) = 50-13/1b
Wind breaks
Capital cost = $35,000
Annual cost = $7,000
STL000/9F_ _ o 16/1b

C/B = .4 (112,000)

(:) Raw materials crushing _ Co e
Emissions = (4.0 lbs/ton)(40 000 tpy) = 160,000 lbs/yr

Hood and vent to fabric filter

Capital cost = $61,000
Annual cost = $18,000

$18,000/yr
c/B = .9 (160,000}

Hood and vent to mechanlcal collectors

¢:$0.13715

Capital cost = $30,000
Annual cost = §6,000

_$6,000/yx ¥ _ $0.05/1b

/3 = TF (160, 600)

<:> Raw materlals screening - : . _
Emissions = (4.5 lb/ton)(40 000 tpy) = 180,000 lbs/yr

Hood and vent to fabric filter

Capital cost = $61,000
Annual cost = $18,000

$18,000/yr
c/B = 79 (180,000)

= $0.11/1b



Hood and vent to mechanical collectors

Capital cost = $30,000 . -
Annual cost = §6,000

$6,000/yr' §
c/B = .8 (180,000) = $0.04/1b

Furnace charging and melting (semi-enclosed type)
Emissions = (15.5 lbs/ton) (40,000 tpy) = 620,000 lbs/yr

Feed seal maintenance
o cost data

Back-up hoods with a fabric filter

Capital cost = $61,000
Annual cost = $18,000

$18,000/vxr
c/B = 79 (620,000) = $0.03/1b

Purnace tapping
Emissions = (12 lbs/ton) (40,000 tpy) = 480,000;1bs/yr

Hoods and venting to new fabric filter

Capitai cost = $600,000
Annual cost = $200,000

$200,000/vr

c/B = .9 (480,000) 2

Hood and duct into existing control device
No cost data ' AN _

= $0.46/1b

Casting, crushing and screening o L e
Emissions (casting) = (2.4 1bs/ton) (40,000 tpy) = 96,000 lbs/vx
Emissions (crushing & screening) = (7.2 1bs/ton) (40,000 tpy)
: ' = 288,000 lbs/yr

Hood and duct crushing operations to a fabric filter

Capital cost = $130,000
Annual cost = $47,000

$47,000/YC _ _ «n 187/1h
c/B = T5(288,000) = $0-18/1b

Building ventilation to control device

Capital cost = $390,000
aAannual cost = $130,000

$130,000 _
C/B = 70 (288,000 + 96,000) $0.38/1b




2.15 METAL SALVAGE OPERATIONS

2.15.1 . Process Description

Automobile shredding comprises the majority of metal salvage
operations. Figure 2.15-1 illuétrates the fuﬁdamental unit steps
of this process and the potential:sources of fugitive particulafe
emissions. Cars are:first compééted, thoﬁgh not necessarily on
site, to allow them to be fed intc the shreddér/hammermill. Additional
engines, fuel tanks and other items are often éhclosed in the auto
prior to compacting to increase the metal weight fér'sale;l Compacted
cars are then fed (often by crane) into the shredder. Combustible
fluids (oils) are usually drained prior £o compaction and shredding.
Shredding without draining these fluids can result in fires or
explosions when ignition occurs due to the frictién and heat generated.
Some shredders are_eéuipped with watet sprayssﬁhat reduce1both
fugitive particulate emissions and heat.

Another source of fugltlve em1551ons at metal salvage operations
is the torching statlon where. combustlbles often are ac01dentallv
ignited during the removal of-varlous auto parts with acetylene
torches. These stations can result in signifi¢ant'emiSSiogs of
smoke. |

After shreddlng, the materlals are transported, usually by belt
conveyoxr, through vibrator (shaker) and magnetic separatlon equipment
to remove ferrous material from nonferrous scrap. Ferrous material
is transferred by stacker conveyor to open storage and may be loaded

by front-end loader or by belt conveyor
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onto truck, railcar or barge. Nonferrous scrap is stockpiled

for eventual shipment to recycling or disposal.

2.15.2 Fugitive Dust Emission Factors

A survey of the literature revealed that there has been no effort to
quantify the emissions from metal salvage operations. No specific emission
factors were discovered that could even be considered as analogous
-operations. The development of reliable emission factors for metal
.salvaging operations would require a thorough testing program on several
suéh operations. Given the dearth of emission data, no attempt Was_made.to

estimate fugitive emissions from metal salvaging operations.

2.15.3 Particle Characterization

Particle size and density data are not available for metal
salvaging fugitive emission sources. While handling and storage
of ferrous material contribute to fugitive dust emissions,
handling and storage of nonferrous material and smoke from.com—
bﬁstidn in the shredding operation are the pfimary fugitive emis-
sion sources. Nonferrous particles consist predominately of
fibrous material from seat cushion/upholstery (about 80 percent),
rust (about 15 percent), and dirt or mud (about 5 percent).2
Smoke due to combustion within the shredding operations has been
observed to reach opacity levels of 80 to 90 percent as often as

2

once or twice daily.

2.15.4 Control Methods

Alternative control methods for the fugii‘:iv.e emission

sources are presented in Table 2.15-1 along with their estimated
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control effectiveness and.costsw The more significant problems
associated with auto shxe&ﬁing Qperations,invblve curking the
emissions generated'from ‘the trucking of autos, from the shredder
itgelf and in:hanalingzef'the'nonﬁerrouS'material} Vehicular
movement of front-end loaders and trucks oﬁerlunpaved surfaces
also may cause a major fugitive‘dust,problem. A variety of
methods ars available for.contrellof fuéitive_dust from materials
‘handling operations and snpaved ioaafduSt, Tﬁese methods are
discussed in detail in-Sections 2:l.l an&‘2.1.3. |

For accidental fires at torshing sestions, fire extinguishers
may be used to put out fireS‘and; thereby; eliminate smoke generation.
Progex &orching practices should also be employed to prevent such fires.

The use of venturi scrubbers 1s common to metal salvage
facilities. Pneumatic pick—up'ofiand venting the dust (including
£fibrous "fluff® material) to the5serubber aids in controlling
shredder fugitive losses. Also,<ﬁe£ shreddiné can serve to sup~
press much of the partlculate problem.S Internai sprays can be
-adapted to "dry" shredder systems resultlng in 1mproved dust
control.,5 Friction created in operatlng elther system (wet or
dry) can ignite combustlble materzals contalned wmthln the
vehicles. Removal of mntors and?transm;SSLOQs eontalnmng:com—
bustible fluids can helg:to eliminate:eXPIBSisns;and decrease the
high opacity problem from blﬁe smeke.ijoters'esd £ransmissions
can be fed separately into theeshredder,'efter fhe§ have been

drained of their combustible‘fluids.'-Précautionary measures of



this type can result in fewer shutdowns from explosions and fire,
resulting in greater productivity.

Magnetic separation and conveyor (belt) transfer points also
generate fugitive dust emissions. Auto shredding facilities con-
trol these sources through the use of low-energy cyclone/wet
scrubber systems. These systems alsc aid in the separation/re-
moﬁal of lighter nonferrous scrap material. The matérial col-
lected (by the cyclone) is stored prior to disposal and the
heaviér nonferrous material fraction is conveyed to storage prior
to byproduct recovery. Enﬁlosure is an efficient alternative to
the cyclone/scrubber system for controlling these emissions, but
is not common in the industry.due to its initial high cost.

In the handling of ferrous and nonferrous materials both to
and from storage, enclosure techniques show the greatest poten-
tial as a fugitive dust control measure. In addition, convevors
can be adjusted to decrease the material free-fall distance and
minimize the dust generation. Wet suppression measures can also
be used to control product and nonferrous material loss.

Windblown losses from scrap material storage piles can be
controlled via numerous techniqﬁes. These include enclosure,

wind screens. and wetting. These techniques have beeﬁ addressed

in Section 2.1.2.

2.15.5 Recommended Reasonably Available Control Measures (RACM)
The recommended RACM are designated in Table 2.15-1 for con-
trol of fugitive emission sources from metal salvaging opera-

tions.
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It is recommended that accidental fires at torching operations
be prevented by the use of good operating practices. Also, the use

of fire extinguishers to promptly put out fires is recommended.

The recommended control technique for shredding operations
is again implementation of the program to remove all combustible
fluids coupled with the use of wet shredding and venting the
shredder to a wet scrubber. These techﬁiques have been used in
the industry and are very effective in reducing fugitive particu-
late emissions. | | |

The recommended control technigue for magnetic separation
and conveying operations is the use of a.cycloﬁe/wet-scrubbar
system on the basis that it is an effective techﬁique.already in
use in the industry.

Handling both the ferrous and nonferrous materials to and
from storage can be effectively controlled using adjustable con-
veyors to reduce free-fall distance coupled wiﬁh wet suppression
prior tg loading/loadout to reduce windage losses. Wet suppres-
sion is also recqmmended as the control technique for reducing

windage losses from the storage piles.
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2.16 PULP AND PAPER MILLS

2.16.1 Process Description

The basic process for production of paper involves the de-
struction of lignin that binds the cellulose fibers of wood to-
gether. The cellulOSe fibers'(o:.pulp)'a:e the raw materials
from which paper and cardboard prbdﬁcts are produced.

several different chemical processes are used to dissolve
the lignin. The major grcceSées are sulfate (Kraft}.pﬁiping,
sulfite pulping and neutral sulfite semichemical (NSSC) pulping.
“fhé prdéeSSéé'differisdméwhat §n the steps ﬁsed in_thé pulp
process, but ali_start out with wood chips as basic raw material.

Wood chips may be purchased from an outside source or may
be produced on site. The logs are first debarked using mech~
anical means. The debarked logs are then cut at a 45 aegree
angle ﬁb:the'grain in a high-speed chipper, producing chips of a
size of about 1 inch by 1 inch by 3/16 inch. 'The'éhips”ére then
$creened_f§: proper sizing and stored for subsequent use. The
prepﬁlpiﬁghsteﬁé”Efe'iilusfraﬁed iﬁf?igﬁ:éi2}16—i.ﬁith.the poten-
tial fugitive dust sources indicated. |

. Aésﬁhg_firét sté@fiﬁ the pﬁlﬁiﬁé ﬁrddéés;”ﬁhé‘éhips are
" conveyed £6 éfaige§t§£”ﬁh¢ré theY aré'“cookEd? ﬁiih the lignin-
dissolving chemicals. Tt is at.tﬁié point that the ?ﬁlping
processes varY)_Siﬁée,several'different ¢heﬁicais'may.bé'used to
dissolve the lignin. From a fugitive dust standpoint, the re-
hainihgf§£0cess stépé; iﬁ'any §f:£hé pﬁi?iﬁg_prbcesseé,Jare all
"wet" operations; and, therefore, are not fngitivé soﬁrces.

~
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However, for informational_purposes, a brief»process description
of the major pulping procéss in the U.S., sulfate (Kraft) pulp-
ing, is provided.l o

Figure 2.16-2 is a flow sheet of typical Kraft pulp mill
operations showing the recovery and recycling of the valuable
sodiumn salts.. Wood chips are fed into a continuous digester
countercurrent to a fresh chemical stream (called white liquor)
containing abput 21 percent actiVé chemicals, of which three
quarters is sodium hydroxide and'one guarter is sodium sulfide in
water solutibh.' The digester“isuﬁela at 100 to 135 psig and 338°
to 347°F.2 ;ﬁimg rgquired for the cooking cycle is from 1 hour
for_unbleached brown pulp to as much as 5 or 6 hours for pulps
that areltc=be h‘leached..2 The cooking process causes formation
of malodorous.sulfide gases, sucﬁ.as hydrogen sulfide, methyl
mercaptan and dimethyl sulfide. “Venting of these gases gives a
kraft mili its typical sour odor.

The conténfs of the digester exit through a "blow tank,"
where steam and noncondensibles a?e flashed-off, and cooked chips
are sent to a filter that separatés the pulp ffpm the spent coock-
‘ing liguor, now called “black'liéﬁor". The pﬁl?sééSSQS'On for
further refiﬁing and possibly bleaching hefore:itgis éréssed,
dried and sold as pulp or made*into paper orzéﬁher prbaucts.

Satisfactory economicszforhthe:kfaft'proé§5$:requiré effi-
cient recovery of sodium apd_suiﬁﬁ£ values from the blaék_liquor,
as depicted on the flow sheét. fihe organic sulfides, also called

"reduced sulfur" or "mercaptans”, are often oxidized as an air

~ .
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pollution control measure to render them less volatile and, thus,
diminish loss when a direct contact evaporator is used in subse-
quent stepss The black liquor is then concentrated to 50 percent
solids in a multiple—effect evaporator and pumped to the recovery
furnace. | |

Where direct contaot eﬁaporation is used, the black liquor
is concentrated 1n the recovery furnace to 70 percent combustible
~solids by countercurrent flow agalnst hot combustion gases from
the furnace,_ If good oxldatlon is obtained upstream, this unit
. will emit only smalllguantltles of volatile reduced sulfur
compounde. - !

The black'liquor concentrate is spraYed into the recovery
furnace, where the carbon from the wood is burned, the remalnlng
water is evaporated and the sodlum is changed to molten sodlum
carbonate or sodlum sulflde, These molten salts, or "smelt", are
redissolved in water to form "green liqaor", and then are clarified
:and causticized wmth llme. The resultant solution of sodium
hydroxide and sodlum sulfate is called “Whlte 11quor“ The
"white ligquor" is recycled QL the dlgester.

The calc;um carbonate resultlng from caust1c1zlng is £il-
tered from the “whlte lzquor and is passed on to an ozl~ or gas-
flred kiln. Entering the kiln at 35 percent m01sture, the
calcium carbonate is drled and thep decomposed at about 2370°F to

calcium oxide and carbon dioxide.
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2.16.2 Fugitive Dust Emission Factors

Little data exists on the guantity of fugitive emissions
from debarking, chipping and handling operations at pulp mills.
One source estimates that there are negligible emissions from log
handling operations.3 This would seem reasonable especially in
cases where the logs are received in a wet state, a common
occurrence at pulp mills. The emission factor for log debarking
is estimated as 0.024 pounds per ton of logs debarked.4 This
estimate is cited as an order—-of-magnitude number. If the log
debarkin§ operation is carried out on wet logs or a wet process
is used (i.e., drﬁm barkers, bag barkers or hydraulic barkers),
the emissions would be insignificant. No emission factors could
be located for the chipping, screening, handling or storage
operations. However, due to the large size of the chips (1" x 1"
x 3/16"), it is probable that these operations do not result in
significant, airborne emissions.
| Perhaps the most significant source of fugitive emissions at
pulp and paper mills would be lime storage, handling_ and trans-
fer operations. These operations are essentially the same as for
lime plants and are descfibed in Section 2.3. Another source of
fugitive dust a£ pulp and papef mills is plant haul roads.

Proper evaluation of this source is detailed in Section 2.1.

2.16.3 Particle Characterization

No data are available on the characteristics of fugitive

particulate emissions from pulp and paper mills. The particles
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would consist of the wood being processed as well as dirt and
dust adhering to the wood and bark from previous handling. The
characteristics of the lime dust generated are described in

Section 2.3.3.
2.16.4 Control Methods

No specific data are available on control methods for the
wood debarking, chipping, screening, handling and storage
operations - if, indeed, there is any necessity for control. The
control techniques generally agplicable to materiais handling and
storage operations are described in Sections 2.1.2 and 2.1.3.
ﬁowever, it should be emphasized that, if the'lQQS are in a wet
sﬁa;e. this in itself is a good'control'techhiQﬁa, |

Control techniques for lime handling opératibns are de-
scribed in Section 2.3.4.

2.16.5 Recdmmended'aeaSOnably Available Control Measures (RACM)

Given the lack of data on fugitive emissions from pulp and
paper mills, no specific control measures can be recommended for
the potential fugitive sources. General control techniques ap-
plicablg to the wvarious Operatiéns are described in the sections
on materials handling, materials storage and plant roadways.
However, it is probablé'that the log handling and storage, de-
barking, chipping, screening and chip handling and storage
operations are insignificant sources of fugitive particulates,
and based upen this, no control is recommended for these opera-
. fioﬁs.

RACM for the lime operations are given in Section 2.3.5.

~
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2.17 ‘WOODWORKING OPERATIONS

2.17.1 Process Description

This category includes any woodworking operation that emits
fugitive particulate matter, such as wood shavings, sanderdust and
sawdust, during the processing“gf wood, bark, or any wood byproducts.
such woodworking operations may include debarking, sawing, planing,
chipping, shaping,“moulding,Thogging, latheing,fd;illing,_carving and
sanding. These operations are found in.the following ihdustries:
sawmills; plywood, particleboard, and hardboard plants; and furniture
and miscellaneous wood product ﬁanuﬁaCturing plaﬁts,; j;

. Because of the large number of indust;ies using quﬁworking
operations and the large number and variety of WOodW§rkiﬁg equipment
- employed, a complete process description of each is beyond the scope
of -this study. However, a brief process description of the lumber
and furniture manufacturing industry, which employs a wide range of
woodworking equipment, will be discussed as a represehtative example.

A furniture manufacturing plant may use either logs or cut
lumber as a raw material. The choice usually depends on 'the volume
and type of final product manufactured. In either case, a sawmill is
used for the primary processing of cut wood. 2

Cut wood is transferred from the forest to the sawnill by truck,
or floated down a river or towed by tugs in the form of "log booms or
rafts”. It is stored at the sawmill by either stacking on the ground
or by using a log pond.3 For ease of handling, the larger logs are
cut to smaller lengths in a process called bucking.

The logs are then debarked by using any one of the five following
types of machines: drum barkers, ring barkers, bag barkers, hydraulic
barkers and cutterhead barkers. _The ring and cutterhead barkers are

~

dry processes, whereas the other three are wet processes using water.
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After the logs are cut to ceréain lengths, they are cut lengthwise
into standard sizes.

gfter this cutting process, the lumber is dried in the ambient
air or in a kiln, and then transferred to the furniture manufacturing
'plant.é

At the fﬁrniture'manufacturing plant, additional air or kilmn
drying of ﬁhe'lumber may be provided. The kiln drying is necessary
in order to prevent the warping or shrinking of furniﬁure due to the
high moisture-conﬁent*in natural wood. Natural wood contains approximately
60 to 70 percent moisture while kiln-dried wood contains about 5 to 8
percent moisture.”

At furniture manufacturing plants, there are five main processing
areas. These are'l) rough milling, 2)- finish milling, 3) sanding, 4)
assembly and 5) finishing.® |

In the rough milling area, the lumber is cut to the approximate,
required dimensions, and natural defects are removed. The woodworking
operations normally used here include sawing, planing and molding.

Finish milling, which further refines the lumber, may‘include
such woodworking operations as sawing, shaping, lathe work, mortising,
and routing. |

Sanding is used to create a smooth wood finish. It is usually
performed by sanding machines rather than by hand.

The assembly operation usually consists of gluing and stapling
wood ?ieces together, assemblying the pieces and performing minor
hand sanding if necessary.

The finish operation usually consists of applying surface coatings
to the éroducts and drying. In the final step, the finished furniture

is inspected and then packaged and shipped to the customer.7
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Woodworking operations, such as planing, sanding and sawing, at
furniture manufacturing and other miscellaéeoué wood processing
plants, are normally performed indoors and have pneumatic transfer
systems for removing wood waste from the work area. BSuch systems are
necessary in woodworking operations in order to remove the tremendous
guantity of wood waste that would otherwise accumulate. Théy also
‘are a convenient transport system to collect wood waste at a central
collection point for ultimate disposal. These pneumatic transfer
systems usually consist of hooding devices which have scoopéd openings
thatlcapture wood waste from woodworking equipment as it is thrown
out. The hooding devices are ducted to either cyclones and/or fabric
filters. An exhaust fan is employed to provide the necessary draft
to pick up most of the wood waste. Bins are used to store the wood
waste which is captured by the cyclone and/or fabric filter.

Large diameter cyclones are used more extensively than fabric
filters. This is primarily because such devices are relatively
inexpensive, require little maintenance and have moderate power
‘requirements. Fabric filters are generally used in woodworking
operation exhaust systems where a significant amount of.fine dust
such as wood flour or sanderdust is encountered,_or where dust
nuisances cannot be tolerated. Fabric filters are very efficient in
Caéturing wood waste and are often used in conjunction with less
efficient collectors such as cyclones or impingement traps which
remove most of the larger wood particles.8'9

" The design of a cyclone collector is based on the air volume and
tYpe of wood waste being handled. At woodworking operations where
sanderdust waste predominates, high efficiency cyclones with diameters
of less than 3 feet are used. For woodworking operations where

lafger'wood waste predominates, cyclones with diameteré up to 8 feet
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are effective. However, many operations employ a wood/bark hogging
machine to reduce the partlcle size for ease of transport and/or for
use in wood-~fired boilers (see Figure 2.17-1). For wcodwcrklng
operatlons generatlng varying sizes of wood wastes, cyclones with
1ntermed1ate_drameters are used.10s11

The wood eastezehicﬁ'escapes the pneumatic transfer system is
generally insignificant, as 1s that which escapes through building
doors, windows and ventllatron systems. _Therefore, individual
woodworking. operatlonS-whlch are used at a furniture manufecturing
plant and other wood processmng plants have negl;glhle fugltlve
em1551ons and are not con51dered 1n thls study.]_'3 Furthermore, for
any woodwcrklng operatlon, whlch is performed rndoors and which
employs a pneumatlc transfer system and cyclone for wood waste removal,
the source. of emrssrons is usually conszdered to be the cyclone
rather than the lndlv1dual woodworklng operatlons. The cyclone is,

14
therefore, con51dered as the "source operatlon“ and 1s a p01nt source.

A process flow dlagram for lumber and furniture manufacturlng as
well as plywood and partlcleboard manufacturing is rllustrated in
Flgure 2.17-2. The frgure 1dent1f1es each potential source of
fugltlve dust. Those sources are as follows. for sawmills - log
éebarklng, sawmng and sawdust plle 1oadlng, unloading and storage;
and for furnlture, plvwood or partzcleboard manufacturlng, or any
51m11ar woodworklng operatlon - log debarking (at veneer/plywood
manufacturlng plants), wood waste storage bin vents and wood waste
storage bin loadouts. Another potential source of fugltrve dust,
which is not discussed here, is plant roads. This source is covered

in Section 2.1.1.
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2.17.2 Eugitive Dust Emission Factors

The estimated emission factors for various woodworking fugitive
particulate emission sources are summarized in Table 2.17.1. The
emission factors for log debarking, sawing, and sawdust ﬁile loading,
unloading and storage are rough estimates that are based on material
balance and engineering judgment. The emission factors for wood
waste storage bin vents and loadouts are based on only englneerlng
3udgment, Therefore, these factors should be considered to have a
poor reliability.

The.iog handling and-bucking.épératiéns’at-sawmillsJare considered
':ie be négiigib;e sources Qf fugitive emiséigns. Therefore, these
0peratié§s are not identified as fugitiVéZQust sonrées, éﬁd no'emission

factors are presented.
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TABLE 2.17-1 FUGITIVE DUST EMISSION FACTORS FOR WOODWORKING OPERATIONS

storage bin
loadout

waste loaded out

S Reliability
Source Emission factor rating ‘Reference
(1) 1og debarking 0.024 1b/ton E 17
© (sawmills) logs debarked :
(2) sawing 0.35 1b/ton E 17
(sawmills) logs sawed
(:) Sawdust pile 1.0 lb/ton wood E 17
loading, unloading| waste stored
and storage
{(sawmills)
(i)' Wood waste 1.0 1lb/ton wood E 17
storage bin waste stored
(:) Wood waste 2.0 1b/ton wood B A7
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2.17.3 prarticle Characterigation

The fugitive particulate.emissions from sawmills consist primarily
of broken bark particles and sawdust from sawing operations. 1In
addition, fugitive particulate emissions occur from dirt'and dust
which are embedded in the bark of logs and become airborne during
unloading, dragging, debarking and.stdrége operations.18

There is Very limited datalavailable on the particle size of
fugitiﬁe emissions from sawmill operations. One study reported that
approximately 91 percent of the particulaie matter generated from
sawmili operations at lumber yards is léfger than 991 miérbns in
diameter and that few of these sawdust particulates would be less
than 30 microns in diameter. Thﬁs; it.is highly probablé that few of
these particulates would remain guépended in the ambient air for a

significant amount of time.L?

There is also very little published data avallable on the particle
size of fugltlve emissions from furnlture manufacturlng or other
plants. One study was found regardlng a western red cedar furniture
manufacturlng plant which was equlpped with a pneumatlc exhaust
system on the ma;orlty of woodworklng operations. It was found that
most of the suspended particles in the plant env1ronﬁeﬁt had a particle
size diameter of less than 2 micfons.zo |

. The partidle size of the wosdeaste_generated b? woodworking
operations varies and can be lesé than 1 micron in diameter or up to
several inch;s long. The particle size of wood wasté.from such
woodworking operatlons is dependent on a number of factors such as

the type of operatlon, the type of wood processed and the sharpness

of the cuttlng-tools used. 2t

wdn
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The type of operation significantly affects the particle size of
wood waste generated. For example, a hammermill-type wood hog will
emit particles of all sizes, while a sander will generate only fine
particles. Wood waste particles from other types of machines are
generally larger in size, have greater uniformity than the above
eguipment and have a particle size that is seldom less than 10 microns
in diameter.??

The type of wood processed also affects the particle size of the
wood waste generated. For instance, hardwoods usually will tend to
splinter and break into smaller particles than softwoods, which tend
to tear and shred.23

The.shargness of the cutting tools used affects the wood waste
particle size, since dull cutting tools tend to increase the tearing
and shredding of the wood thereby resulting in larger particle sizes.24

For a comparison of the relative particle sizes of wood waste,
Table 2.17-2.gives approximate size ranges for the typical components
of wood residue used as. fuel in boilers.

' TABLE 2.17-2. APPROXIMATE SIZE RANGE OF TYPICAL
S COMPONENTS OF WOOD. FUEL

Component ' Size range, inches
Bark ' 1/32 - 4
Coarse wood residues 1/32 - 4
Planer shavings 1/32 ~ 4
Sawdust 1/32 - 3/8
Sanderdust . 2 u8 - 1/32
Reject "mat finish" _ _ 10 p® - 1/4

& gmall end of the range is measured in microns.
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Fugitive particulate emissions from woodworking operations are
generally considered to be non-hazardous' with respect to health,
property and welfare; however, such emissions can create nuisance
problems under certain conditions. In any casé, the proper collection
and disposal of wood waste from woodworking operations employing
lumber that has been treated with a toxic preservative such as penta-
chlorophenol should always be practiced. Pentachlorophenol is a
26

‘hazardous chemical and is a known carcinogen.

2.17.4 Control Methods

This section will describe &ll known control methods for the
fugitive dust sources identified in this study. The control methods
- described will include those which are typical in the industry; those
' which are in ﬁse but not typical in the industry and thoée which are
technically feasible but not in uée by the industry.

Log debarking operations at sawmills using wet process debarking,
such as drum barkers, bag barkersiand hydraulic barkers, usually do
not require any additional contro; methods_for fugiti&e emissions.

If further fugiti%e emission'adﬁtfbl is re§uired, the 1o§s could be
kept in wet sﬁorage prior toldebarking.. For sawmills which already
employ log pqn&s, the logs maj si@ply be kept in such ?onds until
they are required at the debarking operation. For those sawmills
which require addtional control aﬁd do not employ log poﬂds, a wet
storage pond could be ihstalled. LLog debarking operations whidh_tse
dry processes; such as ring and cutterhead barkers, can bé controlled
lby wet storage of the logs prior to debarking. For dry and wet
process debarking operatioﬁs ﬁhicﬁ ré@uire additibnalléoﬁtroi, or if
wet. storage is not possible, the debarking Qperation may be totally

enclosed or fixed hoods may be installed with aspiration to either a

4
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cyclone or fabric filter. However, the use of a cyclone or fabric
filter to control log debarking operations is not in use by the
iﬁdustry; although it is a tééhnically feasible cdntrél teéhnique.
in summary; for both wet and dry ?rocess debarking; £heré.is no
.typical contfol tééhnique.éurréntly uéed by the industry.for coﬂtrol
of.fugitive emiséioﬁs. .In facﬁ, the majority of such operations
employ no control teChniqué ﬁhatsoever,27

For fugitivé emissions fiom“sawin§ operations at sawmills, the
ﬁypicél cohtrdl ﬁédhnique used bf tﬁe industry is héoding with
aspiration to a cyclone. Also,:the use of a fébric'fiiter in place
of a cyclone is a technically feasible control alternative, although
it is not generaiiy used in the industry. Lastiy, the use of thinner
saw:blades will help reduce the amount of fugitive emissions generated
and will result in an economic benefit through the more efficient use
of lumber.ze. |

Fugitive emissions from sawdust pile loading, unloading and
storage may be controlled by the use of wet suppression techniques,
although this is not a typical contrel technique used by the industry.
Generally, the most typical control technique'used by the industry is
to remove the sawdust aé”ébbn as'pbssible, and thus, minimize the
Size of the sawdust stofagé pi1e.ﬁ For facilities which have wood-
fiied boiiers or a manuféctufihg proceSS which uses wood waste (i.e.,
particleboard facility), sawdust pile loading, unloading and storage
may be'partially or totally'elimiﬁated by directly blowing the sawdust
from the pneumatic transfer system to such boiler or process. For
those sawmill operations which do not have such boilers or processes
or are not able to directly blow sawdust into a boiler Or process,

the early removal of sawdust from the site should be practiced.29
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In recent years, sawmills, as well as other generators of wocd
waste, have found it easier to dispoée of the wood waste generated by
the manufactgring operati@ns. Traditiénally, wood waste from operations
employihg kiln-dried wood has had high sales wvalue, while “green"
wood waste has been essentially worthleés. At the present time,
"green" wood waste is increasingly being used for fuel in wood-fired
boilers as well.as for certain manufacturing operations (e.g., the
- production of pressed-wood pallets).

Barly remqva; qf sawdust can'bé ﬁade possible by notifying
potential users of its availability. As an examplé of the potential
- market for_such waste, one source cites the following productive
uses:

1. plastic bulking agent.for products such as piastic wood ,

masonite, etc.;

2. pressed wqods such as fi?ewqod; fiberbéard, Firtex, and

others; |

3. soil addiiives;

4, smokehdgse fuel (hggdﬁooa sawdust is burned to produce

smoke in the processing of bacon, ham, pastrami, etc.);

5. flooﬁ_sﬁee@ (saw@ust with and without oil is spread oﬁ

_fioqrs before they are swept to help hold dust particles);

6._ wqufiller (sawdust_can_be mixed with water res}ns apa

- other liquids and used as wood filler); |
7. floor cover in butcher shops, restaurants, etc.; and
8. waste heat boilers (heat can be_recoverea from incinerator

flue gases to generate steam, hot water, etc.).30
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Finally, the control techniques and precautions presented in -
Section 2.1.2 may be adaptable to sawdust storage.

As was stated earlier in this report, the sawing, planing,
sanding'and_other miscellaneous wogdworking operations are usually
performed indoors without any fugitive emissions escaping and are
controlled by pneumatic transfer systems.

Pugitive emissions from wood waste storage bin vents are often
parﬁially controlled by screens. Greater emission reduction may be

achieved if this screen is replaced with a simple unaspirated fabric

filter (cloth tube filter). Figure 2.17-3 illustrates such a system
31 |

as installed and used on a cement silo.

.Cloth Tube Filter

Elevator ———s Weigh Hopper Vent

Weigh Hopper
Canvas Tube Connection:

Cement Truck —a| l Je———— Line for Shaking Filter

Canvas Tube N
Connection N

Screw > 4
Conveyor (Ll RTIAR AR

N

Figure 2.17-3. Cement-receiving and storage system.31
For fugitive emissions from wood waste storage bin loadouts,
eﬁission reduction may be achieved by the use of telescopic tubes
during loadout from the storage bins to trucks. Telesccpic tubes
reduce the freefall distance and- thereby reduce fugitive emissions.
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Telescopic tubes used in conjunction with a canvas-~covered truck and
side curtains will provida additional control. Greater fugitive
emission control may be obtained by enclosing the loadout area as
much as possible or by using such an enclosure with ventilation to a
cyclone or fabric filtef. Generally, some type of chute is used by
the industry for such operations. However, it is usually not as
adjustable as a telescoping chute, and does allow a greater quantity
of fugitive emissions.3?

The control techniques, efficiencies and estimated costs, and

RACM selections are summarized in Table 2.17-3.

2.17-5 Recommended Reasonably Available Control Measures (RACM)

The RACM selections for woodworking operation fugitive emission
sources are presented in Table 2.17-3.

No control measure ié recdﬁmende& for log debarking. The cost
benefit of all of the control alternatives is unreasonable due
| primarily to the re;atively small amount of fugitive emissions
generated from such operations.

For those sawing operations at sawmills which emit fugitive
partlculates 1nto the ambient air, the selected control technique is
hooding with ventllatlon to a cyclone. Although the cost benefit
($2 40/1b) of this control option is high, economies of scale often
can be attained by ducting other woodworklng operatzons to this
system w1thout decreasing eff1c1encv to any 31gn1flcant degree. .
Furthermore, many sawmills currently employ such a system.

The selected control technique for sawdust pile loading, unloading
and storage at sawmills is the use of telescopic tubes to reduce the |
free fall distance of the wood waste. Several precautionary control
measures,'és identified in Section 2.1.2, are also recommended for
this source. For example, the use of wind breaks also helps to

reduce the potential for fugitive emissions.
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For the control of fugitive emissions from wood waste storage
bin vents, a non-aspirated, fabric filter is recommended. This
system is cost effective and is capable of achieving no wvisible
emissions.

The selected control technique for wood waste storage bin loadouts
is the use of telescopic tubes. This control alternative was selected

due to its low cost effectiveness.
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APPENDIX FOR SECTION 2.17
A typical sawmill and furniture manufacturlng plant. ‘has the following
production data:
Sawmill
Logs debarked: 3,400,000 bdfft/yr or_lS,SS?_tons/y:
Logs sawed: 16,320 tons/yr |
Sawdust handled: 2,493 tons/yr
Furniture Plant (Supplied by the above sawmill) '
Lumber usage: 3,000,000 bd-ft/yr or 4,500 tons/yr__

Wood waste stored: . 1,500 tons/yr
Wood waste storage bin lcoadout: 1, 500 tons/yr

() Log debarking (sawmilisf

a. Wet storage of logs prior to debarking:

Capital cost = $100,000 E ; $173,213 or =§173,000

Annual capital charges:

PV = R-PVF
i = 12%, n = 30 yrs,
173,000 = R (8.055) |
R = $21, 477 or ~$21 500
C/B = $21,477/yr 8 £$51.00
(6.024 1b ) (18,587 tons)( 55) 550 68 or =3
{ ton) { vr.)

b. Enclogures:

C/B = $2.600/yr = $5.83
{0.024 1b)(18 587 tons)(l 0) T
( ton) ( “yry

c. Hooding, vent to cyclone: 20' x 10° rectangular canopy

= 1.4 PDV {(Tech. Guidance..p. 3-16)
= 1.4 (60'){5')(200'/min)
= 84,000 acfm

acfm reguired

Cost of control device (cyclone) and auxilaries:



Cano _ _
Plate area reg'd (Fig. 4-17, Gard) = 500 sq.ft.
Assume 10 gage carbon steel, 1/4 in. plate
20% for structural supports
(500 sg.ft.)(5.625 1lb/sg.ft.)(1.2) = 3,375 1lbs.

Material cost = LG + $0.194/1b

(20') {$8/ft) + (0. 194/1b)(3 375 1bs.)
160 + 654.75

$814.75

I

Ducts (Assume 100' reqg'd)
The duct diameter necessary to keep a 4000 fpm
exhaust velocity is:.
(air Pollution Engr. Manual, P. 373)_

A = {(B4,000 cfn) (4, 000 ft/mln)

_JiA?wofto

da = _
=J(H (2D /7 = 5.2 ft.

‘Duct cost (Fig. 4-21) = §$92/ft.

(892/£¢) (100 £t) = $9,200
Elbow duct

(Fig. 4-24) $1,830
Expansion joihﬁ '

(Fig. 4-26) $3,200

Mechanical doliectgts (2)
(4" AP, @ 40,000 cfm, Fig. 4-53)

Supports
{(Fig. 4-37)

2 x ($2,900) = §5,800

Dust hoppers X
(Fig. 4-38) '
2 x (SQGO) = $1 800

Scrolls
- (Fig. 4-39) _
2 x §1,600 = $3 200

Fans

(60", Class 2, backwardly curved
4" AP, Fig. 4- 40) '
2 x ($5,800)} = $11,600

Motors
(rig. 4-41) 600 rpm
2 x ($4,000) =-$8,000



Starters
(Fig. 4-41)
2 x ($600) = $1,200

Total cost = §57,445

Capital cost:
(1) Equipment costs (control device & auxilaries) = $57,445
(2) Tax and freight @ 7% of (1) = $4,021

(3) Installation cost & hooding labor = $43,984
(Table 4-12, Fig. 4-19) '

(4) Subtotal = $105,450
(5). Engineering G_lO%_of_(4)_ = 10,545
(6) Subto£a1 (4) + (5) . = 115,995
(7) Contingencies @ 10% of (6) = 11,599
(8) Total capital costs (6) + (7) = 127,594 .
$127,594 (294.6/192.1) = 165,786

=5$166,000

Annual cost S

Mzintenance: ($0.065/cfm) (84,000 cfm)
x (249.6/204.1) = $6,677 :

Operating cost: (Fig. 4-60) - _
($1.70/hr) {2,000 hrs/yr) x
(249.6/204.1) = $4,418

Capital charges: ER
PV = R*PVF

o i=12%, n = 20 yrs.
166,000 = R-(7.469)

R = §$22,225
Total annual cost = $6,677 + 4,418
+ 22,225 = $33,320 or
g = $£33,000
$33,000/vx
C/B = T0.024 1b) (18,587 tons) (.8)
( ton) { - - yr )

$92.47 or =$92.00
d. Hooding, vent to fabric filter:
Capital cost = $250,000 (Nonmetallic Minerals, p. 3-3)

§250,000 (249.6/204.1) $305,732 or
$306,000

w il



Annual cost

Operating cost: $70,000 (249.6/204.1)
= $85,605 or =$85,600

Capital charges:
PV = R-PVF , _
n=20, i= 12%
$306,000 = R{7.469)
R = $40,969 or =$41,000

Total annual cost = $126,600
$126,600/vr .

C/B = 10,074 1b) (18,587 tons)( 55) = $286.67
( ton) ( Tyr ) :

or =$287.
Sawing (sawmills)
a. Hooding, wvent to cyclone o

" Asgsume slot hood (Flg. 3 1, Tech. Guldanca)
L=6", W= 2' .

3.7 IVX :

3.7 {(200'/min) (6') (5")

22,000 cfm

oo

Slot hood
A Plate reg'd (Fig. 4- 17 Gard) = 30 sg.ft.
(30 sg.ft.) (5.625 lb/sq ft. )(l 2) = 202.5 lbs.
Material cost LG + $0.194/1b
= 6' ($6/ft) + (0.194){(202.5)
36 + 39.3
$75.30

WH N

Duct L . :
Duct diameter necessary to keep a 4,000 fpm
exhaust veloc1ty (Alr Pollution Engr. Manual,
P. 373) . _ _
A (22,000 cfm)(4g000 ft/min)

5.55 sq.ft. '
V4-A/n
{4:5.55/7

2.66 ft.

d

'il!llllill'

(Fig. 4-21)  $50/ft (100') = §5,000

Elbow duct |
(Fig. 4-~24) $670

Expansion joint
(Fig. 4-26) $2,100




Mechanical collector

Collector inlet area = 8.3 sqg.ft.
Collector price (Fig. 4-35) = $4,000

Supgdrts

(Fig., 4-37) $2,570

Dust hoppers

Scroll '
(Fig. 4~39) $1,645
Fans '
(40", Class 2, 4" AP, Fig. 4-40)
__$2,900
Motor
(Fig. 4-41) 800 rpm $850
Starter | | o

(Fig. 4-38) $694

(Fig. 4-41) $200

Total cost = $20,704

| Capital cost:

(1)

(2)
(3)

(4)

(3}

(6)
(7)
(8)

 labor (Table 4-12, Fig.4-19)

Equipment costs (control device

Tax and Freight @ 7% of (1) =

Installation cost & hooding

R

Subtotal

Engineering @ 10% of (4)

subtotal (4) + (5)

Contingencies @ 10% of (6) '

Total capital costs

45,775 (249.6/192.1)

& auxilaires
$20,704

1,449

15,678

$37,831
3,783
$41,614
4,161
$45,775

$59,477



Annual cost

Maintenance: ($0.065/cfm) (22,200 cfm)
X (249.6/204.1) = $1,765

Operating cost: ($0.42/hr) (2,000 hr/yr)
x (249.6/192.1) = $1,091 -

Capital charges:

PV = R*PVF .
n =20 yrs, i = 12%
$59,477 = R (7.469)
R = $7,963

Total annual charges = $1,765 + 1,091
+ 7,963 = $10,819

_ _$10,819/yr_
C/B = T0.35 1b) (16,320 tons) (0.8)
{ ton) ( : yx) '

= $2.37
b. Hooding, vent to fabric filter

$100,000 (249.6/204.1)
$122,292 '

-Capital cost

cAnnual cost:

Operating cost: $21,000 (249.6/204.1) = $25,682

Capital charges:
PV = R°PVF
n=20yrs, i = 12%
$122,292 = R (7.469)
R = $16,373 '
- Total annual cost = $42,000

| $42,000
C/B = T0.35 1b) (16,320 tons) (0.99) = $7.43
: A ton) ( _ yr)

Sawdust pile loading, unloading and storage (sawmills)

a. Wet suppression
(2,493 tons) ( vr )
( ' vr ) (2,000 hrs) = 1-2° tons/hr
1.25 [(100 1lb/cu.ft. stone)/(10 1lb/cu.ft. sawdust)]
= 12.5 tons/hr

Capital cost (p. 4-9 NMI)
{($20,000) (249.6/204.1)

$24,459
$24,500

E |



Annual cost (p. 4~12 NMI)

($6,000) (249.6/204.1) = $7,338
or = §7,300
= $7,300/yr .
c/B = (1 1b) (2,493 tons) (0.5) =.$5.86
b. Enclosure

[Based on average cost of $5. l3/cu ft. x (249 6/204 1)
$6.27/cu. ft.}

Storage needed = (2,493 tons){ vr )
( yr } (12 mo.)
= 207.8 tons/mo. '
Assume 1 month storage capacity needed
Capital cost '
Storage capac1ty needed =
(207.8 tons) (2,000 lbs/ton)(cu ft./10 1bs)
= 41,560 cu.ft.
(41,560 cu.ft.)($6.27/cu.ft.) = .$260,581

Annual cost
PV = R+PVF
_ n = 20 yrs, i = 12%
$260,581 = R+ (7.469)

= $34,888 -
$34,888/yr _
C/B = T1 1b)(2,493 tons) (1) $13.93
c. Telescopic tubes (Fug. Emissions from Integrated Iron

& Steel, p. 6-6)

Capital cost
$7,000 (249.6/204.1) = $8,561 .
Annual cost . A
Capital charges only
PV = R*PVF
n =20 yrs, i = 12%
8,561 = R (7.469)

R = $1,146
$1,146/yr _
C/B = 1T IB) (5,493 tons) (0,757 = $0-61
( tonm){ - ~ yr)

Wood waste storage bin vent
a. Fabric filter (non-aspirated)

Capital cost
$5,000




Annual cost
Capital charges only
PV = R<PVF -

12%

n =20 vrs, i =
5,000 = R (7.469)
= $670
e $670/yr o
C/B = ~TT"IB) (1,500 tons)(0.99) = $0.45
( ton) ( Tyr)
Wood waste storage bin loadout
a. Telescopic chutes (same as 3)
b. Enclosure (3-sided)
_ . $6,100/yr . |
C/B = 77 1p) (1,500 tons)(0.6) =~ °3-39
( ton) ( T yr)

c, Enclosure, vent to cyclone
Assume a comparable system to hoodlng, vent to
cyclone for sawing at sawmills is adaptable to
this area. '

Capltal cost
$59,500 + 27,700 (for 3- 51ded enclosure)
= $87,200

‘Annual cost o
$10,900 + 6,100 = 517,000

$17,000. |
C/B = {3 1b) (1,500 tons)(0.8) ~ +/-08
( ton) ( vr)

d. Enclosure, vent to fabric. fllter
Assume a comparable system to hoodlng, vent to
fabric filter for sawing at sawmills is adaptable

to this area.

Capital cost
$122,000 + 27,700
= $149,700

Annual cost
$42,000 + 6,100
= £48,100

$48,100
C/B = T2715) (1,500 tons) (0.99)
( ton)( yr)

= $16.20




2.18 AGGREGATE PROCESSING PLANTS

2.18.1 Process Degeription

This category presents a study of the fugitive dust emissions
from sources at aggregate processing plants.

Aggregate processing plants produce a product consisting of
rock or slag particles which are usually graded into specific size
ranges. Aggregate may be obtained from gravel or carbahate fock
deposits, or slag. It is used extensively as a base material for
roadways and as an ingredient for the manufacture of portland
cement concrete, and asphaltic concrete. It is also used in
agriculture, glass manufacturing, metal refining, fireproofing and
waste treatment.l

Ohio basically has three major sources of aggregate. These
are 1) sand and gravel, 2) crushed stone, and 3) blast-furnace and
~gteel furnace slag.l

Sand and gravel deposits are found extensively throughout the .
State with some production of the materials occurring in at least
68 counties. They basically occur in unconsoclidated natural
sedimentary deposits consisting of various sizes of stone particles.
Sand is defined as any aggregate which will pass through a No. 4.
sieve, while gravel is any rock particles or pebbles which are
retained on a No. 4 sieve. The sand and gravel production in Ohio
in 1977 was approximately 40 million tons with 22 million tons of

that figure being gravel production.l?2
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Crushed stone products in Ohio consist of limestone and dolomite.
These minerals are essentially hard rocks that occur in beds or
strata, and which generally require drilling and blasting in order to
shatter the deposit into fragments small enough to be processed,l
The crushed stone production in Ohioc in 1977 was approximatelﬁ 44
‘million tons.3

Slag is a nonmetallic byproduct of metallurigal operations,
consisting of silicates and.aluminosilicatgs.of lime and other
bases. It is produced simultaneously with iron in a blast furnace.

It is also produced simultaneously with steel in open hearth, baéic
oxygen or electric arc furnaces. Slag is used as a substitute for
aggregate produéed from :t'xan:u:ra.-.'].--depr.)s:i.'t:sa:-.--l

- This study is concerned only with the fugitive dust emission
sources at aggregate processing plants and not the mining or gquarrying
operations. For information on fugitive dus: emission from mineral
extraction operations, tha:reaaer igs referred to Section 2.1.4. of
this document.

As used in this study, an aggregate processing plant is a .
production facility where aggregate is crushed, pulverized, screened
and classified into a variety of products. The specific processes
employed by an aggregate processing plant de?end on the type of
aggregate and the customer's specifications on size and the amount of
impurities. Process flow diagrams for sand and gravel, crushed stone
and slag proéessing plants are illustrated in Figures 2.18~1 thru’

2.18~3, respectively. The following narrative discusses each process

in detail.
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Sand and gravel deposits are either dredged or quarried depending
on the location of the deposit. The material is extracted by power
shovels, draglines, cableways or suction dredge pumps. It is then
usually transferred to the processing plant through the use of
suction pumps, earth movers, barges, trucks or conveyors.4

At the processing plant, the material may undergo a variety of
process operations depending on the purpose of the plant and the
type of material being processed. The operations at a typical sand
énd gravel processing plant may include primary and secon&ary crushing,
screening, conveying, washing, and heavy media cleaning in addition
'to the unloading and loading activities and the open and énclosed
storage of processed and partially processed materials. 'Generally,
sand and gravel operations tend to differ significantly from other
typés of mineral processing plants in that less processing equiﬁmént
is used and the raw material and processed material are géneraliy
wet;"Consequently these operations emit less fugitive dust than
from'comparable crushed stone and slag processing plaﬁts.

. S8and and gfavel-operations_typically produce a widé.spectrum of
produéts rangiﬁg from variousdgizes of sand and gravel to crushed
gravei producté;f i B _ |

Typical operations at a cruéhed stone proceésihg plant may
include primary; secondary, and tértiary crushing,.screening,_conveying
washing, unloading and loading activities, and dpen and enclosed
storége of processed and partially processed aggtegates. These
oper&tions produce a variety of crushed stone products ranging in

size from quarry stone to the pulverized stone used for agricultural

lime.

2-363



Lastly, typical opefationé at slag processing plants begin with
the unloading of hot slag into slag pits from railroad cars. The
slag is then either air-cooled or cooled with water sprays or by
immersion in water. After cooling, the slag is excavated and hauled
to an unloading area. Subseguent processing operations may include
primary and secondary crushing, screening, conveying, iron removal,
loading, and open and enclosed storage of processed and partially -
processed material. Drying of slag may also be performed; however,

- such processing is rarely performed.

These operations may also produce a variety of slag products as
--shown in Figure 2.18-3. The air-cooled slag product is produced from
molten slag that has been alloﬁéd to solidify under atmospheric.
conditions. Expanded slag product is produced from molten slag which
has been treated with controlled guantities of water in order to
speed solidification and increase the cellular structure. This fype
of slag is consequently a light-weight product. Granulated slag is
produced from molten slag which has been quickly quenched in water so
as to produce a glassy, granular, sand-size product. Agricultural
‘slag is simply granulated slag which has been finely pulverized for
use as a soil neutralizer.l

'Although there is a variety of operations at aggregate processing
plants, each differing in equipment and process employed, a general
process description can be giVen which covers all three types of
plants. The process description begins with unloading.

Generally, unldading operations consist of truck dumping into a
hoppered feeder which subsequently feeds into a primary crusher. The
crushed material and the grizzly troughs are then-transported via |
‘belt conveyor to either a surge pile or silo for temporary storage.s
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The crushed material in the surge pile is usually removed by use
of a series of vibrating feeders under the surge pile. These feeders
distribute the material onto a belt conveyor which moves the material
to a scalping screen. At the scalping screen, the material is
segregated‘into three fractions: oversize, undersize and troughs.

The oversize material is fed into a secondary crusher in order to
obtain furthexr size reduction. The undersize material is discharged

to storage since it needs no further processing. The troughs (unwanted
-fines and screenings) are removed from the process and are stockpiled
as crusher—-run material (total unscreened product of a stone crusher) .1+

The discharge from the secondary crushers (usually 1 inch or
less in size) is conveyed to a secondary screen for sizing. The-
oversize material from this screen is conveyed or discharged directly
to a tertiary crusher (if required). (The crushed material from the
tertiary crusher is usually routed back to the secondary screen for
sizing.) The undersize material from the secondary screens goes
directly to the finish screens. The trough material from the secondary
screens is also conveyed to the finish screens. The subsequent
“products are gravity fed to finish-product storage bins or are stockpiled
in open storage pileé by using conveyors  or trucks.’

Some product specifications, such as for concrete aggregate,
require washing of the material. This is generally performed after
the aggregate has been initially crushed in the primary crusher.

“Washing is performed by dropping the material onto fine mesh screens,

onto which a heavy water spray is directed.
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The finished product at an aggregate processing plant is stored
either in open piles or in storage bins. Loading from open storage
piles is generally accomplished through the use of front-end loaders.
Loadiné from elevated silos is performed by gravity dumping into
open-bed trucks.

As previously mentioned, there is considerable variety in the
type of eguipment used in aggregate processing. With respect to
crushing eguipment, there are four types of crushers used in the
industry: jaw, gyratory, roll and impact crushers.8

Jaw crushers are géhefally-used_by the industry for primary
crushing. The most commonly ﬁsed jaw;crﬁsher is the Blake or double-
toggle type which 1is illustratéd_in Figure 2.18~4, The lesser-used
single-toggle jaw crusher is shown iéfFigure 2.18-5. The aggregate
in these crushers is subjected toﬁcruéhing by compression against a

fixed jaw.lo

- MOVEABLE JAW
FEED \
\

FIXED JMd —]__ § A\ ECCENTRIC

PITMAN ARM

N | B

DISCHARG | TOGGLES

Figure 2.18-4. Double-toggle jaw crusher.9
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Figure 2.18-5 Single-toggle jaw crusher.

Gyratory crushers are commonly émployed for secondary and tertiary
crushing. This type of cruéheruié similar to a  jaw crusher, except
that circular jéﬁs are ﬁsgd_té-c:ush the_materiél; The three basic
types Qf_gyratq:y c;ughefs éré.ﬁivoted—spindle;ffixed~spindle and
cone. The fixed-séindle_and pivoted—spindig cfhshers are used for
primary and secondary_c:ﬁsﬁiﬁg, wbiié.themc;he’crushers are the most
commonly used crushers fbr”sécondary aﬁd.tértiary crushing. The

pivoted-spindle and cone gyﬁétdfy crushers are illustrated in Figures

2.18-6 and 2.18-7, respectively.ll
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_Figure 2.18-6. Pivoted-spindle gyratory crusher. 12
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Figure 2.18-7. Cone gyratory crusher.12

2-368



Single-roll and double-roll crushers consist of one or two rotating
rolls which crush the material by compression. Crushing is accomplished
in a singlemroli crusher by_the action of a single rotating roll upon
a fixed crushing plate. In the doﬁble—roll crusher, crushing is
performed by two pgrallel rélls wﬁich rotate toward each other.
Single-roll and double-roll g?ushers are uséd primarily at intermediate
or final size reductiép stages'énd frequently at portable plants.

The single~roll crusher is primarily used for crushing soft materiéls
such as limestone, while doubie;roll crushers are used for hard
materials;' §5sing1é-roil and doubié-roll crusher are illustrated in
Figures 2.18-8 and 2.léu9, reSpectively.13

Other crushing eguipment commonly used in aggregate processing
are‘impact crushers. These crushers include hammermills and impactors
(Figures 2.18-10 and 2.18-11). An-impact crusher uses fast, rotating
impellers or hammers to shatter the falling aggregate. Due to the
high size reduction capabilities of those units, they are primarily
used where it is desirable to have a wider range of particle sizes

and a larger proportion of fines, such as for agricultural aggregate,15

',3f FEEB"f3;
TOOTH . \ k

———— CRUSHING

ey PLATE
m“
DISCHARGE
14

Figure 2.18-8. Single-~roll crusher.
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1\ \J

N ADJUSTABLE

Figure 2.18-9. Double-roll cru_sher.l4

Because impact crushers génerate a large quantity of fine particles
and impart high velocities to the particles as a result of the whirling
hammers, fugitive dust emissions are usually much greater from the

impact crushers than other types of crushers.17
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Figure 2.18-10. Hammermill crusher.1®
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Figure 2.18~11. Impact crusher, 16

In contract to impact crushers, the fugitive dust emissions from
jaw, gyratory, cone and roll crushers ére dependent primarily on the
degree of size reduction for thch thé? aré used.l7

With respect to screening equipment, ﬁhefe are four basic types
used in the aggregaﬁgsproggssing;inéﬁstry,i;These are grizzlies,
shaking screens, vibrating;écreégs'aﬁdjréﬁéifing screens. 18 '

Grizzlies consist ofiéevéyal uniformlf spaced horizontal or
inclined bars which are Widéf on'tﬁéftoé surface than the bottom
surface to prevent clogging. They are primarily used to remove fines
before primary crushing. There are three types of ¢grizzlies which
are used by the industry. These are stationary, cantilevered (one
end fixed and the discharge end vibrated), and mechanically vibrating

types. A vibrating grizzly is illustrated in Figure 2.18-12.18
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Shaking screens consist of a rectangular frame with perforated

plate or wire cloth as a screening medium. These screens are mechani-

éally'shakéﬁ to assist sepéréﬁion. They are primarily used for

screenihg coarse material (1/2 inch orllarger).lg

20

Figure 2.18-13. Vibrating screen.
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The mest commonly used type of screen in the aggregate processing
iﬁdustry ig the vibrating screen.r It consists of an inclined, flat
or slightly convex screening surface which is.rapidly vibrated in a
plane normal to the screening surface. This type of screen may have
from one to three screening deCke. A vibrating screen is shown in
Figure 2.18-13. 21

A revolving screen con51sts of an lncllned cylindrical frame
which is wrapped with a- screenlng surface of wire cloth or perforated
plate. The materlal is fed into the top of the frame as the screen
is being rotated.m The under51ze material passes through the screen,
and the overeiie'materlal is discharged out the other end. 22

An aggregate processing plant also employs a number of material
handling devices. The most commonly used devices include feeders,
belt conveyors, bucket elevators and screw conveyors.23

Feeders are used to discharge material at & uniform rate into
processing egquipment such as crushers. There are five basic types
which are used-by'phe indust:y: aéfon, belt, reciprocating;plate,
vibrating and wobbler.23;{“.ﬂ

Apron feeders consist of overlapplng metal pans or aprons which

are hinged together by chains to form a conveyor that is supported by

rollers.23

Belt feeders are simply short'ceﬁQeyef belts with roller supports,
where the material feed rate is.eentielled by adjustable gates.?3

Reciprocating-plate feederslcbheiet of a horizontal plate which
is driven in a oscillating motion that causes the maeerial to move
forward., The material feed rate is controlled by adjusting the

frequency and length of the oscillating motion.24
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Vibrating feeders are similar to reciprocating-plate feeders,
except that the feed rate is controlled by the slope of the feeder bed
and the amplitude of the vibration.2¢

Wobbler feeders consist of a series of closely spaced elliptical -
bars that are mechanically rotated, thereby causing the oversize
material to tumble to the discharge end of the feeders and the
undersize material to pass through the bed spaces. The material feed
rate in this type of unit is controlled by the bar spacing and the speed
of the rotating bars.?*

The most commonly used method of material handling is the belt
conveyor. A belt cohfeyor consists of an:endlesgbelt that is éupported
by a series of idlers which are angled such that the belt forms a trough.
The belt is stretched over a drive pulley at one end and a tail pulley at
the other. A belt conveyer system Which is used to traﬁsport material

to another conveyor is illustrated in Figure 2.18-14.25

TAIL -
PULLEY

Figure 2.18~14, Belt conveyor transfer pc::i.nt.26
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Another means of elevating material is through the use of
bucket elevatbrs. These elevators consist of buckets attached to a
single~or double-strand chain or belt which is driven by a head~and-
foot assembly. The three most common types of bucket elevators are
high-speed centrifugal-discharge, slow-speed positive- or perfect-
discharge and continuous discharge. These are depicted in Figure

2 ' 1.8"15- 27

LEGEND

(a) centrifugal discharge
{b) .positive discharge
{c) continuous discharge

Figure 2.18«15. Types of bucket elevators.28
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The centrifugal discharge elevator consists of evenly spaced
buckets on é single-strand chain or belt. As the buckets round the tail
pulley, they scoop material and elevate it to the discharge point at the
head pulley. The material is discharged from the bucket by the

centrifugal force of the bucket rounding the head pulley.?”

The positive~-discharge elevator is similar to the éentrifugai-
discharge eélevator, except that it has a aouble—strahé chain ané a
sprocket set below the head pulley; .Thése aaééd devices bend the
stiaﬁdé céusinq the buckets £o be totally inverted and resulting in
a'positive discharge.29 | | | |

The continuous-discharge elevator uses closely spaced buckets
attached to eithe? a single- or double-strand belt or chain. The
buckets are loaded directly during ascent and are discharged by
gravity free fall. The back of each preceding bucket is used as a
discharge chute.??

Lastly, screw conveyors are alsco used for material handling and

| elevating. They consist of a steel shaft with'a helical fin that
pu#hes material along the trough when the shaft is rotated.?2?

Heavy media‘cleaning equipment is infrequently'used at aggregate
processing plants. Generally only a few sand and gravel plants
employ heavy media cleaning eguipment. For a description of this
type of equipment, see Section.2.19fl.

Figures 2.18-1 through 2.18-3 also identify the sources of
fugitive dust emissions. Those sources are 1) raw material unlo;ding,
2) primary, 3) secondary and 4) tertiary crushing and screening, 5)
recrushing and screening, 6) screening, conveying, and handling, 7)

oﬁen storage and 8) finished product loading. Inplant haul roads and

vehicle movement around open storage piles are also significant
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sources of fugitive dust emissions. These sources are discussed in
detail in Section 2.1.1 and, consequently, will not be discussed in
this section. Also, for further information with respect to agéregate
storage piles, material handling and mineral extraction at aggregé£e 
processing plants, the reader may want to refer to Sections 2.1.2
through 2.1.4. |

2.18.2 Fugitive Dust Emission Factors

The estimated emission factors for aggregate processing plant
fugltlve dust sources, as identified in Section 2.18.1, are summar;zed
in Table 2. 18-1. The emission factor rellablllty ratlngs 1nd1cate
that these engineering estimates are applicable only to a group of
such sources and are of questionable'accuracy for site-specific
estimates.

The quantification of fugitive dust emissions from aggregatée
processing plants is extremely difficult due to the variety of
factors that may affect the emissions. Such factors include thé
moisture.content_of the raw material, the type of raw material
processed, the type of equipment used and the operating practices
employed.3°

The moisture content of the raw mataxial may vary from zero to
several percent dependlnq upon the geographic and cllmatlc condltlons.
The degree of wetness in the raw materlal w;ll have a 51gn1flcant
affect on the initial processing operations. The surface wetness
will cause fine particles to adhere to the larger pieces éf aggregaté}
thereby reducing the potential for fugitive dust emissions. Thus,-
surface wetness is an important factor in minimizing the fugiﬁive
dust emissions from primary crushing and the‘operaticﬁs preceding
primary crushing. In subsequent operations, such as secondary
crushing, attrition and moisture evaporation result in more surface
area being exposed. Thus, the previous dust suppression effects
resulting from surface moisture diminish ané may become insignificant,31
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TABLE 2.18-1.

FUGITIVE DUST EMISSION FACTORS

FOR AGGREGATE‘PROCESSING PLANTS

T ettty e ottt

e ———— e ———

st
O

2~378

C e Reliability
Source Emission factor rating Reference
Unioading (truck)
Sand & gravel 0.02 1b/ton unloaded E 33
Crushed stone 0.04 1b/ton unloaded E 33
Slag 0.02 1b/ton unloaded E 33
(::) Primary crushing
. & screening o
Sand & gravel 0.1 1b/ton crushed? NA - 34
Crushed stone 0.5 1b/ton crushed? c 35
$1ag 0.5 1b/ton crushedP E 35
Secondary crushing
& screening e
Sand & gravel D.1 1b/ton crushed?® NA 34
Crushed stone 1.5 ‘1bs/ton crushed® . 35
Slag 1.5 Tbs/ton crushed? E 35
(::>'Tertiary crushing
& screening
Crushed stone 6.0 1bs/ton crushedb SC .35
Recrushing &
 rescreening : - -
Crushed stone 1.0 1bs/ton crushed® c 35
(::) Screening, con-
veying, &
handling
Sand & gravel 0.3 1b/ton handled E 36
Crushed stone 2.0 1bs/ton storedd c 35
Slag 2.0 1bs/ton storedd E 35
Storage piles®
Loading onto piles
Sand & gravel 0.0012 1b/ton loaded E 37
Crushed stone 0.0014 1b/ton loaded E 37
Slag 0.0058 1b/ton loaded E 37
Loading out . .
Sand & Gravel 0.0023 1b/ton loaded E 37
Crushed stone 0.0029 1b/ton loaded E 37
Slag 0.012 1b/ton Toaded E 37
Wind erosion
Sand & gravel 0.47 1b/ton stored E 37
Crushed stone 0.093 1b/ton stored E 37
Stag 0.074 1b/ton stored £ 37
Vehicular traffic
Sand & gravel 0.064 1b/ton stored E 37
Crushed stone 0.032 1b/ton stored E 37
Slag 0.13 1b/ton stored E 37



Continued

TABLE 2.18-1. FUGITIVE DUST EMISSION FACTORS
FOR AGGREGATE PROCESSING PLANTS

I ': “Reliability
Source Emission factor rating Reference
e Loading (truck) .
Sand & gravel 0.02 1b/ton loaded E 33
Crushed stone 0.04 1b/ton loaded E 33
Slag 0.02 1b/ton loaded E 33

———— ——
AL — armnm

NA = Not available.

8 Emission-factor represents total emissions from primary and secondary crushing

and screening.

b Based on raw material entering primary crusher.

€ Based on an assumption of 20 percent of the pr1mary crusher throughput undergoxng

recrushing and rescreening.
d Based on units of stored product.

e Assuming SCS SS 23 Ssg = 109

05—60 dCS=dS -‘d5-225 KCS“QZS ng
uU=10, f= 26, and substituting these values into the eguations. pgesented in

Section 2.1.2.

= 2, Mgg = 5, Mg =
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The type ©of raw material prccessed is also a sxgnlflcant factor
in the degree of fugltlve dust emissions from aggregate proce351ng
gources. The extent of dust emisgsions appears to be related to the
softness or hardness of the raw material itself. .Soft aggregetes
p;edpee a larger amount of ecreeninge than do hard aggregates'due to
their greater friability. ”As a reeult, the Pfocessing of softer
agg;egates tend to produce more fugitive.dust emissions. For eiaﬁpie,
the major rock types and their degree of hardnees in orderkef increasing
hardness is as follows: limestone and doiomite, sendetone, grahite,
trap rock, quartzite and quartz. Thus, one would expect'mere fugitive
dust em1551ons from the processmng of llmestOne than quartz 32

The type of equlpment and operatlng practlces used are also
51gn1f1cant factors which affect the extent of fugltlve dust emissions.
The type of equipment used is generally dependent a number of factors
1ncludlng the type of quarry, the material pr0cessed and the final
product desired. The extent of fugltlve dust EMlSSlOHS from processxng
equipment is generally dependent on the size distribution of the
processed materlal and the velocity mmparted to the mater1al.32

Slnce the above«mentloned factors may smgnlflcantly affect the
uncontrolled fugitive dust emissions, they also therefore, may
directly affect the reliability of the selected emission factors
presented in Table 2.18-1. | |

The emission factors.fo: unldading operations (truck dumping)
were taken from the publishea USEPA emission factor (0.04 lb/ton) -
for truck dumping of aggregate. However, for sand and gravel and
slag unloading operations, a value of half the above factor was used
due to the larger size of the broken slag being dumped and also due
to the higher moisture content of the sand and gravel and the water

guenched slag. This 50 percent reduction in the emission factor
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was based on the estimated control efficiency for watering, which
was assumed to be comparable to the effects of higher moisture
content and‘larger aggregate size. As a result of these estlmatlons,
the reliability of these emission factors is con51dered poor.33' |

The emiseiOn factors for primary, secondary and tertiary crushing
and screening, and recrushing and rescreening were taken from published
USEPA emission factors for sand and gravel proce851ng,34 and stone
quarrylng and proce551ng.35 Since comparable processes and equlpment
are:found at crushed stone and slag processmng plants, and because
there is a_similarity in visible emissions, the emission factors for
stone processing were also ﬁsed for slag processing operations; The
reliability of the emission factor for sand and gravel processihg is
‘not known,_ An average rellablllty was reported for the emission
factors: for the above operatlons at stone proce551ng plants. Slnce
the emission factors for slag processing were,based on only engineering
judgment and visual observations, those factors should be considered
of poor reliability. | |

For screenlng, conveying, and handling of aggregate, the emassmon
factor for sand and gravel oPeratlons was based on a reported value
for transfer and conveylng of sand. The reported reliability of
this emlsSLOn factor was poor 36 The emission factor for crushed
stone was taken from publlshed USEPA data. This factor was rated as
an average relmab111ty.35 The emission factor for crushed stone was
used for slag operations due to the 51m11ar1ty of the materlals and
equipment used. Because of this assumption, the rellablllty ‘rating

for the slag operatlons was llsted as poor,
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The emission factors for open storage pile activities are divided
into four.sources of fugitive dust: 1oéding onto piies {continuous
load-in), loading out, wind erosion, and vehicular traffic. These
factors were obtained by using the empirical eguations presented in-
Table 2.1.2-5 of this study and the assumed input variab;es presented
in footnote (e} of Table 2.18-1. Since the assumed input variables
ére estiﬁaﬁéé bésed on enéineeriﬁg ju&gmeﬁt, and ﬁhé'défiviéﬁion;
accuracy, and limitations of the éguations were not available, the
emission factors presented should be considered of poor réliabilitYQ37

The emission factors presented for the loading activities are
those identified for truck unioading, This is a very conservative
estimate of the uncontrolled fugitive dust emission generated by
loading, since the material loaded is generally drier and finer that
which is unloaded. No emission factors were found in the literature
for truck loading per se. Again, these factors should bé considered
as of a poor reliability.’

Emission factors for haul roads are not presented in this section.

The reader should refer to Section 2.1.1. |

2.18.3 Particle Characteristics

There is limited data on general particle characteristics of
fugitive dust emissions from aggregate processing plants.

One source does report that fugitive dust emissions from limestone
storage, handling and transfer typically have a mean particle diameter
of 3 to 6 um, 45 to 70 percent of which are less than 5 ym,38

Other sources have reported information on particle size distribution

from stack emissions from hammermills, screening operations and a
bagging house. This data should give an indication of the particle
gize distribution from similar fugitive dust sources at aggregate

processing plants. The data is as follows:>2r40
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Operation _ Particle size distribution

Hammermill (ciushex} 30% < 3 um, 47% < 5 um, 60% < 10 um
74% < 20 um, B6% < 40 um

Screening _ ~46% < 3 uym, 72% < 5 pym, 85% < 10 um
95.8% < 20 um, 98.8% < 40 um

"Bagging house 71% < 5 ym, 87.3% < 10 um
26% < 20 um, '98.8% < 40 pnm

No cther data is available concerning particle characteristics
from the fugitive dust sources at aggregate processing plants.
The American Conference of Governmental Industrial Hygientists
has identified limestone particles as nontoxic nuisance particulates
if other toxic impurities are not present.41 “However, data on ofher
toxic materials that may be associated with limestone were not available.
Exposure to fugitive dust emissions from sand and gravel operations
may be harmful to human health depending on the amount of silica
{8i0,) present in the dust and the length of exposure. Inhalation
of silica dust over extended periods of time has been known to cause
a respiratory ailment known as silicosis. Silicosis is a chronic
lung disease characterized by diffuse_fibrosis._
More frequently, fugitive dust emissions from aggregate processing
plants result in the creation of nuisance conditions, rather than
causing . any significant health problems.

-2.18.4 Control Methods

A summary of the control methods available for sources of fugitive
. dust emissions from aggregate. processing plants is presented in Table
2.18-2, along with their control efficiencies and costs. This section
will discuss each of these control methods.
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In gene;al, there are two basic{ operationally proven methods of
controlling dust emissions from process equipment at aggregate pro¢éssing
plants. These include the use of wet sprays, preferably containing a
surface active ingredient or wetting agent that reduces water su:faée
tension, and the use of hoods, ductwork, and fabric filters,_ Many
existing operations use a combination of these two techniques, where
wet suppression is used in the early process stages (larger-sized
aggregate) and a dry captive system is used in the latter process
stages (smaller-sized aggergate),42

A wet suppression system may be used to control fugitive dﬁst
emissions from all of the sources identified in this study.. The
application of water, with or without chemical wetting agéﬁts, is
accomplished by use of sprav bars and nozzles which:are_is¢éted at
the critical dust producing points such as transfef ﬁoiﬂts and screening
areas. Generally, the addition of a chemical wettiﬁg agent to the
watér is necessary, especially in the iﬁtermediétésand final processing
"giagés, because the addition of water alone_cén result in excessive
moisture being added to the égéregate. This"éxcessive moisture may
:cause thé_blinding of:écreeniﬁg équipment aﬁd/or the inability to
achiéve produét specifications. The addition of a chemical wetting
agent drastically reduces the water needed (about 4 to 1) for effective
dust suppressicen. It has'been'reported that 75 to Bswpercent of all
crushed stone plants could use a wet suppression system. The other
plants, because of stone type and product size, cannot solely use wet
suppression and must rely on either dry collection systems or a
combination system of dry collection and wet suppression.43 Recent
technological innovations, however, have produced an electrostatic
spray system and a foaming agent spray system which may be used in

lieu of certain dry collection systens.
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The type, number, and location of application points, as well as
the amount of water and wetting agent used are dependent on a number
of factors which include aggregate size, production rate and equipment
" accessibility. Generally, the amount of water/wetting agent applied
by a complete wet sﬂppreséion system is about 1.5 gallons per ton of
aggregate production. Without the use of chemical agents, the necessary

water application rate could well be three or four times higher. %4

TERTIARY
CRUSHER

‘\\~“

INCOMING. WATER LINE

= DUST CONTROL AGENT
PROPORTIONER

Figure 2.18-16. Wet dust-suppression system.%>
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At a typical aggregate processing plant, water/wetting agent
spray application points are usually applied at truck unloading, at
the entrance and exits of the crushers, at material transfer points
such ag belt conveyor transfer points (Figure 2.18-14}, at the underfeed
from surge piles to belt conveyors, and at the belt conveyor loadouts
to open storage piles. Figure 2.18-16 illustrates the design of a
typical wet suppression system at a crushed stone plant. Pigure
2.18-17 depicts a typical spray system'applied at the discharge point
from a crusher to a belt conveyor.

A wet.eﬁppression gystem reduces the emission of fugitive dust
particles by 1) causing the smaller particles *to égglomerate, 2)
causing the smaller particles to adhere-to large pieces of aggregate
and 3) 1ncreasxng the density of bartlcles. The use of a wetting
agent (surfactant) alds this dust suppre351on effect by reduc1ng the
surface tens;qn of water, and, thereby, allowing more particle surface
area to become wet.

It has also 5een repofted that wet suppression systems using
foams instead of wetting agents have been effective in centrolling
fugitive dust emissions at several mining and process;ng operations.
However, llttle experlmental data across a range of aggregate processing

1ndustr1es is available. Therefore, the effectlveness of this technigue

is not fully known. 47

The Ffuglitive dust emissioes generafed at crushers, screens,
conveyor transfer points, and bins may also be controlled by capturing
and venting such emissions to a collection device such as a fabric
filter {(most commonlyrused device). Wet scrubbers may alsc be used;
however, they are seldom employed at aggregate proceesing plants.

The above sources may be controlled by using one centrally located
fabric filter or by several strategically located Fabric filters.
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Figure 2.18-17. Wet dust-suppression application
at a crusher discharge point.
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In order for effective control by fabric filters, an adequate capture
system_must be designed for each cof the above dust souices. For
exampié;:the design of a hood enclosure for a matefial:t:ansﬁer_point
is dependent on the free~fall distance involved. Figﬁfe 2.18-18 and
Figure 2118-19 show an effective hood configufaﬁiqn for“freeffal;

distances of less than or greater than 3 feet,

EXHAUST TO
'CONTROL DEVICE
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Figure 2.18-18., Hood configuration for a transfer point
having a free-fall distance less than 3 feet.
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Figure 2.18~19. Hood configuration for a transfer
point having a free-fall distance greater than 3 feet.

49

In instances where water availability is not a problem and where
fine-sized products that aggomerlate are being produced (crushing and
screeningoﬁerations on 1/4 inch particles) a combination system
consisting of wet suppression and fabric filtration is often used.

In such systemé {see Figure 2.18*20), wet suppression is generally

used at the primary proce551ng portlons of the process, i.e., the

primary crushlng and screening operatlons, reclaim feeders and conveyor
transfer p01nts._ The processing operations following these activities,
such as secondary_and tertiary c:ﬁshers, screens and recirculating
conveyors, are gontrblled_by a baghouééicollectoro The combination
systems genexally:have-hiéher'éhhuélized:qosts than a full wet suppression
system, but less than a complete dry systém assuming water is readily
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available. .If wéter must bé transported inté a plént via truck, the
addéé cost of haﬁiing musﬁ'be'coﬁsidéred.. In a combination system,
since the wet suépfession system is only used at a ﬁortion of the
plant, the water ﬁse will be only aboﬁtléo éércenﬁ of tﬁé.use.for a

total wet suppression system.so

Therefore,'the combination system réprééenté a practicailalternative
to a fully dry collection system due to l)'less capitailc65t, 2) less
water usage, and 3) the elimination of screen clogging when finer

material is being proéessed.SO

BAG
TRUCK DUMP _“l’- o COLLECTOR
AND FEEDER
== SUPPRESSION
PRIMARY I g COLLECTION
CRUSHER  SECONDARY R
CRUSHER

SCREEN

BIN AND TRUCK & =3y
LOADING STATION 3 \
= Nl STORAGE
O] Y7 eue
' ' £ TERTIARY
CRUSHER

Figure 2.18-20. A combination control system consisting
of wet suppression and dry collection.
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Another dust control technique for aggregate processing activities
which has been recently developed is electrostatic spray systems.
Very little data is available on their actual éerformance. In fact,
one source indicated that there is no known electrostatic spray “
system that has beeﬁﬁdemonstrated to be effective in an outside
environment at an aggregate processing plant. The mosﬁ promising
feature of this‘control measure is that iﬁ shows promise for use in
applications where very fine dusts are emittéa and where use of
water, as in wet dust suppression systems, is technlcally 1nfeasxble.
According to the limited knowledge of the pr1nc1ples behind thls new
technique, in general, particles below 8 microns in diameter tend to
be negatively charged while larger particles tend to have positivé
charges or to be uncharged. This technique uses an appropriately
charged water fog to attract the oppositely charged particulates.
Contact is made between the fog droplets and the particulates.

The wetted particulatéérsﬁhééquently agglomerate:éﬁd settle out
of the air. The equipment used may.merely consist of a modified
commericél éleétrostatic paint spray gun that uses compressed air to
atomize ihe &éter into fog droplets. The fog.droplets may be formed
uncharged or with positive-or negative'charges'as.is desired.s1

In comparison to a_domparabie wet éuppression syétem using 450
gallons.of waﬁer per hour for a plant-production iate.of 300 tons per
. hour, the water usage rate for an electrostatlc spray system is 9.5
gallons/hr. Thus, the water usage is: drastlcally reduced with an

- electrostatic spray system.52
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Therefore, electrostatic séray systems should be considered for
further experimentation on small (< 10 microns) dust particles
generated, for example, by tertiary crushing where wet suppression
technigues cannot be used due to product specifications or moisture
content. Also, it could be used in advance of a contrel device such
as a wet scrubber in order to improve efficiency and reduce energy
requirements.sz |

,Fugitive dust emissions may be significant from conveyor and
transfer points. The control alternatives for conveyor emissions
include wet suppressioﬁ and. enclosure of the conveyor.

Fugitive dust emissions from aggregate storage piles originate
from four sources: 1) loading onto pile, 2) loading out, 3) wind
erosion and 4) vehicular traffic.

For fugitive dust emissions from loading onto storage piles from
belt conveyors, wet suppression and minimizing the free-fall distance
are effective methods of. control.. For loading onto finished product
storage piles, the use of wet suppression sprays at the conveyor drop
poiﬁts may not be necessary if sufficient dust suppressant has been
applied in the previous stages of processing. However, if excessive
visible emissions are noted during loading onto storage piles, the
source may be controlled by either increasing the application rate of
dust suppressant at the prior application points, or by installing a
separate spray system at the conveyor drop point.

Minimizing free-~fall distances from loading onto piles may be

accomplished through the use of stone ladders, telescopic chutes and

hinged-boom stacker conveyors.
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Loading out from storage piles alsc may create fugitive dust
emissions. Generally, loading out at aggregate processing plants is
performed by the use of a frontwend loader or by an under pile,
gravity-feed conveyor system (usually for surge storage piles only).
Control methods for this fugitive dust source may consist of wet
suppression, which keeps the stored material-wet, and the use of an
under pile, gravity-feed conveyor systém {(in place of loading with a
front-end loader).

For control of fugitive dust emissions due to wind erosion of
storage piles, wet suppression, watering, and enclosure of the pile
are the generally available control options. Foi very inactive
storage piles, surface crusting agents may be sprayed over thé entire
surface of the pile. Also, the location of storage piles behind
natural or manufactured windbreaks, and maintaining the working area
on the leeward side of the storage piles can help to further reduce
fugitive dust emissions.53

The control methods for fugitive emissions due to vehicular
traffic around storage piles are presented in Section 2.1,1.

Fugitive dust emissions from product loading by front~end loaders
into trucks may be controlied by keeping the stored material as moist
as possiblé s0 that emissionsﬁ%fe minimized. Furthermore, the use of
operating precautions, such as emptying the loaded bucket as close to
the héd’of the truck as possible, will help minimize emissions.>? -

For produce loading by gravity free fall from storage bins into
open bed trucks, the loading area may be partially enclosed or partially
" enclosed and exhausted to a fabric filter. The use of telescopic-

chutes at the loadout is also an effective control méthod.
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2.18.5 Recommended Reasonably Available Control Measures (RACM)

The RACM selections for aggregate processing plant, fugitive
dust emission sources are presentedrin Table 2.18-2.

For the unloading of raw_material-(hsually by truck), the selected
RACM is the use of a wet suppression S§stem (spray aﬁplication at ﬁhe
transfer point where the material falls off the.tru¢k). _ihis system,
when used for control on other sources at an aggregaﬁé processing |
plant, provides effective control at a?relatiVely lowiannual cost.
0f course, for operations such as pha unloading of wet sand and
gravél, no control is acceptable if visible emissioné'during unleoading
are negligible.

Similarly, wet suppréssion is selected as the RACMqur all
crushing, screening, conveying and handling operations. This selection
is based on the low cost to benefit ratio for wet suppreséion as |
compared to the more costly altefnative of enclosure wiﬁh ventilation
to a fabric filter. For those facilities which are nét able to |
totally employ a Wet_suppressipn system :or,ﬁhese operations because
of problems with écreenlclogging, inability to achieve.prdduct séé?ifications
due to excessive finéé in thelmateriél, aﬁd/or infeaéibility (e.gf,
no water can be used in_proceésing:bf agricultural lime due to thé?
fine particle sizes), then a combination system should be'used. The
combination system may consist of wet suppression.with either 1)
enclosure with véntilation to a fabric filter, 2) electrostatic spray
systems or 3) foaming agent spray systems.

Wet suppression was also selected as RACM for loading, loading
out and wind erosion from storage piles. If an adequate dust suppressant
has been applied in prior processing stages, separaté spray application
poiﬁts at the storage pile may not be nécessary.

2-394



(pSnuE3uco)

2-395

vo'0 (8170 {80670 4 Y 506 {1eojwayd) uopssaaddns jay
: . . A LH Buj{puey pue
{tedjwayo) uoissauddas oy 0 lsho [ 1000 f f 66 JAqR4° 0] JUBA *8UNSO[OU3 u:.am;cau *Bu jussaos A“”v
- - |800°0 Y Y 506 {1eojwayd) uppssaaddns 3ay .
a3t 9 “u fusa4Isau
{1eo4unys}) uwoyssaaddns oy - - 1070 f £ 266 Jp4qes 03 JUBA 'a4nso|oul pue Buiysnadoy A””u
- - |g6e’o y Y 506 {1eojuayd) uojssadddns jay - . .
. FELTYIT . Buuaalos’
{leojuayd) uopssaaddns oy - = 100 f £ 266 3j4qei 03 DA *IUNS0{IuJ pue Bupysnad Lse33491
y0°0 {8170 moa.o . U Yy p06 :mﬁsw.:& uo)ssaaddns jap . .
) . . . NESTIT fULUsIADS .
{1eo1wayd) uojssaaddns jay 10°0 1580 1100 f £ b6 Jp4AGRS 0 JUDA S2UNSOEIUY pue BuLysnao Aiepuodss @
- - - N W 0L . " skeads 433y .
b0°0 18170 180070 L Y §06 {ledpuayl) uoyssaaddns wmz ;
. B - . AL 4 fupuaaaos
{1eoquwayo) uoysssaddns 334 | £070 [5F°0 ] 1070 mcoa.mm qcoa.om. 1 3pIqes 03 JuaA ‘aansolou] pue BujYSIAd Kuewiad A“”v
- " - i W o5  sAuads 4ajeH
$0°0 18170 j800°C :aoa.om yooo‘aL 606 a_mu*Emnov :o.mmwknnnm.uwz
r'0 Sk | Lo 4006 ¢ 3000° L1 pL 4Nsooug
. R . - A3 L b4 (s3on43) Buppeogun
{120ju8Yo} . uoyssaaddns jap EL°2 {4272 |.98°0 2006° €1 qO0v“ (8 p66 dhges 03 JuBA “aunso|du] [epaajil Aey A“”u
401308 18S Hivy bejs jpues wnmam nwwﬁwcm==<. [e3ide) ¥ SOALIRUADE & [OABUDT S20AR05 ummw‘a>*v_v=u
qar7s . CAIUB I} 1ID _ : :
“3149U3q 3509 $ 0861 ‘uep “sI502|DA3UG) Loa3u0)

SNOILOITIS WOWY JHL ONY .mhmou ONY SITONIIIIA43 *SIATLYNYILIY T04INQD IHL 40 AQVHHNS v

SINYid ONISS3d0ud quwuxww{mzomu mzammmwzu LSAQ. JALLIOND ¥Od

“2-8L°2 318vL



(ponuLjuod)

- - |800"0 Yy i §06 {lesjwoyo} uopssaaddns jay
: {239 ‘@2uRISip 1%
- - - i vH M ~@9.43 OZ Hujui it} SUOIRRID.LY
- - - W N Ecm SHERLG PUIM {ajefaubbe as4e00)
syoInedsad pue m.:::wc.—‘ .
nwaWEmgov uo}ssasddns 3o - - - Wi YN e0L 03 Jopdd Leianjew Dujsojen S4DpED| pUD-JUOLY
{34anay) Buypeoi jonpoayd
- - - i YN u0B A0£8Au00 a)jd 4apUn
(leojudya} uoyssaaddns 384 070 |8L°0 [800°0 Y 4 g06 (1esjuRyo) uayissauaddns jap o Guipeoy
) 0e°syl ££2 | 08L 4000° 12, _;cmc.mmw wi? S40ABAUOD J42Y0R}S
8ot |g§°s | s5°¢ | o06°% 4009°8 sl sajnyd 3)doasayat
¥0°0 1817080670 Y oy . 506 (leojuayd) uojssaiddns 3o
{1e3{mays) uo)ssoaddns jap £8°2 189°41] 9L mcaw.v w005 2 w8 (s4dppe| Su0)5) aunso|duy sa{|d ojuo Huppeoq
- - - N YN ult. SHeIAqPULH
89°0 |65°0C | ¥¥°0 1004°2 xcom.m_ 408 Sujdarey
¥0°0 {BL°0 |800°0 y i " gUB {1edwusyd) uoissauddns a4
{s0)000° 5801 523000 060°9 )
(653000° 25/ Bs)000°055 ¥
(1evjwayy) uojssaaddns oy 69¢ | {2 pEL [(5),000°199 muxooo.omw.m 4001 BARS0]0U7 UO}S0.48 puip
soq4d abieaoys AHHV
UG1399{3% wWovd BeiG | pues ouo3s pozZ | | enlily 1€} 1dey - g SPA|FRUIGT|E [0a3L0) $BOINCS JSNP OAIIIBAY
qi/% L UETRIPYL:S ; : .
‘3i42U8¢ 3503 $ 0861 "uep “S350D {043u0) {043u0) .

(panuijuod) 2-81°2 318vL

2-396



29 9IUBARIBY y
‘19 PdBABIIY

: . “perpded jo 302 e SOuRUIUIRU pur. safaeyd: {e3ides Sapriauy L
. "waysAs J8|juiads PIIEA|IOU-PUIA B UD PASRY (9 AJUBADIBY y

*a3jsuesy pue BupAsaucd *saausndd Auae|34ag pue ‘Aigpuodas ‘Aserpad J0 {04300 SBpRLIU] ~juepd gnu.cam B ue poaseg ‘(9 @oudLapey ;

6§ BuBIBIBY |

"4n0 Gujpecy pue *So34nos w-.a abedoys .mucwon FEYEI-NE)

J0K3AU0D *S$33{IN0 pue S33{U|} AIYSNAD m;a,a;ma pug- muevcouwm .m;msw;a .mn_vmop== 30 go_umum»nnm mwvzpuzm u:mpa :au g0¢ & uo wmmmm 8§ wu:wgommx Y.

m 20UR4BY3Y §
‘jegpden jo %74 3% Kjuo sabaeyd [eypded sapniduf
.wu_mmowza §IN43 403 £°2 UD}IIBS 33§ 4

'9§ 2IUBABBY p

*uojiedado ga\m;; am@.n uo paseg gg BIUBIIIBY .
0§30 Y30|0/4)e m 03§ m ® y3p4 4.0/ & wyOR 000*0L Bujieasy asnoybeq asind 3of e pue oguma_u=w W§EX 02 X ,07 € uo paseq ¢

-ajew}sd Bujuaaupbul ,

- - |800°0 ‘ 4 Y 506 (ieojwaya) uojssasddns JaN

- - - W CWN mom. . shvads sajey

S R A N Cow | W05 syeadq puiN

o Camhy

ELZ | L2°2] 98°C A008°E} q00b* L8 gbf- u_gamu 03 juah .wssmcwunu

2’0 S0 L0 4006° 1 S000% Lt pl ea4e HUipest 40 3ans0jIU3
sajnys 2pdoosalag pue (o3efiaubbe supy) -
{ 1o i) uapssaaddns jop iero feeol eiro mmom.—; . w0098 - sagnya 21doasgie) § suiq abraols wosy Bujpecy

U013391as Wovy Beis | pues | ouoig Paz | | enully pe3ae) g SPAj1eUd} | B L043U0) T 3SAP SALT DN
qi/ ] : FAOUB|D} 148 E o
‘}140Ulq 3503 $ 0861 " "Wl ‘$350D [0J3u0) Loa3usy

{penuiau0d) z-gL°Z I14vi

2-397



Fugitive dust emissions from product loading via front-end
loader should be controlled by the use of wet suppression in preceding
operatiohs'éﬁd by precautioﬁs such as minimizing the drop distance
from the loader bucket to the material surface in the truck. Wet
suppression may also be used directly on the material during loading,
if nééessary; with minimal détfiment to product qﬁality {due to
agglomération of'fiﬁes), éihée_thé aggregéte that is loaded via
front-end loader is coarse material. |

For préduct loading from storage bins, RACM consists of the use
of:teleSCOPié_loaaing_éhutes ahd_#ef suppression as”applied in preceding
0perétidns. GenérallfF thé application of a dustssuppreésant in the
previous process oﬁerations and the use of telescopic chutes are

sufficient to reduce fugitive dust emissions from fine product loading.
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APPENDIX FOR SECTION 2.18

Assume a typical plant for each aggregate type:

tph tpy hrs/yr tons stored
crushed stone 300 400,000 1,300 83,000
Sand & gravel 300 300,000 1,000 62,000
slag 300 320,000 1,100 53,000

Wet Suppression System for Control of all Sources:

capital cost (1977 §) = $58,643 p. 33, JACA

(249.6) _ ..
$58,643  (204.1) = $72.000

Annualized cost (1977 $) = $21,493

(249.86) .
$21,493 (204.71) $26,000

$26,000/vr y
C/Bgg = (.9) (400,000 tpy) (0.04 + 0.5 + 1.5 + 6.0 + 1.0 +

S 56T T 070035 F 0.00) F (.97 (83,000 (2.0 + 0.093)
C/Bpog = $0.008 or ~ $0.01/1b TSP removed

$26,000/yr
C/Bsg = (.9) (300,000 tpy) (0.02 + 0.1 + 0.3 + 0.0012 + 0.0023 +

0.02) + (.9)(62,000)(0.47)

$0.18/1b TSPlremoved

il

$26,000/vr _
c/B. = (.97 (320,000 tpy) (0.02 + 0.5 + 1.5 + 0.0058 + 0.012

¥ 0.02) ¥ (.9)(53,000) (2.0 + 0.074)
$0.0376 = $0.04/1b TSP removed

Fabric Filter System for Control of Sources @ , @ , @ , ® , and ®:

Capital cost (1977 $) = $125,922 p. 45, JACA

(249.6) _
$125,922 (202.1) — $154.000

Annualized cost (1977 $) = $43,412

(249.6) _
$43,412 (204.1) $53,000



$53,000/yx
C/Bcg = (0.99) (400,000 tpy) (0.5 + 1.5 + 6.0 + 1.0) +

{.099) (83,000)(2.0)
= $0.01/1b TSP removed

$53,000/yr

C/Bgg = (0.99}(300,000 tpy) (0.1 + 0.3
= $0.45/1b TSP removed
$53,000/yx

C/Bg (.99Y (320,000 tpy) (0.5 + 1.5) + (.99)(53,000) (2.0)

$0.07/1b TSP removed

Raw Material Unloading Via Truck:

A. Enclosure, vent to fabric filter
Caﬁital cost = $87,400 (See Section 2.3, Lime)
Annual cost (1977 $) = $11,000 NMI, p. 3-5, @ 1,000 h/vy

| (249.6)
811,000 {240.1)

$13,500/yr
C/Bog = (0.99) (400,000 tpy) (0.04)

~ $13,500 =

i

$0.85/1b TSP removed

. $13,500/yr
(0.59) (300,000 Epy) (0.02)

C/Bgg
$2.27/1lb TSP removed

$13,500/yr - -
c/B (0.99) (320,000 Epy) (0.02)
S .

(1

$2.13/1b TSP removed

il

B. Enclosure
Capital cost = $11,000 (See Section 2.19, Truck Unloading)
Annual cost = $1,900

Contrel efficiency = 70%



$1,900/vr
{0.70) (400,000 tpy) (0.04)

C/Bqg

$0.17/1b TSP removed

$1, 900/yr
C/Bgg = (0.70) (300,000 tpy) (0.02)

i

$0.45/1lb TSP removed

_$1,900/yr
¢/Bg = (0.70) (320,000 tpy) (0.02)

= $0.42/1b TSP removed

Storage Piles:

A. Wind erosion.

1. Enclosure o
Control efficiency = 100% MRI, p. 6-6

Capital cost (1977 §) =

($60/ton stored) (53.+Q0 tons) = $3,180,000
} (62,000 tons) = 3,720,000
e (83,000 tons) = 4,980,000
(249.6) '
$3,180,000 (204.1) = $3,890,000
3,720,000 ( " ) = 4,550,000
4,980,000 ( " ) = 6,090,000
Annualized cost-(@i?%).
$3,890,000 (.17) = $661,000
4,550,000 (.17) = 774,000
6,090,000 (.17) =

1,035,000

© $1,035,000/vx

i

$134/1b TSP removed

$774, OOO/Yr
C/Bsg = (,47) (62,000 tons):

$27/1b TSP removed

_ $661,000
(-074) (53,000 tons)

C/Bg

$169/1b TSP removed



2. Watering (wind activated sprinkler system)
Control efficiency = 80%
Capital cost (1977 $) = $11,000

(249.6) _.
$11,000 (2p4.1) = $13,500

Annual cost (€ 20%) -
$13,500 (.2) = $2,700

$2,700/vx
(.8} (.093) (83,000}

i

C/Bcs

$0.44/1b TSP removed

$2,700/vx
(.8)(.093) (62,0000

C/Bgg =

il

$0.59/1b TSP removed

$2,700/yr
(0.8) (0.093) (53,000)

C/Bs

$0.68/1b TSP removed
B. Leading onto piles

1. Enclosure {(stone 1adder) : '
Control efficiency = 80% MRI, p. 6=6

Capital cost (1977 $) = $20,000

(249.6)
$20,000 (204.1)

Annual cost (8 17%)

= $24,500

$24,500 (0.17) = $4,200

$4,200/vx
C/Bog = (0.8)(0.0014) (400,000 tpy)
= $9.38
- $4,200/yx
C/Bgg = (0.8) (0.0012) (300,000 tpy)
= $14.58
$4,200/vr
C/Bg = (0.8) (0.0058) (320,000 tpy)

il

. $2.83



2. Telescopic chutes
Control efficiency = 75% MRI, p. 6«6

Capital cost (1977 §) = §7,000

(249.6)
$7,000 (204.1)

Annual cost (@ 17%)

= $8,600

$8,600 (.17) = $1,500

$1,500/vx
(.75){(.0014) (400,000 tpy)

[}

C/Bgog

$3.57/1b TSP removed

$1,500/vr
(.75) (.0012) (300,000 tpy)

C/Bsg

$5.55/1b TSP removed

51,500/yx
{.75}(.0058) (320,000 tpy)

|

C/Bs
$1.08/1b TSP removed

3. Stacker conveyor (stationary stacker) -
Control efficiency = 25% MRI, p. 6— 6

Ccapital cost (1977 $) = $100,000

(249.6) _
$100,000 (204.1) $122,ooo.

Annual cost (@ 17%)
$122,000 (.17) = $21,000

$21,000/vr
(.25) (.0014) (400,000 tpy}

#

C/Bcg

$150/1b TSP removed

it

$21,000/yr
(.25) (.0012) (300,000 tpy)

i

C/Bsg
$233/1b TSP remOVed

H

$21,000/yx
(-25) (-0058) (320,000 tpy)_

C/Bg

$45.30/1b TSP removed



Product Loading-

A. Loadlng from storage blns

1; Telescoplc chutes
: Control efficiency = 75%. MRI, p. 6-6

Capital cost = $8,600
. Annual cost = $1,500

$1,500/vr
( 75)( 04) (400,000}

b

C/Beg

i

$0 13/lb TSP removed

$1, SOO/yr
(.75} (.02) (300,000)

C/Bgy =

i

$0.33/1b TSP removed

$1,500/yr
{.75) (.02)(320,000)

C/Bg

$0.3i/1b.TSf'remove& B
2. Enclosure of loading area

N ASsuﬁe saﬁe.as truck uhloaaing'
3. Enclosure, vent to fabric filter

Assume same as truck unloading



2.19 COAL PROCESSING PLANTS

2.19.1 Process Description

This section presents a study of the fugitive dﬁsé'emiSSions
from sources at coal processing plants. For purposes of.tﬁis study,
the term "coal processing plants” includes all céai.preparation
plants and coal handling facilities.

Coal preparation plants include any facility {excluding underground

mining operations) which prepares coal bf one or more of the following
processess breaking, crushing, screening, wet or dry'cleaning, and
thermal drying. Generai;y, coal pfeparation plants can be classified
into three types: R R
(1) +those performing complete preparation, i.e., cleaning of
both coarse and fine coal;
(2) +those performing partiél pﬁeéaraiidh, i.e.; éieaning only
coarse coal; and | - |

(3) those performing only crushing of coal to a specific size.t

Coal handling facilities include any facility (excluding those

associated with mining) which processes coal solely by use of one or
more of the following operations: transferring, conveying, loading,
unleading, or storing.

The subject of fugitive dust emissioné from coal miping operations
is not discussed in this section. For infofmation on this subject,
the reader should refer to Section 2.1.4 where an analysis of fugitive
dust emissions from 1) overburden removal, 2) drilling and blasting,
3) off-highway truck loading, 4) waste disposal, and 5) reclamation

is provided.
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Generally, all coal mining operatiogs have either a preparation
or handling facility for the pfocessing of the mined coal (commonly
known as run-of-mine or ROM coal). These facilities are usually
located at permanent sites near the mining opérétion in order to
minimizé.transportation costs; however, some.processing plants {generally
small operations) have portable equipment and move with the mining
locatioﬁ.

Coal processing.plants can vary in size, complexity and purpose.
For example, the type of coal processing planﬁ'can range from a
simple coal loading station‘(tipple) which hahdies only & few tons of
coal per hour to a complex coal washing plant prbcessing over 1;000
tons of coal per hour. The type of coal processing performed depends
on the requirements of the end user. Figure 2.18-1 illustrates the
various types of coal processmng plants that can be encountered.

As shown in Figure 2.19-1, this study of fugitive dust emissions
from coal processing plants begins at the point where ROMTcoal is '
brought to the processing plant via some mode of trangportation
{truck;.rail car, conveyérf and is unloaded. The study concludes at
the pdiﬁt where the processed cdal is loaded into transportation
equipment (truck, rail car, conveyor, bargg) for shipment to the end
user. | | e

At most surface coai mines in Ohio, ROM coal is usually loaded
1nto off-highway trucks and/or rall cars 'and then transported to a
central processing plant or transfer area. At underground coal mines
in Ohio, if the processing plant is located near the mine mouth, the
ROM coal is usually delivered directly from the mine to the processing
plant or transfer area via rail cars or belt conveyors. If the
processing plant is located a great distance from the underground

coal mine mouth, the ROM coal is usually delivered by overland conveyors

or by rail cars.
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At the processing plant, the ROM coal is unloéded from trucks
or rail cars by dumping into a receiving hopper which discharges to
a primary crusher, a tipple or to a feeder. A feeder subsequently
empties onto a conveyor for transfer to an open storage pile or
enclosed silo. ROM coal that is carried directly to the processing
plant by conveyors is unloaded by dropping onto open storage piles
or into enclosed silos.

Coal is normally stored in either open storage piles or siloes
to allow for optimum scheduling of processing and transportation
equipment. The coal is transferred from open storage piles +to
either crushing, screening or loading operations by either front-
"end loaders or self-feeding tunnel conveyors. The coal which is
stored in silos is transfeired“to“processing equipment through the
use of belt conveyors or is loaded into trucks or railroad cars by
gravity.

Belt conveyors which have large carrying capacities are the
most common method of transporting material at a coal processing
plant. This is due to the large amount of material which must be
transported. Therefore, screw, vibrating or continuous-flow conveyors
are seldom used.?

ROM coal at any preparation plant undergoes at least a crushing
operation. At many smaller plants, the coal that is processed by
crusher is loaded directly into either a truck, rail car or barge
for shipmen£ to the user. Most of the larger mining operations
will also provide secondary crushing, screening, wet or dry cleaning,
and drying of the crushed coal., The remainder of’this Process

description will discuss such processing at a typical ceoal preparation

plant.
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The cleaning or beneficiation of coal at preparation plants is
performed for a number of reasons. One such reason is to improve
the coal quality.
The quality of coal is improved through cleaning by the removal
of undesirable impurities. This increases the heating value of the
coal and provides a better fuel for ‘the user. In fact, coal cleaning
is often necessary in order to market ROM coal, since mined coal may
contain.up to 60 percent of relject material.3
Another reason for the cleaning of coal is that air pollution
control requirements on the user often dictate the partial removal of
pyrites with the ash in order to reduce the sulfur content of the
coal. Also, ash content must often be monitored and reduced to
levels stipulated in sales contracts. However, a minimum ash content
must be maintained in order to ensure optimum combustion chaxacteristics.
Lastly, substantial savings in freight_costs_for shipping coal
may be achieved by the removal of impurities before loading. Also,
it is much easier to dispose of the impurities at the mining site
rather than at the burning site because the burning_siteuis generally
located in a populated urban area.?
Whatever the reason for coal cleaning, a significant amount of
coal mined in Ohio is washed;é In 1977, approximately 37_percent'
- '(17.4 million tons) of all coal mined in Ohio was washed at a prepara-
tion plant. About 87 percent of this coél originated from un&exgrouna
mining operations, while the remainder came from surface minesfs
At coal preparation plants, the initial process operations
- consist of “tramp iron" removal and size reduction.s These removal
and size reduction operations, which precede coal cieaning, are shown

in Figure 2.19-2, where a typical coal preparation plant. is illustrated.7

-
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TRUCK DUMP
TN

1 BREAKER A

REFUSE BIN

X 4%0

e o Y DM OO P T S B B

¢ SCREEN .
WAY

RUSHER
l %0
| A4 -
Z A0 RAWCOAL —2X0_ .,
¥ . DY
MASHING | I 1 e
PLANT . A b b goAL

£y EMISSION POINTS

7

Figure 2.19-2. A coal sizing circuit at a coal preparation plant.
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The ROM coal is first exposed to a high-intensity magnet, which
is usually suspended over the incoming belt conveyor, and the iron
impurities are extracted from the coal. This high-intensity magnet
may also be located after the breaker, but it is always located prior
+o the screen and cruéher,

The coal is next conveyed to a breaker (see Figure 2.19-3) which
consisté of a cyclindricai.SQell with perforated holes (é to 8 inches
in diameter) and interior lifting blades.: The perforatéd shell |
allows the smaller size ranges of coaljto pass through. The breaker
rotateé Qn a horizontal axis and breaks the tumbling coal which is
fed inﬁo ﬁﬁe’breakef a§tone end. The soft material (coal) is broken
in fﬁé bréakér”£6 a sﬁfficient size to pass thrqugh the shell, while
the hard, larger, unbroken material (reject) passes out through the
other end of the breaker and into a iefuse bin. The reject'material
is eventually disposed by hauling to a waste dispoéal'area. The coal
(usually less than 4 inches in size) which passes through the breaker

shell is then transferred to the cleaning ‘plan*i:..-6

8

Figure 2.19-3. Rotary breaker.
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Instead of entering phe breake?,”sdmé'ROM coal is diverted to a
scalping screen. From the scaléiﬁg,scréén,'the oversized material
(> 4 inches) falls into a crusher énd is_reduced in size to less than
4 inches. This material is then géﬁbiﬁéa with the screenings from
the scalping screen and is transférreéttd the ¢leaning plant. This
alternative flow is used more often than the breaker circuit despite
the disadvantage of exposing the crusher to large pieces of material.
A heavy-duty single rell crusher with tramp iron protection is most
often used for this process.’

There are a number of crushers which may be used for crushing at
a coal preparation planf. 'The”most_coﬁmdﬁ ty?es used are the hammermill,
and the single, double;roll and riné crushers. iThe type to be used
is dependent on the size of é§a1 désired:; Theée crushers are illustrated

in Figures 2.19-4 thréugh 2.19*7.10

Figure 2,.19-4. Hammermill.8
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Figure 2.19-6. Double-roll coal crusher.
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Figure 2.19-7. Ring coal crusher.12
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As in the case of crushing equipment, coal preparation plants
also use a variety of screening equipment for coal sizing. The types
generally used are the grizzly, shaker and vibrating screens.

Grizzly screens, which size coal by gravity only, are usually
used on ROM coal preceding a crusher or belt conveyor loading operation.l3

Shaker screens are used infrequently and rarely provide a separation
less than 2 inches.t4

Vibrating screens are the most common type of separating device.
They are used in both dry and wet processing plants.l4

After crushing and screening, the raw coal at a preparation
plant is usually stored in an open pile or in a silo prior to washing
to allow for the smooth, efficient operation of the cleaning plant.9

At the cleaning plant, ‘the type of mechanical cleaning equipment
used is dependent on the size range of the coal entering the plant
‘and ‘the desired coal size. PFor example, coal that is larger than 8
“inches is usually crushed; however, if lump coal is desired, the:
large fraction above 8 inches is cleaned by slate-pickers. Table
2.19-1 lists the nominal size ranges and the corresponding cleaning
equipment generally used. This cleaning‘equiﬁment is discussed in

the following sections.?l

Table 2.19-1. COAL SIZE RANGES FOR CLEANING EQUIPMENTIS

+8 inches Picking tables

g" x 1/4v Heavy media bath or drums
Jigs

1/4" x 48 mesh | Diester tables
Heavy media cyclones
2ir tables

48 mesh = 0 ‘ Froth flotation
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Coal of a size range less than 3/8 inches is often c¢leaned by
using pneumatic cleaning devices or air tables. These devices have
a perforated bottom plate over which a layer of coal passes. A
current of air is passed upward through the bed which removes the
finer particles. The fines are eventually removed from the air
stream by cyclones and fabric filters. By the time the coal reaches
the ends of the air tables, it is separated into layers. The bottom
layer contains heavy (high-ash content) material, the center layer is
medium-weight coal and bone fhigh—ash content), and the top layer is
coal (low-ash content). The center layer is removed, added to the
refuse from the bottom laver and rewashed or included with the coal
from the top layer and discharged to storage. Figure 2.19-8 shows a
. typical pneumatic cleaning circuit; and in Figure 2.19~9, an air
table is illustrated.l® |

Generally, air tables are hct very efficiency with respect to
their ability to remove ash from coal. One source reports that their

efficiency of ash removal is limited to 2 to 3 percent_.l6
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BIN
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FPigure 2.19-8. Pneumatic cleaning c:i.:rc:ui’t:.l7
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SPEED REDUCER

2 b

K e e 22

AIR DUCT

CLEAN COAL “TiE [l ocacp

™ DAMPER

REF&g% FLUTTEQ/
VALVE

/
'MIDDLINGS
AIR LOCK

HUTCH

Figure 2.19-9. Ai;_t&ble.la

The useiof air tables requires screening of the iﬁcoming coal,
and often also requires thermal drying since the coal must be dry
prior to entry on the tablésgls'. o

Jigwtable washing plants use Jjigs to clean the size range greater
than 1/4 1nch and Dlester tables to clean the 1/4 1nch by 28 mesh
size range. Thls equlpment is often used with Froth cells and/or
thermal dryers. ‘A typical coal cleaning circuit using a jig-table is
shown in Flgure 2 19~10.€-The~air—pulsated type of jig is illustrated
in Figure 2 19 11, and the Dlester table is shown in Figure 2,19~
12.19

In a jig-table wash plant, the raw coal (< 8 mesh) is first
separated on a wet screen (usually 1/4 inch mesh). The larger sized
coal enters the jig, while the remaining coal is transferred to
another separate cleaning circuit. The coal exiting the jig is

dewatered on screens and in centrifuges, crushed, and loaded or

stored.
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. ~ OR STORAGE
£ POINTS OF EMISSION
Figure 2.19-10. Jig-~table cleaning circuit.20
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Figure 2.19-12. Deister table.2l
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The jig operates on the principles of setting in rising and
falling water currents. The finer coal (<« 1/4 inch) is mixed with
water and then poured intc the tables, Where.fhe refuse_is separated
from the coal, Water is removed from the refuse by screéning and the
refuse is deposited into a bin for‘storage_until:it may be hauled to
a disposal area. The_Washed~coal is then dewétéred by using a
 étati6nary gravity scﬁegn or ";ieve bénd", where the fines are removed
.and sent to a centrifuge_for dewatering and extraction of the fines.
Finally, the Wéshea coél igs loaded or conveyved to a thermal aryer.lg

‘A Diester table has a flat, riffled surface (about 12 square
feet in area) which oscillates perpendicularly to the riffles toward

the_flow of coal. The heévy reject material falls off one end of the
| table, while the light coal is discharged of £ thé oppcsiéé end. The
remaining material is disﬁributed in between.lg'zo

A heavy-medla wash plant performs the cleaning of coal by flotatlon
in a medium with a selected specific gravxty, in whlch a dispersion
of finely ground magnetite (Fe304) is maintained. Figure 2.19-13
deplcts a typlcal heavy—medla cleaning circuit. 22

In this type of plant, the raw coal is flrst separated at 1/4
~inch on an inclined screen. The oversize fractlon is transferred to
a flat, wet scfeén,-whére the finer pértiéleé are sprayed off the
> 1/4 inch coal. Tﬁe_oversize.matefial from this wet screen is then
discharged into a_heavyﬁmédia bath,_wheré the refuse is separated
from the coal. The refuse is then dewatered by discharging to a
screen. The medium which is removed from the bath is divided into two
parts, one returning. to circulation via the heavy-medium sump and the
other being pumped to the magnetite recovery system. .The refuse is
discharged from the screen for disposal. The coal is next removed

from the washer to a rinse screen, where the coal is dewatered and
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Figure 2.19-13. Heavy-media cleaning circuit.23
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the resulting medium is treated similarly to that from the refuse
screen. The washed coal is then centrifuged, crushed, and stored or
loaded. The fine coal (< 1/4 inch) from the raw coal screens is
combined with magnetite and water and pumped to a heavy-media cyclone
as shown in”Figure 2.19~14, where the coal is separated from the
refuse by cyclonic action. The heavy-medium used in the cyclone is
geﬁérally finer than that used in'the heavy—ﬂedia bath. The refuse
from the heévy-media ¢yclone is then dewatered and the meaium is
recovered in a manner similar to that in the previous processes.
Finally, this coal is then discharged over a sieve bend, centrifuged

and transferred to a thermal dryer or to storage or loading.24

J—
[T
6"y
p—

25

Figure 2.19~14. Heavy-media cydlone.
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The diluted magnetite is recovered via magnetic separators which
consist of a shaft-mounted steel drum containing an interior figed
magnet. This cylinder rotates within a vessel containing coal slurry
and magnetite, thereby retrieving the solid magnetite from the slurry
via a magnetic field within the drum.. Generally, each bath and
cyclone have their own separate magnetic separator.26

The centrifuge effluents contain < 28 mesh coal which was broken
from larger pieces of_clean coal. These_effluents are thickened in
a cyclone, deslimed on a screen, and centrifuged before storage or

loading.27

484 X

0 REFUSE
RAW COAL 1 T
MO ‘
SLURRY L’Eﬁ"mmm& CELLS
. CYCLONE
CLEAN | COAL
48 X 28M__RETURN TO
HASHING CIRCUIT - |
: ' 4 M
STATIC THICKENER
¥ A e
]
DISC FILTER
) Y
= DISC FILTER

=
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i R

CLEAN COAL CLARIFIED WATER = EFUSE

RETURN TO THERMAL RETURN TO 2

=
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DRYER OR LOADING CIRCUIT
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I — —
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Figure 2.19-15. Water clarification
circuit.28
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A water clarificétion,plant is also an integral part of a coal
wash plant. It receivesuéll of the slurry from the washing plant,
separates the 48 mesh_by_o fraction for cleaning, and recycles water
back to the plant. A'fypicél clarifiqation plant is shown in Figure
2.19-15, The 48 mesh by 0 fraction.is aischarged to froth flotation
cells, where it is mixed with a.light Qil. The coal becomes coated
with the coil and floats off the top of £he cells to a disc filter,
where the excess water is vacuumed off @hrough a filter. The water
is then recycled by pumb_baék to‘the wash plant, and the coal fines
are transported to a ﬁhermal dryer;fstorége or leoading. & froth
flotation unit is shown in.Figurej2,i9—16.27

The refuse, which does not agcept:the oil coating, sinks to the
bottom of the flotation éells and is_remdved along with the incoming
water to a static thickener. A static thickener is a large setting
tépk which allows enocugh retentibn timé.ior the refuse to sink to the
bottom. The clarified water is drawn 6ff the top of the thickener bg
skimming troughs located-éround the perimefer of the tank, and is
sent back to the wash piaﬁﬁ;27 | o

The static thickener contains a rotating rake which rakes the
refuse at the bottom of the éank to the center where it is collected
by a pump and transferred to a disc filter. The disc filter returns
some of the water back to the wash plant and discharges the solids as
refuse.>30 -

The thermal arying of coal is used at coal processing facilities
employing washing eqﬁipméht. Generally; coal is dryed via a thermal

dryer for one or more of the following reasons:
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1. to avoid freezing difficulties and to facilitate handling
dﬁring shipment, storage, and‘transfer;

2. to maintain high pulverizer capacity;

3. to improve the quality of coal used for coking; and

4. to decrease transportation costs.31

Thermél afféré-éte generaily used.té.dry'ﬁhe i/4 by 0 inch
fraction. However,.sometimes the plus 1/4 inch portion is dried for
ease of screeniﬁg;15 | | | _—

Thermai aryers are simply conﬁacting devices whéfe hot exhaust
gases from the combustion process in the dryer are used_to heat the
wet ‘coal and to evaéorata the surface moisture. There‘are seven
basis types of thermal dryers which are presently used: rotary,
screen, cascade, continuous carrier, flash or suspension,:multilouver,
and fluidized bed. However, the most prevalent types of thermal
dryers are the flash and fluidized ‘bed dryers,32

A rotary dryer consists of a rotating cylindrical drum (8 to-10
feet in diameter, 65 to 80 feet long) in which the wet coal flows
countercurrently to the flow of hot gases. The dryer contains lifting
vanes which help drop the coal throughﬂphe hot gases.32'33

A screen dryer performs'thg drying'fghéﬁién by transporting the
wet coal over reciprocaging.screens while'hét gases are passed through.
the bed. This dryer_ié uéﬁé11y used_fof.coal_in a size range from
1/2 mm to 2 inches. Figure 2.19—15 ii1ustrates a typical screen

dryer.32'33
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Figﬁie 2.19-17. Screen-typélfhermal'coal dryer;32

In a cascade dryer, wet coal is first fed to the drye:_vié a

. rotary feeder. The wet coal cascades through wedge~wire shelves
which vibrate. - Simultaneously, hot gases are drawn upward through
and between the wedge-wire shelves. The dried coal is then collected
at the bottom of the dryer and removed. This type of dryer islmost
commbnly used for drying fine coal (3/8 x 0 inch). A cascade dryer

~'is shown in Figure 2.19-18.

Figure 2.19-18. Cascade thermal coal dryer;35

2-425



A continuous carrier thermal coal dryer is a very uncommon type
of dryer. -A literature survey provided no description or illustration
of this type of dryer.

- A flash or suspension dryer is the second most used type of
dryer. . In this dryer, the hot gases generated in the combustion
furnace of the dryer transport the wet coal up a riser. The turbulence
created in the riser provides an excellent drying environment. This
type of dryer is used for extremely fine-coal with the top size not
exceeding 3/8 inch. A flash or suspension dryer is shown in Figure

2.19-19, 32736

ALTERNATE VENT o

. A< C-E RAYMOND FLASH DRYING
£ -° T SYSTEM FOR COAL
T VENT

WET SCRUBBER bp - |14

i

:

i ey s

{(IF REQUIRED) 1 - "~

4 TTTR) | VENT _ RELIEF VENT
?\','“T‘?“*r - I....J‘(FAN

ALTERNATE ARRANGEMENT
FOR VERY FINE WET COAL

STARTING STACK

DRY COAL DISCHARGE
FROM AIR LOCK:
AUTOMATIC
DRY DIVIDER -

DRY RETURN
'WET FEED—><Y
MIXER

—DRYING COLUMN

_|-DRY COAL CONVEYOR
—i~WET FEED CONVEYOR

WET FEED BIN

ARy coaL /;,. 1 eate
| CONVEYOR L) | _I-WET FEEDER

F

-DOUBLE FLAP VALVE
TEMPERING AIR DAMPER

Figure 2.,19-19. Flash or suspension thermal coal drfer.
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A multilouver dryer, shown in Figure 2.19-20, is-used primarily
for drying large volumes of coal and for drying coal which requires
rapid drying. In this type of dryer, wet coal is transported up in
flights and then flows downward in a shallow bed over the ascending
flights. The coal gradually moves across the dryer during each pass

from the feed entrance to the discharge area.38

Figure 2;19«2Q;f_Multilouvéfﬂthermal coal dryer.33

fhe moéiﬁpfeﬁélen£ £ype oﬁxdrjer"in Qsé'ﬁoday is the fluidized
bed dryer. This dryer contains a perforateé.platé in a negative
pressure fluidizin§ cﬁamfe;igbpyg_vhiéh coal is suspended by a rising
column of hot gaéeé. Thé;aried cbal exists from the dryer at an
overflow weii.._Figure 2;19wziail;d5trétés a typical fluidized bed

dryerm32’39

2-427



FAN STACK

DUST CULLEC';TOR" FEED BIN

DUST BIN-
" DUST SCREW CONVEYOR -L

SETTLING CHAMBER/ /A fS) (I
" DISCHARGE VALVE’ § &  FURNACE
" AUTOMATICALLY CONTROLLED ¢ PRODUCT J
FEED AND DISCHARGE GATES L '
TEMPERING AIR DAMPER
e f‘\\\ﬁrwpnss STACK

‘Figure 2.19-~21. Fluidized bed thermal coal &ryer.40

Afﬁef.ﬁashing and dryinégﬁmines using unit.t:aip shipmeﬁt,‘.
usually store enough cleén coal to £ill a train. Silos.are oﬁtgn
used.fér this purpose. Furtherﬁore, silo storage preyepts accumulation
of moisture and exposure to wind. Some mines employ open storégef
using conveyors for loéding. Lastly, at some mines, railroad cars or

barges are loaded directly as the coal is processed.
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In general, the method of lcading coal is dependent on the size
of the processing plant, the available transportation mediums, and
the location of the end users. The transportation mediums most often
used are barge, rail, truck, and overland conveyor.

Barge loading of coal is usually performed by any one of five
methods. These are: -

(1) truckudumging direcﬁiﬁ“iﬁto the barge,

(2) loading throygh.a;Sta;ionary.chute,

(3) _elevating ;'boom ioa&iné; where barges are moved back and

.'forth“io'the £i#éf beﬁéath,o

(4) floating - hafgéIIOéainQ, where the loading boom is mounted

on a floatlng barge an& 1s plvoted for ease of loading, and

(S)_ trlpper —:conveyor loadlng, where the barges are stationary

and the loadlng chute moves back and forth.4l

* - Rail car 1oadipg ﬁay.beoperformed by front-end loader, belt

conveyor, booms from overhead storage silos and from ground level
storage piles with underground loading. Silo loading into rail cars
is used fregquently at large coal processing plants where unit trains
are flooamloaded through telescoplc chutes. Such silos commonly have
a capacity ranglng from 10 000 to 15 000 tons.42 o

Truck loadlng is performed through the use of frontwend 1oaders,
“belt conveyors and overhead storage 51105. - |

Wlth overland conveyors the coal is transported dlrectly to the

end user (usually a power plant)
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In Ohio, the majority of all coal is loaded into either trucks
or railroad cars. rIn'l977, of the'approximately 47 million tons of

coal produced, the disposition of the coal was as follows:%3

‘pruck 23.54 million
Rail : 13.17 "
Conveyor 6.48 "
Barge . 3.28 o
Storage 0.33 "
Other 0.14 é_

The potential sources of_f;gitive dust emissions from coal
processing plants are the unloading of ROM coal, primary drﬁshing,
secondary crushing/screening, transfer and'ccnveying, cleaning, |
storage of processed coal; and the loading of cpal. These-sources{
are indicated in Figure 2.19-1.

The fugitive dust emissions:éreated.by_vehicle t;affic over
roadways at the processing plant is addressed.in Section 2.1.1. The
fugitive dust emissions created_by veh;cula; movement around storagé
piles is also addressed in Section 2.1.1. | |

For additional information with res@ect to fugitive dust emissions
froﬁhcéal storage éileéuéﬁd coél ﬁaﬁdiing,.the reader is referred to
Section 2.1.2 and 2.1.3, where a detailed discussion is presented.

2.19.2 Fugitive Dust Emission Factors

The estimated emission factors for coal processing plant fugitive
dust sources as identified in Section 2.19.1 are summarized in Table
2.19-2. BAs noted in Table 2.19-2, the reliability of all of the

emission factors is poor since they were based on engineering estimates.
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TABLE 2.19-2.

FUGITIVE DUST EMISSION FACTORS

FOR COAL PROCESSING PLANTS

, Reliabilit
Source tmission factor rating Reference
(:) Unloading
Truck 0.02 1b/ton unloaded E 44
Rail car 0.40 1b/ton unloaded? E 45, 46
(:) Primary crushing 0.02 1b/ton crushed E 47
(:) Secondary crushing/ { 0.16 1b/ton crushed/ E 47
screening screened
(:) Transfer and 0.20 1b/ton transferred E 48
~ conveying or conveyed
(:) Cleaning Negligible 49
(:) Storage
Loading onto pile | 0.08 1b/ton loaded D 50
Vehicular traffic | 0.16 1b/ton stored D 50
Loading out -0.70 1b/ton loaded D 50
Wind erosion. 0.09 1b/ton stored D 50
(:) Loading B
 Truck 0.02 b/ton loaded E 44
Rail car 0.40 1b/ton Toaded E 45, 46
Barge 0.40 1b/ton loaded E 45, 46

8 For bottom dumping only. Emission factors for railroad car unloading by side

and rotary dumping were unavailable.
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Since there were a number of published emission factors for
-many of the fugitive dust sources, the factors selected for this
study were those most widely referenced in the literature and those
which would be more applicable to a "typical” fugitive dust source
rather than to a site-specific source. .

The emission factor for truck unloading was developed by PEDCo
by taking half of the published EPA emission factor for. truck dumping.
The rationale for this derivation was that coal dumping would be
expected to generate less fugitive dust emissions than comparable
dumping .of aggregate. This is because of the larger -size of the
coal being handled and its higher moisture content. The 50 percent
reduction was based on the estimated control efficiency of watering
which PEDCo believes is comparable to the effects of higher moisture
content and larger material size, %4

The emission factor for rail car unloading was taken from
- Section 2.4 for rail car unloading at coal-fired power plants.45
This factor is also cited by another source for all modes of transport.

The estimated emission factors for primary crushing and secondary
crushing and screening were based on estimates by PEDCo from limited
test data and engineering judgment.47

The estimated emission factor for transfer and conveying was

derived from emission estimates made by ERT for combined processing

sources at coal mines in northwestern Colorado. The emission factor////
.
rd

of 0.20 pound per ton was developed by subtracting the em1551on‘/w’
estimates for crushing {(0.18 lb/ton) and storage (0.054 1b/ton)- “£rom
the estimated emission factor (0.44 1lb/ton) for the processing
~.gources which were identified as transfer and conveying, crushing,
aﬂé storage. One study points out that the resulting emission factor

for transfer and conveying does seem high when compared to estimated

2=-432

46

-

/I

s



emigssions from conveying other material. This may be an indication
that other sources may have been included in the ERT emission factor
for the processing sources.48-
our reference in this study indicated that fugitive dust emissions
from coal cleaning operations were negligible.%4? No published fugitive
dust emission factors for coal cleaning were found in the literature.
The emission factors for storage were baséd upon limited test
data and engineering judgment. Their reliability is, however,
considered below average.50
The emisgion factors for loading were assumed to be the s&me as
for unloading. This assumptionl was made by one source with respect
1,46

to unloading and loading operations in genera

2.19.3 Particle Characterisgstics

No data were located on the particle size distributions for
fugitive dust emissions from coal processing plant sources.

For coal dust emissions, one source reports that at a concentratiocn
of 2 mg/m3 detrimental health effects may occur if the respirable
- dust fraction contains less than 5 percent quartz.sl Furthermoré,
" another source indicates that the potential health hazards of coal
dust are dependent on the amount of silica (8i02) present in the
dust, 22 Exposure to silica by breathing over extended periods of
time has resulted in a respiratory problem known as sil@cosis.
silicosis is a chronic lung disease characterized by diffuse fibrosis.

Coal dust emissions from fugitive dust sources at coal processing
plants often result in the creation of nuisance conditions if the
plant is located near a densely populated area. Coal dust may cause
significant property damage through the soiling of‘the exterior of
“vehicles and homes, since such dust is difficult to remove without an

extensive cleaning effort.
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2.19.4 Control Methods

This section presents the fugitive dust control methods which
are or may be used by the coal processing industry for those sources
identified in this study.

The fugitive dust emissions from truck or rail car méy be controlled
by 1) total enclosure with ventilation to a fabric filter, 2} a
partial enclosure, 3) a water spray system, and 4) a wet suppression
system using water and chemical wetting agents, or foams.

. For primary and secondary crushing and screening operations,“
control methods consist of enclosures with ventilation to a fabric
filter and wet suppression systems utilizing a chemical wetting agent
or foams.

... Por fﬁgitive dust emissions from conveying operations, the
control methods genefally used are partial (top) enclosure,_total
enclosure, or wet suppression. Also, fugitive dust_emissions created
by the droppings from the return belt conveyors may be_conﬁrolled__
through the use of dribble pans. _

Fugitive dust emissions from transfer points may be controlled
through the use of total enclosure, enclosure with ventilation to
a fabric filter, or wet suppregsion systems using chemical wetting

)
agents.

- . Cleaning activities are usually performed inside an enclosed
building and may undergo wet processing operations. Therefore,
cleaning activities are insignificant sources of fugitive dust

emissions, and no cortrol is generally reguired.
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The fugitive dust emissions from storage piles consist of four
sources: load-in, wind disturbance, vehicular traffic and load-out.
The control methods available for thﬁse sources vary with the type
of source. |

For load-in at storage piles, control methods include 1) enclosure
through the use of stone ladders, 2) wind guards, 3) telescopic
chutes, 4) wet suppression and, of course, operating precautions.

Fugitive dust emissions from wind disturbances at storage piles
may be controlled throuqh'thé use of wet -suppression and the appli-~
cation of surface crusting agents. Also, operating precaufions such
as orienting the storage piles perpendicular to prevailing winds to
reduce the exposed surface is helpful in reducing wind erosion.

For vehiduldr traffic at coal storage piles, the control methods
are listed‘in Section 2.1.1.

For 10ading out from coal storage piles, control measures
consist of the installation of under-pile conveyor systems, bucket
wheel reclaimer systems, and wet suppression.

. For coal storage in silos or bins, fugitive dust emissions are
ndrmally'confrblled by covering conveyors which transport and dump
the coal inéb the silos or bins. Also, the fugitive dust in the -
displaced air from silos and bins may be controlled by the addition
of either bin vent filteré or exhausted fabric filters; however,
these emissions are not considered significant.

Control methods for 1loading operations consist of telescopic
chutes and wet suppression. For operations which use wet suppression
in subseguent processes, generally only telescopic.chutes are required
for dust control if an adequate treatment of wetting agent has been

previously applied to the coal.
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2.18-5 Recommended Reasonably Available Control Measures (RACM)

The RACM selections for coal processing fugitive dust emission
gsources are presented in Table 2.19-3.

The selected control technigque for unloading of coal by both
rail car and truck is a wet suppression system ut11121ng a chemical
wetting or foamlng agent for more eff1c1ent control of fugitive dust.
This measure is less costly than the more efflglent application of a
fabric filter, and is'm6£e efficient than the other less reliable
methods of control. | |

Primary and secondary crushing and screening aqtivities may be
effectively controlled by using a wet suppressipn sYsteﬁ_which is
alsoc used for the unloading and transfer and conveying operations.’
This system is less cdétly than the alternate of inété;ling an
enclosure with ventilation to a fabric filter.

Wet suppréssiou’is thelséleﬁted RACM for transfér and conveying
because it is less costly théﬁ.the alternativé of enclosﬁre with.or
without a fabric filter. ! |

Since cleaning operations are generally performed inside enéiésed
buildings and/or inéiude wet processing, no contﬁol.ié.required.;;f

Coal storage plle load-in activities can be controlle& to & hmgh
degree by the use of telescoplc chutes supplemented by wet suppress;on
systems. For wind erosion and loading activities, wet suppression
has also been selected as RACM due to its high efficiency and relatively
low cost. |

For loading activities, RACM is the use of wet suppression
systems and/or telescopic chutes. If an adequate treatment of wetting
agent has been applied in subsequent operations, only telescopic
éhutes need be used, For loading activities which do not use wetting
agent applications in subsequent operations, both telescopic chutés

and wet suppression systems are recommended.
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APPENDIX FOR SECTION 2.19

Data Used in Calculations:

®

Hourly rate of ROM coal entering plant = 750 tph

Hourly production rate of clean coal = 600 tph

Annual production rate of clean coal = 3,000,000 tpy

Input to preparation plant (assuming 20% reject) = 3,750,000 tpy

Unloading ROM coal:

A.

Railroad car

Enclosure, vent to fabric filterx

Control efficiency = 99% MRI, p. 6-3
Capital cost (1977 §) = $100,000

(249.6) _
$100,000 (204.1) = $120,000

Annualized cost (1977 §) = $32,000 NMI, p. 3-5

(249.6) _
$32,000 (204.1) = $39.,000
$39,000

¢/B = (0.4 1b/%on) (3,750,000 tpy) (.99)

= $0.03/1b TSP removed

Enclosure

Control Efficiency = 70% MRI, p. 6-2
Assume an enclosure of 50' x 21' x 30'
Total area of 10 Ga plate (skirts)

= (21' x 50') + 2(30' x 50") + 2(30' x 21"}
= 1,050 + 3,000 + 1,260
= 5,310 ftl

mass = 5,310 ££2 x 5.625 1b/ft? x 1.2
= 35,800 lbs.

Cost {(labor & materials) = ‘
(.208/1b + 0.30/1b) (35,800 lbs) = $18,200

Turnkey = 1.4 (18,200) = $25,500

(249.6) .
$25,500 (192.1) $33,000



-Annualized cost (No O & M)
Fixed = .17(33,000) = $5,600

- $5,600/yr
C/B = (0 4 Ib/ton) (3,750,000 tpy) (.7)
= $0.005/1p TSP removed

3. Wet suppression (chemical) for sources @, @, 3 @

Contreol efficiency = 80% for 1 (MRI, p. 6-3)
- _ = 90% for ®, @ @

Capital cost (1977 §) = $80,000 NMI, p. 4-9

(249.6) _
$80,000 (204.1) ~ $98,000
Annuallzed cost (1977 $) = $30,000 NMI, p. 4-12
@ 5,000 hpy
- (249.6) = $37,000
$30,000 (304.T)
$37,000/vx
c/B = 13,750,000 tpy) [(.8) (.D)+(.9) (0.2 + .16
T 20)]

' = $0.01/1b TSP removed
4. Water:r,ng for sources @ and @ only

Control efficiency = 50% TG, p. 2-~245
No costs available

Truck
1. Enclosure, vent +0 fabric filter

Control efflcmency = 99%
Capital cost = $87,400 (Section 2.3, P. 2~163

for limestone unloading)

Annualized cost (1977 §) = $17,000 (NMI, p. 3-5)

(249.6) _
$17,000 (204.1y = $21.,000
plus $2,400 fixed enclosure cost
= $23,000 '

$23,000/yx
¢/B = (0.02 lb/ton)(B 750,000 tpy) (.99)
= $0.31/1lb TSP removed




2. Enclosure

Control efficiency = 70% MRI, p. 6~2.
Assume an enclogure of 20' x 20' x 15°

Total area. of 10 Ga plate (skirts)
= (15" x 20! ).+ 2{(20'x15') + 2(20'x20")
= 1,700 ft2

mass = 1,700 ££2 x 5.625 1b/ft2 x 1.2
= 11,475 lbs.

Cost (labor & materials) =
(.208/1b + 0.30/1Db) (11,475 1lbs.) = $5,829

Turnkey = 1.4-(5,829) = §$8,160

(249 6)
se,160 (I92.1) > $11,000
Annualized cost (No 0 & M)
Fixed-=;;l7”(ll 000) = $1,900

. $1,900/yr
c/B = (0.02 1b/ton)(3 750,000 tpy) (.99)
= $£0.03/1b TSP removed

3. Wet supp#eséioﬁ (chemical) for sources @, @) G @

= 80% for 1 (NMI, p. 6-3)
= 90% . for @, @.-

.Control efficiency

Capital cost (1980 $) = $98,000

Annualized cost (1980 §) = $37,000
' $37,000/yr

C/B ={3,; 750 000 tpy) [(.8)(.02)+(.9) (.02 + .16 + .20)]
$0 03/lb TSP removed

4. Waterlﬁg for sources @ and @ only

.Control_eff;cmency ; 50% TG, p. 2-245
No costs available

primary crushing
1. ° Enclosure, vent to fabric filter for sources (O, ®
Control eff1c1ency 99%

" Capital cost (1977 $) = $105,412 NMI, p. 3-4
8 20,000 acim

(249.6) _ 29.000 .
$105,412 (204.1) $129,000



Annualized cost (1977 $) = $31,000

(249.6) _
- $31,000 (204.1) 338,000
Co o $38;,000 -
C/B = (3,750,000 tpy) (.99) (.02 + .16 1b/ton)
C/B = $0.06/1b TSP removed

2. 0 Wet supﬁression (chemical) for Sources(@) ) ONO)

Same as for truck & RR car unloading

Capital cost = $98,000 for RR car unloading
Annualized cost = $37,000 for RR car unloading
C/B = $0.01/1b for RR car unloading

Capital cost = $98,000 for truck unloading
_ Annualized cost = $37,000 for truck unloading
C/B $0. 03/lb for truck unlcading

(:) Secondary crushlng/screenlng

1. - Enclosure, vent to fabric filter for sources()()
Same as for primary crushing

2. Wet suppression (chemical) for sources(),()rC) ®
Same as for primary crushing

(:) Transfer and'donveying

1. Enclosure of conveyors and transfer po;nts, vent to
fabric filter

Control efficiency = 99% MRI, p. 6-3
Assume 400 £t of conveyor and three. transfer points.

Capital cost (1977 §): (MRI, p. 6~3)
{$70/£t) (400 ft) = $28,000 for conveyors
($18,000/TP) (3 TP) = $54,000 for transfer pts.

Total cost = $82,000

(249.6) _
$82,000 (204,1) -¥100,000
Annualized cost (@ 30% of capital cost)
= $30,000

£30,000/yr .
c/B =" (3,750,000 tpy) (.99) (.2 1b/ton)
= $0.04/1b TSP removed




3l

Cleaning

Sﬁorage

Enclosure of conveyors and transfer points with no
control device

Control efficiency = 70% MRI, p. 6-3
Assume 400 ft of conveyor and three transfer
points .

Capital cost (1977 $): (MRI, p. 6-3)
- ($35/F+) (400 £t) = $14,000 for conveyors
($3,000/TP) (3 TP) = $9,000 for transfer pts.

.fPotal cost = $23,000

(249.6) _
$23,000 (204.1) - $28.000
Annualized cost (€ 30% of capital cost)
($28,000) (.3) = $8;400

$8,400/yr
c/B =(3,750,000 tpy) (.70) (.2 1b/ton)
= $0.02/1b TSP removed

Wet suppression (chemical) for sources @D @ @ @
Same as for primary crushing

No control regquired —generally a wet process
operation and performed in a building -

A. Loading onto piles

L

Enclosure (stone ladder)

control efficiency = 80% MRI, p. 6-6
Capital cost (1977 8} = 20,000

(249.6)
$20,000 (204.1)

Annualized cost (@ 17% of capital cost)
$24,00 (0.17) = $4,000
$4,000/yr
c/B = (0.08 lb/ton) (3,000,000 tpy) (.80)
.. = $0.02/1lb TSP removed .

= $24,000




2. . Telescopic chutes

Control efficiency = 75% MRI, p. 6-6
Capital cost (1977 $) = 7,000

(249.6) _

 Annualized cost (€ 17% of capital cost)
'$8,600 (.17) = $1,500

: $1,500/yr
c/B =" (. 75)(3 000,000 tpy) (.08 1b/ton)
- = 80. Ol/lb TSP removed

3. Wet suppression,Jchamical)

Control efficiency = 75% MRI, p. 6~6
Capital cost (1977 $) = $60,000
(249.6)
$60,000 (204.1) = $73,000

Annualized cost = $29,400

249, ‘
329'400_E§%%j%3 = $36,000 NMI, p. 4-11
$36,060/yr

C/B = (3,000,000 tpy) (.75) (.08 1b/ton)
=-$p.20/lb TSP removed .

4. Wind guards

Control efficiency = 50% MRI, p. 6~6
Capital cost (1977 $) = §$50,000
. (249.6)
$50,000 (204,1) = $61,100

Annualized cost (@ 20% of capital costs for
maintenance and capital charges)

(.2)(61,000) = $12,000
$12,000/yx

c/B = (3,000,000 tpy) (. ) (.08 lb/ton)
= $0,.10/1b TEP removed




B. wind erosion

1. Enclosures

Control efficiency = 100% MRI, p. 6-6
Capital cost

{$60/ton stored) (3,000,000 tpy)/12 months/yr
= $15,000,000

Annualized costs ($ 17%) =
{($15,000,000){(.17) = $2,550,000

. $2,550,000/yr
(3,000,000 tpy) (.09 1b/ton)

C/B

' $9.44/1b TSP removed
2. | Wétnsﬁépression:(éhémical)

Control efficiency = 99% MRI, p. 6-6
Capital cost (1977 §) = $11,000

L (249.6) _ aq4
$11,000 (204.1) ~ $13,450
Annualized cost: {250,000 tons storage)

. 250,000 tons (40 ft3/ton) (100 £t height)
= 100,000 £t2

[$(.004 + .1)/Ft2] (100,000 £t2) = $5,200
(o z ) |

$5,200 (204.1) = $6,400

$6,400/yx
T0.09 1b/ton) (3,000,000 tpy) (.99)

. c/B

$0.02/1b TSP removed



C. Loading out
1. -Under pile conveyor

Control efficiency = 80% TG, p. 2~39
Capital cost (1977 $)

($47.5/ton) (250,000 tons) = $11,875,000
o . (249.6) - |
$11,875,000 (204.1) ~ $14,520,000

Annualized cost (@ 20%)
(0.2) (14,520,000) = $2,900,000

$2,900,000/yx
C/B = (.8)(.l_lb/ton)(B,OO0,000 tpy)
= $l2.08/lb TSP removed

2. Wet suppression (chemical)
' Control efficiéncf = '95% MRI, p. 6-6
Capital cost (1977 §) = $60,000

(249.6) _
$60,000 (204.1) = $73.400

Annualized cost = $29,400 NMI, p. 4-11
(249.6) - cag
$29,400 (202.T) ~ $36:000

(3,000,000 tpy) (L85) (.1 1b/ton)

c/B

$0.13/1b TSP removed
3. Bucket wheel reclaimer -

Control efficiency = 80% MRI, p. 6-6
Capital cost (1977 $) = $5,300,000

(249.6) = g6,480,000
$5,300,000 (304.1)

Annualized cost (@ 20% of capital cost)
(.2)(6,480,000) = £1,300,000 -

$1,300,000/vr
(3,000,000 tpy) (.8) (.1 Ib/ton)

C/B

$5.42



(:) Loading

A. Truck loading
1. Wet suppression (chemical)

Control efficiency = 80% MRI, p. 6-6&
Capital cost = $73,000

Annualized cost = $36,000

- $36,000/yvx
(3 000,000 tpy) (.80) (.02 lb/ton)

C/B

i

$0.75/1b TSP removed
2. Telescopic chutes

Cohtrol-efficiency =.75% MRI, p. 6-6
Capital cost = $8,600

Annualized cost = $1,500

$1,500/yr
C/B = 3,000, 00C. tpy) (.75) (. 02 lb/ton}
= $0.03/1b TSP removad |
B. Rail car or barge loadlng

1. Wet suppre531on (chemlcal)

Control efflcmency = 80% MRI, p. 6-6
Capltal cost = $73 600

Annuallzed cost $36 000

$36,000/yr
(3,000,000 tpy) (.8) (.4 1b/ton}.

C/B

il

$0 04/lb TSP removed
2. Telescopzc chutes |

' Control efficiency_= 75% MRI, p. 6-6
Capital cost = $8,600

Annualized cost = $1,500

- $1,500/yr
(3,000,000 tpy) (- 75)( 3 1b/ton)

i

<$0,01/1b TSP removed



