2.20 BRICK AND RELATED CLAY PRODUCT MANUFACTURING PLANTS

2.20.1 Process Description

The mahufaéturing planté:which prodﬁce brick and related clay
?rdducts sudh as clay‘pipé,.pottéry,land:refractofy brick (this
category does not include cefamic clay manufaéturing) usuélly enmploy
grinding, screening, blending, forming; cutﬁing, dryving and firing
operations to produce a final éroduct. The basic raw material used
in this industry is clay;

Clay is composed of exﬁfemely fine crystals or:particles of
hydrated silicates of aluminum, iron or.magnesiuﬁ'with'Various impurities
which include powdered feldspar, guartz, sand, limestone and carbonaceous
materials such as cecal and pyrltles.l The unlque (and most desirable)
propertles of clay are that it is plastic when suff101ently pulverized
and wetted, Ilgld when dry, and vitreous when fired at a sufficiently
high tempe#atu,re.2 Surface clays and shales are mlned in open pits
while most fine clays are found underground.3 In general, the industry
wiil use clays that have enoughzﬁia35icity'£o be workable, contain a
low water of piasticity, eihibi£ iimiﬁéd dry shrinkage in terms of
size and mass, and have limitéd:firing shrinkage.?

. Theie'éfe three méjér technological prdcesses which can be used
to ﬁanufacture brick oflrelated clay produéts: the soft-mud process,
the stiff-mud process and the‘dﬁy {(or semi-dry) press Process.

In the softwmud»proceés, the clay mixture contains 20 to 30
percent water, and the desired pfoduct is formed in molds.” This
process is particularly suitable for producing bricks from sandy
clays that do not extrude well. One disadvantage associated with
this process concerné the cost of drying the water from these bricks.
Since the clay has a high water content, ﬁhe drying costs associated

with this process will accordingly be higher than those for the

stiff-mud and dry press processes.
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The stiff-mud process uses clay that has enough water content
(15 to 20 percent) to be reasonably workable and has normal drying
characteristics. This clay mixture is placed in a screw-type extruder
and ﬁprced through a die. The extruded clay bar, rectangﬁlar in’
shape, is then cut into the finished éroduct, dried and fired in a
kiln.® The stiff-mud (or extrusion) process is the predominant
method of producing brick and clay producﬁé in the_United States.

Finally, in the dry (or semi-dry) press process, a clay mixture
(4 to 7 percent water) is placed in molds and subjected to extremely
high pressures (approximately 5 tons per square inch), and then fired
in a klln.7 Although the brick or ware produced in this manner is
taken directly to the klln for flrlng wmthout the lntermedlary drying
processg, large amounts o§ energyv may still be needed to initially
predry the clay so© that it can be subjected to tﬁe pressing process.

Regardléss of which clay process is_used, the raw material is |
subjected to the same grinding, screening and blending processes in
order to obtain the specified size and composition. Some plants,
however, will ellmlnate the gr;ndlng and screening processes by
purchasing finished :aW mater1als. In all other 1nstances, the clay
arrives at the plant from a clay mine and is subjected to preliminary
crushing. . | |

The crusher normally used for grinding is a pan crusher which.
consists of one or more grinding wheéls or mulleré.revolving in a
pan. The pan may remain.stationary while the mullers aré &riven, or
the pan may be driven while the mullers revolve by friction.?

Next, the clay is transferred to sizing scﬁeens. The proper
sized clay particles pass through the screens and are subsequentiy'
conveyed to large storage bins. The oversized ma@erial from the

screens are fed into a hammermill, reduced in size and recycled to

the inlet of the screens.
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From the storage bins, the clay is supplied to the mixing machines
by use of either vibratory feeders or rotary disc-feedexs.‘ In the
mixing machine (usually a pugmill), water and additives are added.

After mixing, the clay material is formed by means of either the
soft-mud, stiff-mud or dry prégs process. The products of the softe
mud and stiff-mud processes aré ﬁsual}y placed in drying rooms before
firing in a kiln. In these drfing rooms, the drying pfocess is
accomplished partially by usingiwasté'heat from the kilns.1? The
products of the dry press process go directly into the kilns.

The final step in the prééﬁction_process is the firing of the
brick or ware in a kiln. Althbngh éeveral types of kilns are in use
today, practically all mddernlbiick and tile plants use a tunnel kiln
to fire their ware.ll

In the operation of a tunnel.kilﬁ, the brick or ware moves
continuously on cars through tﬁe“kiin as indicated in Figure 2.20-
.12 As the ware moves, it ié graduaily:heate&, reaching a maximum
temperéfure in the area bétweehfthe furnaces. The charge is then
cooled as it passes out of theikiln. Air is passed through the kiln
countercurrent to the direction of moﬁément of the ware. Cold air is
forced in the discharge end of the kiin to cool the charge. Some ajr
is withdrawn from this section for use as the primary air for combustion
in the burners. The temperatures of the air exiting the kiln range
from 320 to 640°F depending upon the length of the preheating zone.

The capacities of tunnel kilns vary from 100 to 250 tons/daY-l3
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The other type of kiln is the periodic (batch) or beehive kiln.
In the periodic kiln, as shown in Figure 2.20-2, fires are built in
furnaces (B) and heat passes through openings (S) up to the dome of
the kiln. The hot gaées are deflected downward through the ware,
through the flue covers (A) and the under-floor £lues {F), into the
chimney flue (D), and out the chimney (C).

In all kilns, the firing process subjects the brick or ware to

six changes:l4
1) the chemically uncombined water is drlven off
2) the.CIay undergoes decom9051t10n along w1th llberatlon of

thé“comblned water;
3) thé,COmbustlon and removal of combustlble matter occurs;
'.é)ﬁﬁfdecomp051tlon of 1mpur1t1es occurs,_
ﬁfS)  ;part1a1 comblnatlon of some of the lmpurltles with the
| '5111ca and alumlna from the clay occurs, and a molten
| ff glassy material is formed: and B
f 6j ' ﬁ§6n7coo1ing,”éhe'glassy material bonds the solid particles

“ a;together, formlng a tough, hard product.

The temperature of the ware is raised slowly to allow the water
and productS-ofzcombustlon to escape without damaging the structure
of the ware. .The temperature (maximum temperature = 2000°F) of the
kiln and the length of time the ware is fired determines the amount
of glassy material formed.

At brick and related clay products manufacturing plants, the
sources of fugitive dust emissions include raw material unloading,
primary crushing, and vehicular traffic on plant roadways. The
secondary crushing or grinding and screening processes are usually
conducted indoors to prevent exposure to moisture; and, therefore,
are—not sources of fugitive dust emissions. The fugitive dust sources

and a process flow diagram are shown in Figure 2.20-3.
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2.20~2 Fugitive Dust Emission Factors

The estimated fugitive dust emission factors for sources at

brick and related clay manufacturing plants are identified and summarized

rk

in Table 2.20-1. The scuxce of the citesd factors is EPA's "Technical
Guidance for Control of Industrizl Process Fugitive'PartiCulaté
Emissionsf. The factors givén are based upon engineeﬁing estimates
and are of questionable accuracy for site specific applications.

No fugitive dust emissidn factors were found for any other
individual process operations such as screening, material transfer or
secpndary grinding. The major sources of fugitive dust appear to be
truck unloading, primary c;ﬁShing, and traffic on plant haul roads.
In_those instances where sﬁbféée, secondary crushing and screening
are conducted without adequate enclosure and visible emissions are
apparent, measures will have to be adopted to either further enclose
sﬁch operations or otherwise_control such fugitive emissions. 1In
Ohib, however, the majority of these processes are conducted indoors,
whére little, if any, dust generated escapes into the ambient air.

Since both material handling and haul roads were discussed in
detail in Section 2.1, they will be addressed only briefly in this
gﬁideline,

2.20.3 Particle Characterization

Chemically, clays are hydrated silicates of aluminuh, iron and
mégnesium with various impuxities. The_toxicity depends upon the
silica {8i07) content of the-élay, Clay (usually Al503.51i02.2H0)
has a molecular weight of 258.2 grams/mole, is insoluble in water,

and can be toxic if it is inhaled at high concentrations over a

prolonged period.16
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TABLE 2.20-1. FUBITIVE DUST EMISSION FACTORS FOR BRICK

AND RELATED CLAY PRODUCT MANUFACTURING PLANTS

~—

-

crushed

Reliability
Source ~ Emission factor ~rating Reference
1 ) Truck unloading 0.04 1b/ton E 22
unloaded _
_{?gﬁ Primary crushing 0.25 1b/ton E 22
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A study conducted by the National Institute for Occupational
Safety and Health determined that exposure to respirable free silica
was téxic at the @anentrations found to exist at a Boulder, Colorado
brick manufacturer.1§ A TLV'ofIBO millién particles per cubic foot
has been determined for clay.1? |
No particle size distribution data could be found for the identified

fugitive .dust emissions.

2.20.4 control Alternatives

Fugitive dust emissions generated by truck unloading and primary
crushing can be abated through the application of chemical dust
suppressants, enclosure with aspiration to a fabric filter 6r partial
enclosure using a three-sided building.

A typical wet dust suppression system contains the following
components: a dust control agent, metering equipment, a distribution
system, and control actuators.1® The dust suppressant should bhe
applied duriné the unloading operation by use of a spray bar located
above the dump hopper. This will reduce the visible dust emissions
generated during the dumping operation and subsequent crushing.

While no measurements have been made to test the efficiency of this
process, it is reported to be about 90 percent efficient.19

The fugitive dust may also be captured by a hood or duct located
above the unloading area which is aspirated to a fabric filter dust
collector.

Lastly, a three-sided enclosure over the truck dumping and
crushing area can be an effective measure to reduce the amount of
fugitive dust emitted. Many brick and clay product plants employ
such a structure over this area, although not generélly for purposes

of air pollution control.
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Although, as previously mentioned, storage, secondaiy crushing
and screening operations are generally conducted indoors with little,
if any, discharge of fugitive emissions, adequate control measureé |
such as improving existing enclosures, installing new enclosures, wet
suppression devices or other controls may be necessary if the existing
facilities are unable to adegquately contain the fugitive dust emissions.

Roadways and parking areas on plant property can be a significant
sources of fugitive emissions depending upon the type of road surfaces.?1
Road surfaces aré gseparated into two general categories: paved and
unpaved. Generally speaking, for paved surfaces, sweeping, flushing,
speed reduction and good housekeeping practices are typical methods
of control. Dust suppressants, road oiling, paving or vehicular
speed reduction are the typical methods cited for the control of
fugitive emissions from unpaved roadways. |

2.20.5 Recommended Reasonably Available Control Measures (RACM)

The RACM selections for control of fugitive particulate emissions
from brick énd related clay product manufacturing plants.are presented
in Table 2.20-2. Recommended control for raw material ﬁnloading and
primary crushing is the use of a chemical dust suppression system.
This‘system provides good control effectiveness (90 percent) and
reduces fisible émissions significantly. Recommended control measures
for the storage and/or secondary screening and grinding operations
located at facilities without adequate enclosures (i.e., visible
emissions noted through building openings) will be to either further
enclose such operations or install controls (such as wet suppression) .

RACM for the cdntrol of fugitive dust from roadways are discussed

in Section 2.1.1 of this guideline document.
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APPENDIX FOR SECTION 2.20
Three sided enclosure

20x20 + 20x15 + 20x20
400 400 300
Total area = 1100 ft2

Mass = 1100 £t2 (5.625 1bs/ft2) (1.2)

I

Mass 7425 lbs

Pg. 4 25 GARD Enclosure Cost = ($ 208 + $ 30) (7425 lbs)

Enclosure Cost = 3,770 labor materials
Dec. 75 : : :

‘Update to Jan. 1980 ($3,770) (249.6) _
: (192.1) = $4900

UAE = (4900) (.1598) = 783.02 = 800
Cost benefit R
75 tons/hr throughput
2000 hrs/yr operation
150,000 TPY

. three-sided enclosure -~ control efficiency - 50%

EF = .29 lb/ton =
" (.29) (150,000) = 43,500 1bs
(.5)(43500) = 21,750

800 _ S
2T750 $.036 /1lb reméved.

Wet suppress;on

43, 500 lbs
(95%)(43 500) = 41,325 1lbs

15,700
41,325

Enclosure with vent to fabric filter

= ,38

43,500
(.99) (43,500) = 43,065

21,000

13,065 ~ -39



2,21 ASPHALTIC CONCRETE PLANTS

2.21.1 Process Description

Asphaltic concrete is manufactured by combining various propor-
tions of fine and coarse aggregateé in a mixer with either a hot
asphalt or a cold (cutback or gmglsified) asphalt.l The aggregates
are composed of different sizes of sand and gravel which are highly
siliceous with quartzose gfains;zll

There ére fhree differéht tvpés of hot mix asphaltic concrete
plants: batch continuous and dryer-drum The batch and continuous
processes dlffer only in the fipnal mixing process (1 e., both have
basically the same pattern of nmaterial flow up to that point) ., 3

In the batch plant, the aggregate is loaded onto. the feeder and
conveyed to a fotary dryer. ,After drying, the material is sized,
weighed and loaded into the mixer.4 The hot asphalt is weighed
separaiely and then placed into the mixer where the aggregate becomes
evenly coated with asphaltos . |

In the continuous process, the 51zed and proportlonad aggregate
is conveyed to the mixer. A posxtlve dlsplacement meterlng pump
automatically meters the correct amount of asphalt and thoroughly
mixes the material in the pug@ill._ The aggregate and asphalt feeds
are positively interlocked to insure that proper proportions of each

material are introduced into the mixer. The retentlon tmme in the

mixer is controlled by an adjustable dam located at the dlscharge

point.®

Simplified process flow diagrams of typical continuous and batch

plants are shown in Figures 2.21-1 and 2.21-2, rg$pectiyely.
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In the dryer-drum process, the proportioned aggregates are fed
to.a continuous belt, weighing unit which in turn feeds the dryer~
drum. ’ At the same time, an adequate amount of hot asphalt is
continously injected directly into the dryer-drum to coat the aggre-
gates.8 In the dryer-drum, the aspha}t/aggregate mixture is dried

 to form the desired asphaltic concrete product. This process eliminates
.the hot screens, feeder bins, and elevators that are used in both

?the batch and continuous processes.9 A process flow &iagram of.;{”
'typlcal dryer-érum plant is shown in quure 2.,21~3.

One process for manufacturlng cold-patch asphaltic concrete
utilizes a "cutback" asphalt which cbntains solvents and oils that

wwill give better aggregate coating properties and extended curing

10 Cold~patch asphaltic conqreﬁe can be made in either a

ltimes.

jbatch or continuous process. The Qéerating méésures for the prqduction
.“of cold~patch asphaltic concrete are similar to those for'hot—mix

.aSphaltic concrete except that thé dryer for the'coid—patch process

is operated at lower temperatures. 1l
. In another process for manufacturing cold-patch asphaltic con-
icféte, an emulsifying agent and water are substituted for the petro-
leum distillate and oils used in the cutback procgss.l2 This emulsion
is then mixed with aggregate tb form cdld—patch-asphaltic concrete.
There are no process or equipment changes associatéd §ith the use of
emulsified asphalt over the cutback process.l3 The ﬁéjor advantage
to the use of emulsified asphalt is that it-greatly reduces the
amount of volatile organic compound emissions that are released
through evaporation of distillate in the curing process since no

petroleum distillates are used for making the ailuent.l4
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The capacities of asphaltic concrete plants range from 50 to
350 tons per hour with an average capacity of 163 tons per hour.15
Typically, asphaltic concrete plants fall into two general categories:
those that produce less than 100,000 tons per yvear and those that
produce more'than 396:000 tons per.yearll6
At asphaltic concrete plants, the major sources of fugitive
duét Are rdadways; agérégéte séérage ?iles, and aggrégaté handling
.éﬁérAtions; The hot aggrééété elevafbrs, their transfér'points and
the vibrating screens are not considered to be sources_of_fugitive
dust emissions, because these areas are always enclosed and vented
to the dust collector for the rotary dryer.l? Therefore, the above-
mentioned enclosed areas.wili be considered as a part of the fpoint
source” emissions. The emissions resulting from roadways and mineral
extraction from guarry pits are discussed in Sections %.1 and 2.18
of this study. |

2.21.2 Fugitive Emission Factors .

The uncontrolled fugitive emission factors for fhe production
of asphaltic concrete are presented in Table 2.21-1. The factors
vary depending upon the type of operation involved!® ana théacémposition
ot the ariea sgoregace.™

The emission factors for the storage 6f'coar5e aﬁé fine agéiéé
gates are derived and discussed in.Section 2.1.2 of these guidelines.
The emission factors for material transfer operations were obtained
from a document entitled "Assessment of Fugitive Particulate Emission
Factors for Industrial Processes” (EPA-450/3-78~107), and are based
upon similiar material processes in other industries.ze

The reliébility of the fugitive dust emission. factors given in
Table 2.21-1 have a "D" rating, which means that the factors are

based upon engineering judgment and supported by limited test data.2lr22
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TABLE 2.21-1 FUGITIVE- DUST EMISSION FACTORS FOR ASPHALTIC
CONCRETE MANUFACTURING

' ' o Reliability
< Source Emission factox rating Reference
: (:) Storage of coarse’
and fine aggregate
loading onto pile 0.04 lb/ton loaded D 40
R - onto pile- : :
vehicular traffic 0.013ib/ton stored D - 40
" load out ' 0.05 1b/+on stored D : T 40
wind erosion 0.11 1b/ton stored D .. 40
: () Unloading coarse
: and fine aggregate .
to storage bins . 0.1 1b/ton loaded D 40
. : out .
. @ Cold aggregate 1 S
elevator 0.5 1b/ton aggregate} - D 49

|
F
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2.21.3 Particle Characterization

Studies indicate that the fugitive dust particles‘from asphaltic
concrete plants range from 0.1 um ﬁo more than 300 um,23 with about
90 percent of the particles less than 10 um in size. 24 .The exact
size dlstrlbutlon of the fugltlve dust Wlll depend upon the amounts
of coarse and fine aggregates used in the asphaltlc concrete mxx.zs

The chemical composxtlon of the fugitive dust will vary w1th
the type of aggregate used. Aggregate usually consists of rock,
gravel sand, flnes26 or waste materlals such as slag from steel
mills and crushed glass 27  7The prlmary compound found in sand,
gravel or glass is srllca (8102) or stone quartz. Sand and gravel
w111 contain varylng amounts of 5111ca and impurities such as
feldspar, mlca, 11mom1te and other iron ox1des and m1nerals.28
Asphalt san& (or grave‘) is usually a clean szllceous sand of
meﬁlum grain and sharpness used for the manufacture of asphalt
pavemen£.29 o | “ - |

Slllca in 1ts pure form is a crystal with a molecular WElght of
60 09 grams/gram—mole, a meltlng poxnt of 1710°C, a bo;llng pornt of
2230°C and a vapor pressure of 10 mm of Hg at 1732°C 30 The pro— '
longed breathing of silica is the chlef cause of pulmonary dust “
.dlsease or s111cosms.3l This dlsease is characterized by generalmzed
fibrotic changes end the deVelopmeﬁt of miliary nodules in the
lungs.32 'As the disease progresses, it substantmally impairs
breathlng capaclty and 1eaves the victim susceptible to tubercu1031s;
cardlac fallure or anoxemia (1ack of oxygen) as a result of the

destructlon of lung tlssue.33
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The major compounds found in slag from steel mills areﬂcalcium
oxide, magnesium oxide and silica.34 cCalcium oxide (Cao) has a
melting point of 2580°C and a density of 3.37 grams/cm3. It is a
powerful caustic to living tissue. 3> Magnesium oxide (MgO) in its
pure form has a ﬁelting point of 2500°C and a density of 3.65 grams/cm3.
When inhaled it can prodﬁce a febrilercation (fever) or leukocytosis
{an increase.in white blood cells).36 | |

2.21.4 Control Methods

The largest poteﬁtial source of fugitive emissions within the
industry results from exieting aggregate.storage oiles and plant
roadways. | |

The control technlques utilized for redu01ng emissions from
aggregate storage plles 1nc1ude the use of enclosures, w1nd screens,
the applloatlon of water and/or chemlcals and reasonable operatlng
precautz.ons.37 .Whlle total enclosure of the aggregate storage plle
is the most effectlve method of preventing fugltlve emissions, lt is
also the mOSt‘expensive.- Wind screens are an alternative to total
enclosure, but they are not aa efficient. The use of.water and/or
chemicals for dust suppression.is the most coﬁmoﬁ measﬁre.for the
control of fugltlve emissions. “ |

Roadways and parklng areas on plant property can be a srgnlflcant
source of fugltlve em1551ons depenalng upon the amount of trafflc and
the type of road surface.38 Road surfaces are separated 1nto two
general categorles: paved and unpaved Generally speaklng, for
paved_surfaces,.sweeplng, flush;ng, vehlcular speed reduction and.
good housekeeping practices are typioal methode of coatroi. bﬁst
supressants, road oiling, paving or vehicular speed.reduction are“the
typical methods cited for the control of fugitive emissions from

unpaved roadways.

2467



The aggregate handling operations 1nvolv1ng the removal of
_aggregate from the storage site and its subsequent transfer to the
process operatlon are generally accomplished by‘use of a front end
loader. The fugitive emissions that result from this phase of the
operation are due to spillage and emissions resulting from unloading
which are simultaneocusly compounded by wind generated losses. The
control methods that are employed include reasonable care in handllng
to avoid spillage, the use of enclosures or w1nd guards wherever
possible and the use of wet suppression at the cold storage bins.

' The oontro;”ﬁethods'discuesed above in reference to aggregate
storage piles, roadweye'andzmaterial handling are discussed in
detail in Sections 2.1.1, 2.1.2 and 2.1.3 of this document.

2.21.5 Recommended Reasonable Available Control'Measures {RACM)

Control for storage piiés comﬁonly consists of wet suppression
(water or chemical) in the form of a sprinkling system plus a partial
enclosure (or wind break). See Sectiocn 2.1.2 for a detailed discussion.

' The dusting that occurs while loading the aggregate into the
cold storage bins is minimized by use of a sprinkling system located
at the cold bin.3? Fugitive dust emissions from loading operations
can also be reduced somewhat_gy lowering loadniﬁ drop. distances.

For paved roadways the recommended control measure is use of
water flushing supplemented by a good housekeeping program to minimize
spills and carry-on dirt and mud. For unpaved roads, RACM is the use
of 0il or other dust suppressants coupled with general speed reduction.
Paving is justified only where it would be economical to the individuel

plant. See Section 2.1.1 for detailed discussion.
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2,22 CONCRETE BATCHING PLANTS

2.22.1  Process I:)escn::tp-l:,z.cm'i

There are three general types of concrete batcheng plants.

They are batching {lnto'transxt-mlx trucks) plants, central-mix
Pplants and dry-batching (into flat-bed trucks) plants. i

Concrete batching plants store, convey, measure and blend the
components for making concrete. The plants are smmllar in the method
by which the solid raw materlals (sand, aggxegate and cement) are ‘
- received, stored, transferred and blended, but dlffer w1th resPect to
where the water is added to the mlx.z |

The raw materials are dellvered to the plant by rail or truck.
The cement is transferred pneumateoally (most commonly) or by bucket
elevator to elevated storege s;los. The sand and aggregate are
generally stored on the ground and transferred to elevated bins via
~ belt conveyor or bucket elevator. From the overhead bins, the
materials are dropped into welgh hoppers whloh welgh out the proper
- amount of each materzal._ o , o

| In batching plants that load transxtﬂmlx trucks, the welghed
aggregates and cement are dropped into a recelvzng hopper° The
required amount of water 15 lnjected into the flow1ng stream of solids
as the mixture of material. is emptled from the receiving hopper into
the transit-mix truck. The transet-mlx trucks mix the batch en
route to the site where the concrete is to be poured.

Dry-batch plants mix sand, aggxegate and cement and then dump
this dry mix into flat-bed trucks. These txucks transport the batch
to paving machines at the job site where water 1is added and mixing
takes place. |

A central-mix plant uses a centrally located mixer to make wet

concrete. The wet concrete is emptied into open-bed trucks and

2-471



transported to tho job site where the concfeté is to be poured.

A process flow diagram for concrete. batch;ng is shown in Figure
2,22~l. One of the fugltlve emission sources which is common to all
concrete batch plants, but not specifically included in this section,
is plant roods. Disoussioh of this fugitive dust source is presented
in Section 2.1. dther'fugitive emission sources at concrete batching
plants include ﬁhe sand and aggregate storage areaé, transferring
apd conveying_operations, cement unloading, cement silo vents, weigh
hopper loading} mixer 1oading (oentral-mix plants), transit-mix truck
- loading operatlons (batching plants) and flat-bed truck loading
| operatlons (dry-batchlng plants).

2.22.2 Fugxtzve Dust Em1551on Factors

The potent;al souroes of fug;tlve dust from concrete batching
are shown in Table 2 22-1, along w;th +he corresponding emission
factors. All of these factors are basea on either englneerlng
judgment or visual observat;ons.' Mo detalls are available concerning
_the methodology of development. The reliability of these types of
est;mates ;s poor. | B |

The emmssxon factors for plant haul roads are not included in
Table 2. 22-—1° Em1551on factors for these sources are listed in
Sectlon 2.1.

2.23.3 Partlcle Chaxacterlzat;on

_ Practlcally all the fugltxve dust generated at concrete batching
plants is oement dust sxnce most of the sand and aggregate used is
~ damp. The;efore,’this soctioﬁ will only concentrate on particle
characterisoico of cement'du5£._ |

The typical oxide composition of cement dust is as follows.3

2-472



*SBIAN0S UOSS )P wump:u_ﬂg_. ?.;ﬁ_m:.._ pajepoosse :
pue Bujyojeq 83945u03 Jos weabeyp MOL$ $SD004d paypids  {-22°Z Sunby

(HOsye-Ruu) T {9NIHILVE)

WML QRG-IVEL - C 0 uENIH LISHVEL

(XN VaLH40) ~ 3 o
NONYL BN

(XD

(SINVD3 XTH-TVHLINED)

HANIH

Sudsd0l
LT

¥

(3316vL KIOVH ONY ¥OLIV4

5m:25-
wum_smw mﬂ.u wwﬁam @

JIUN0S NOISSING ¢
IATEIONS WilN3L04 J

“QNION

SIVDIOY |

BOIVATTZ

[9VHOLS
os sHid

INEHRD - #ovdolzs
aaLyaEia GaLyARIa

aHY aHVS

AIVOHIDLY

J1IVHNENG

<Y
-

\

LN

&
n\,’w
&

-~ 7
A i
' \ ¥
r.! B % e
' "

2-473



TABLE 2.22-1. FUGITIVE DUST EMISSION FACTORS FOR CONCRETE BATCHING PLANTS

) Reliability
Source Emission factor rating Reference
(:) Sand and aggregate )
storage '
loading onto piles 0.04 1b/ton D 2
' ' loaded |
vehicular traffic 0.04 1b/ton D 2
' stored
- wind erosion 0.11 1b/ton .. . D 2
' : stored _
- loadout frbm piles 0.05 1b/ton D "2
o - loaded i
(:)f:. Transfer of sand and{ 0.04 1b/ton E- 2
- aggregate to - handled .
- elevated bins s
_ * Cement. unloading to | 0.24 1b/ton E 2
= - elevated storage unloaded _
silos *- o . .
Silo vents 0.24 1b/ton £ 2
unloaded
;_- Weigh hopper 1oading;' 0.02 1b/ton E 2
. of cement, sand 1oaded
and aggregate |
" Mixer.loading of | 0.08 1b/ton 3 2"
"~ cement, sand and Joaded
© aggregate {central-y -
v mix plant) |
(@)  Loading of transit- | 0.02 Tb/ton . E 2
mix truck {batching S
plant) - .
Loading of flat-bed | 0.04 Tb/ton - E 2

®

truck (dry-batching
plant)
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FPugitive Emission Oxide Composition,

Compound - Percent By Weight For Cement Dust
Silica ' g 18-23

Al03 | 3-8

Fea03 ' - 1-5

CaC 61~66

MgO . a ' - ‘0=5

503 2-4

Free Lime - : 0=-2
 Minor Compounds 0-1

 The Ameiicaﬁ Conference of Gpverﬁﬁentalllndustrial Hygienisﬁs
has established levels for which airborne chemical compounds could
be tolerated without adverse effects on humans.?  0f the above
compdﬁhds; aluminum oxide, irdn'oxide,lmagnesium oxide and free lime
are donsidered,nuisance substances which can be tolerated at relatively
hiéh:ieﬁels. Silica ﬂay'be hazardous depending upon the amount of

quafﬁz contained in the silica. Calcium oxide can be tolerated at

‘levels up to 5 mg/m> .

Particle size characteristics of the dust vary according to the

grades of cement. A range of 10 to 20 percent by weight of particles

< 5um in size is typical for the various grades of cement. .Table
2.22-2 summarizes the particle size distribution and bulk density of

three common grades of cement.s

Table 2.22-~2. Physical Characteristics of Three Coﬁmonﬁcradés of Cement

Characteristic e Weight Percent of Cement -
Particle Size (um) Grade 1 I Grade 11 Grade III
0 to 5 13.2 9.6 - 21.8
5 to 10 i5.1 16.6 . 22.5
10 to 20 25.7 18.8 26.7
- 20 to 40 29.0 36.6 23.6
40 to 50 7.0 10.4 5.4
50 to 66 - 5.0 6.0 0
66 to 929 . 4.0 2.0 0
99 to 250 1.0 0 0
250 (60 mesh) 0 0 0

Bulk Density
(1b/££3) 54.0 51.5 62.0
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2.22.4 Control Methods

This section discusses all available control methods for the
fugitive dust emission sources at concrete batching plants.'

For the control of fugitive dust emissions from sand and
aggregate storage piles, several control methods are available.
For loading onto piles, the available control methods are stone
ladders, wet suppression (chemical) an& telescopic chutes. Loading
out operations may be controlled by the use of wet suppressien
(chemical) , watering and underpile conveyors which have a gravity
feed to conveyors. For control of wind erosion emissions, the
available control methods consist of enclosure (storage bins or
silos), wet suppression. (chemical) and watering. Lastly,_fugitive
dust generated.by'vehicular traffic associated with storage pile.
activities may be controlled by use of an enclosure; wet suppreesion

(chemical), watering and by using traveling booms rather than.

. vehicles to distribute material.

For control of fugltlve dust emissions from plant roadwaye'and
parking areas, the reader is referred to Sectzon 2 l 1 of thls
document. N

The amount of fugmtlve dust generated during the transfer of
_sand and aggregate frcm storage to ‘elevated storage bins depends
prxmarlly on the surface molsture ccntent of these materlals.; ?Q
‘ ensure that the materlal is suff;cmently momst to prevent dustlng,
water sprays may be applled at the feed, transfer and disqharge
points- of the belt conveyor or bucket elevator system To prevent
wind losses, most plants partlally or completely enclose the conveyor
system Or use wateringlahd/or chemicai dust suppxessantsgs': In
addition, transfer points may be exhausted to fabr;e'filte:s for
control. Section 2.1.3 and 2.18 fu&ther discuss transfer and
conveying sources in detail. .
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A typical cement-receiving and.storaée systeﬁ is shown in
Figuré'2.22~2.7 The rgcéiving hopper is at or below ground level.
If it is designed to fit‘the canvas discharge tube of the hopper
truck, little or no dust is emitted at this point. After a brief,
initial puff of dust, the hopper fills completely, and the cement
flows from the truck without any free £fall. ‘

Cement elevators are either the vertical-screw type or the
enclosed-bucket type. Because both are totally enclosed, neither
emits any dust if in good ccndition.8

The cameﬁtusilé ﬁust be vehted to allow the air displaced by

the incoming cement to escape. Unless this vent is filtered, a

significant amount of dust escapes. Control can be accomplished by

venting to a central dust collecting system or a single collector
placed on top of each siic. A fabric type of collector is most
often used to vent the cement silo. A fabric "sock™, that is placed
on each silo vent, can be operated without an exhaust fan when the
material is delmvered to the silc by bucket elevators because it is
szmply used to fllte: the small volume of air that is forced cut.g

Pneumatic transfer of cement to elevated storage s;los from

‘trucks and railcars equxpped with compressors and pneumatlc delivery

tubes is finding increased application over cement transfer by
pucket elevator.l® Pneumatic transfer el;mlnates emissions between
the truck or railcar and the cement silo ana'requireé control only
at the cement silo vent by fabric filters. In plants receiving
cement pneumatically, use éf a fabric "sock” (filte?ed vent used
for the gravity filling of cement) is inadequate.ll
The volume of conveying air required in the pnéumatic delivery
system is aboﬁﬁHBSO cfm to 700 cfm depending on the loéding cycle,

etc. 12 Since the air is being forced intb the silo, the baghouse

will require a blower in order to relieve the pressure inside the
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Figure 2.22-2. Cement-receiving and storage system.
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silo, and allow flow through the fabric filter. A mechanical shaking
meéhanism also should be provided to prevent cement from blipding the
filﬁer cioth of the baghouse. A vent rate of approximately 1,200 to
.l 300 cfm is generally requlred.l3 The negatlve pressure created by
usmng a forced draft also prevents dust leakage around access doors
and other openings. .

. Another less expensive type of control measure is to mount a
ﬁank 6f appioximatély four simple bin vent filters atop the silo. The
fiitéring #élddity should not exceed 7 cfm, giving a filter cloth area
.of.apprdﬁimatély 100 sQuare feet for the.700 cfm of air encountered
at the end of the cycle. The filter design must include a shaking
ﬁééhahism:té'pkevent'biinding of the filter cloth. The major
.éiéadvantégé of using a bank of several simple bin vent filters as
just described is the possibility of pressure build-up within the silo.
If;.foé'some reason, the filter should become blinded, there is a
dangér of rupturing the silo. Therefore, proper maintenance and
.ré§ﬁlétfiﬁ§§écticn of the filters are essential.l4
o Where baghouses are used to control other larger cement dust sources
as those exzstlng in a dry-batching plant or in a central-mix plant,
the cement silo can easily be vented to the same baghouse.ls__

| The rapid discharge of sand, aggregate and cement into the weigh
hopper generates emissions that may Ee contrélled by venting the
. displacé& air to the individual storage bins and silos or by venting
it directiy to a céntral'cdntrol system.
Fugitive dust occurring from air displaced as dry materials are
diécharged from the weigh hopper into the mixer it a central-mix

plant cah be considerable.. A mobile hood placed over the outlet of
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the discharge end of the mixer coupled with vghting to a fabric
filter can accomplish effective contrel. When the mixer is ready to
be dumped, this hydraulically operated hood is swung away fréﬁ‘the
discharge end. For a hood of this type, the lndraft face veloc;ty
should be approximately 1,000-1,500 ft/min Lnlo;der to adequately
capture the fugitive dust.l6

At batching plants that load transit-mix trucks, the drop?ing of
a batch from the weigh hopper to the transit mixer can éausa cement
. dust emissions from several points. in the loading of transiﬁwmix
trucks, a gathering hopper is usually used to_contrql_the flow of
méterials. Dust can be emitted from the_gathering.hoééer, the truck-
receiving hopper and the mixer. The design and Location of the
gatherlng hopper can do much to minimize. dust emxssxons. The hopper
should make a good £it with the truck~recemv1ng hopper, and ltS
vertical position should be adjustable. Figure 2.22-3 ;llustrates a
design that has been successfully utilized for mlnxmLZLng ‘these dust
emissions.l? Compressed air cylinders raise and lower the gatherlng
hopper to accommodate trucks of varying heights. A steel plate with
. a foam rubber backing is attached to the bottom of the.gathering
hopper ‘@nd is lowered until it rests on the top of the truCk*IGCElVLBQ
hopper; Water for the mix is introduced through a jackat around the
discharge spout of the. gathermng hopper and forms a dust—reducxng
'curtgln. By discharging the cement hopper lntO the center of the
aggregate stream, and providing choke feed between the we;gh hopper
and the gathering hopper. dust emissions from the top of the gatherlng
hopper can be minimized. For plants that dqn‘t_havé this type of
gathering hopper, an enclosure or a hood yented to é baghquse and
made of sheet metal which totally encloses the transit-mix truck-

receiving hopper. when in place, may be used.
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Most plants that do dry-baﬁohing also do‘batching with transit—
mix trucks: therefore, the weigh hoppers must:be high enouéh to
accommodate the transit-mix trucks. Since the receiving hopper of
most transit-mix trucks is several feet highér thanlthe top of the
flat-bed trucks used to haul the materials in dry-batching, there are
oonsiderable fugitive emissions from the fall of material when a dry
batch is discharged° Because the plant operator must view. the
operation and because the truck must have freedom of movement, ihis
is a difficult operation to hood.: The truok bed is usually divided
into several compaxtments, and the batoh 15 dropped into each
compartment. This necessztates movxng the truck after each drop so
another compartment of ‘the: truok can he loaded. A canopy-type of
hood, just large eﬁough to covex one compartment at a time, provides
effective dust pickup for ﬁentzng to a fabrlc fllter and affords
adequate visibility. The s;des can be made of heavy rubber to give
the hood some flexlbmllty and prevent damage lf a truck hits it.
The hood is sometlmes mounted on ra;ls to perm;t it to be withdrawn
Aand allow hatchxng into- transmt—mlx truoks. The exhaust volume
required to collect the dust varies wmth the shape and position of
the hoods. Wlth raasonably@good hoodlng, the required volume is
approximately 6,700 to ?,000 ofm;ls

A conscientious hoﬁSekeéping program; which includas_sucﬁ
measures as prompt cleanup of spills, maintenance of convefing
equipment to prevent leaks; and proper handling and disposal of the
material collected by fabric filters, is necessary to complete the
overall effectlve control of fugltlve emissions at concrete batching
plants.

Table 2.22-3 summarizes the available control techniques, their

effectiveness and estimated costs, and the RACM selections.
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2.22.5 Recommended Reasonably Available Control Measures (RACM)

The RACM selections for concrete batching plant fugitive sources
are presented in Table 2.22-3. The recommended contrel for sand and
aggregate stockpiling, as well as the transferring of sand and
aggregate to elevated bins, lS a wet dust suppreSSLon system utilizing
a chemlcal wettlng agent. ThlS system glves goo& control efflcmency
(estimated 30%24) end reduces visible emissions to almost zZero
percent opacity.23

For vehicular traffic at sand and aggregate storage.areas, the
use of wet suppress;on (chemical) on unpaved storage areas ls
recommended. Wetting agents which are sprayed onto the materlal
during prooessxng or at transfer poxnts retaln thelr effect;veness
in subsegquent storage opexatlons, because they retaln surface moisture
for extended periods, thereby preventlng dustlng. |

Recommended control for cement unloading to elevated storage
51105 is the use of enolosures. This is feasible heoause most plants:
already control these emissions in this way: | f | o -

The szlo vents (pneumatmc loading to silo) can be controlled
either by a central control system which controls fugltlve em;ssxons.;
from cement dust sources, such as those exlstlng zn a. dry~batch1ng .
plant or in a central-mix plant, or by a bank of approx1mately four .
simple bin vent fllters on top of each szlo. These controls are
advantageous not only for their high degree of part;culate oontrol,;
but also for the added benefit of product recovery. | |

For silos which are loaded by bucket elevator, RACM is simply -
the use of fabric “socks This control method is adequate for such
systems because the air dzsplaced from the silo durlng such loading
is mlnlmal.

Where a central oollectzon system is not employed, the weigh ~

hoPper emissions may be controlled by venting back to the bins oxr silos.
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For mixer loading of cement, sand and aggregate at central-
mix plants, RACM is“the use of a mobile hood with exhaust to a
central fabrlc f;lter._ D |

The em;ssxons occurr;ng durlng the loadlng of the transmtwmlx
trucks (batchlng) can be controlled by either enclosure or by
choke faedmng through the use of an adjustable gatherlng hopperr
”“whlchever is more econom;cally faaszble for each spec;fmc plant
affected. | o

The use of canopy—type hoods w;th ventllatlon to a fabric

filter is recommended for the loadlng of flatﬂbed trucks at dry-

'_ :bat¢hing plantso"
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APPENDIX FOR SECTION 2.22

A Typlcal Concrete Batch Plant Has The Following Data:

89, 000 T/yr concrete produced
2,000 hr/yr :

Raw materlal quant;tles were calculated on the basis of the followzng
percentages (by weight) of the concrete produced°

sand & aggregate ' - 85%
cement 10%
water o _ 5%
sources
(D) covered in PEDCo’'s ﬁxite-up tn Section 2.1, General Fugitive
(2) Dust Sources. : - : : s
C) "'From PEDCo's Wrztewup on Materlal Handllng In Section 2.1,
c/B _ __ . $200 |
= 7621 iB/T) (89,000 T/y%) (-10) (.70) $0. 13/1b TSP

Removed

@ Central Collection System - For Sources 4, 5, 6, & 8.

cfm flltef o :
_ _ o thru duct velocity ac = Area of Cloth
(A) Bin & Silo Vents 700 3 fom AR
(B) Weigh Hopper 32 3 fem 3 fpm _ 10,000 acfw
. - Ac
(c) Mixer 2500 3 fpm -
(D) Flat-bed Truck 6500 3 fpm Ac = 3,333 ft°
Loading
Total = 9732 = 10,000 acfm
[REx., 22] Baghouse Price [2910 + 1.6 (3333)] (249 6) _ .s10,710
' - T(Fig. 4-7) ( 2.1)
Costs of Bags 3333 ft? X 2 X §. 40/fﬁ2) $2666.4
(Tables 4-1, 4-2) (249.6)
d _(192 l) L 3;465
(D) Rectangular Hood (8' x 2.4') & Supports Costs
tﬁi&?’%ff7f“ﬁ:ﬁfiaﬁﬁlrﬁfﬁﬁ'?15&5%&%5“?3&32Eément 1+ 0.615(8)2
= 40 f2?
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(Flgc 4“19) I-Iabcr COSt R R N I 150
40 £t% x 5.625 lb/ft x 1.2 = 270 lbs. ‘

(p. 4-25) Hood Cost LG + $.208/1b (8)(4) + (.208)(270) = $90
L (249.6)
(192.1) = - 120
(Fig. 4-21)_Ductwork Cost 100 £t x $50/ft = $5,000 (249.6)
o o (192.1) 6,300

(<) Clrcular Hood (50°9) + quports Cost
(F:Lg. 4-18)Plate Area Requirement 1.343 x (40) 2% 165.8 £t2

(12)
- : (165. 8)(5 625)(112) = 1119 lbs.
(Fig. 4=20) Labor Cost - T 350
(p. 4=-25) Hood Cost (165. 8)(3 90/£t 3 + ($.108) (1119) =
70  (249.6)

: (198.1) - $350
plus, Hydraullcs for Swing-away {(=$1,000) $1,000 +

$350—‘ ooo-ooa-o.n.u 1 350
(Fig. 4~21) Ductwork Cost 100 ft x $50/ft = $5,000 (249.6) 6,500
: . _ o _ (192. l)=
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- (A) & (B) (Fig. 4-21) Ductwork Cost (50'+50' = 100"') 100 £t %
$25/f€t = 32500 (249.6)
) (192.1) = vvecocosssssss $3,230
(PFig. 4-24) Elbow Ducts (4) ($850)+($850)+($350) =
$2406 (249.6) -
_ (182.1) = eevvecsnevsesscsansess 3,120
(Fig. 4-26) Expansion Joints (4)- ($2375)+(2375)+($1623) =
$8000  (248.6) : -
] {192.1) ¥ «csesscscccssccsnsssnsce 10,400
(Fig. 4-40) Fans (23", Class 1I, Backwardly Curved, 4"
5Py 1200 Tom, 8 bhp $1600 (249.6) _
| : (1951 = vee.. 2007
(Table 4-5) Motor 68 + 18(8) = $212 (249.6) _ 275
(192.1) ~ 7

(Table 4-5) Mag. Starter 150 + 2.5(8) -7 00005¢(8%)
$173 (245.6) i
| (192,17 = ceeccocorassonaccsnacs 225

TQtHl C05t =.¢oo-e $48p494

- = Central Collection System Capital Costs

1) Eguipment Costs (control device + aux.'s) = $48,494
2) Tax & Freight (7% of 1) = " 3,395
3) Installation Costs (75% of 1) = 36,371
4) Subtotal (1 + 2 + 3) = 88,260
5) Engineering (10% of 4) = 8,826
6) Subtotal (4 + 5) = 97,086
7) Contingencies (10% of 6) = 970
g8) Total Capital Costs (6 + 7) = $106,795

Annualized COSts

Capital Charges R - PV = PV /n=30 1i=12%

R + (8.055) = $106,795
| R= $13,258
' Operating Costs (Fig. 46) ($.35/hr) (2,000 hr/yr) = $700
(249.6)
(197.1) = *$910
Maintenance (Table 4-12) $2136

Total Anngal Costs = $13,258 + $910 + $2,136 = $16,304

C/B. 816,304 _
(Central mix f“[E%s.ﬁﬁﬁ}(.loy(.24)+(89.666TT?§§)(.02) ¥
plants, sources(SQ.OOG){.SS)(.04}](,99)

4, 5, & 6 ) c/B = $2.28/1b TSP removed

C/B = __sle, 304 -
(nry-batchingi'TTﬁ?}oﬁb)(.lo)(.24)+(§§7665TT?§§1(.oz) ¥
sources 4, 5, (89,000)(.95)(.04)1(.99)

& 8) c/B = $2.28/1b TSP removed
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Silo Vent Emissions

Cement Elevator . . . . Pneumatic Delivery

Silo Capacity = 250 f£t3 “

Filter Velocity = 3 fpm k

Cloth Area = 200 £t

Air“Floﬁ Raté' = 350 cfm during most of loading cycle, increasing

to 700 cfm at end of cycle.

Control Device: Baghouse equipped with blower to relieve pressure

built up within the silo, and a mechanical shaking

Capital Costs

[Ref.

Annual Costs

mechanism. .

22] Baghouse | $43197
Fabric 208
‘Fan w/motor 882
Equipment _ 5,297
Tax, freight (7%) 371
Maintenance (2%) - 106
Install (75%) 3,973
Subtotal 9,747
Engr. (10%) 975
Subtotal 10,722
Contingency (10%) 107

Total Capital Investment = $10,829 (Jan.'80) = $10,800

(192.1)

Operating Costs ($0.35) (2,000+hrs/yr) = $700 (249.6) . so1p

Maintenance (2%) (10,800) = $216

Capital Charges PV =R - PV/ n =10 i = 12%

(5.650) R

.$10,800
$1,912

R

Total Annual Costs = $216 + $910 + $1,912 = $3,000

C/B

$3,000 '

- T 3T Tb/7) (89,000 T/¥) (.10) (.39)
¢/B = $1.42/1b TSP removed '
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Silo Vent Emissions 5

" [Ref. 51 Cement Elevator .... Pneumatic Delivery

Filter Velocity 7 fpm

Cloth Area = 100 f£t2

Air Flow Rate = 700 cfm

Control Device: Bank of approximately 4 simple

filtered vents atop the silo;
should provide shaking mechanism
to prevent blinding of cloth.

[Ref. 23] Collector with shaker = '$2/cfm (collector sizing):

700 cfm x 2 (2 to 1) = 1400 cfm x $2.00 = $2800
_ o - _ (Jan. '80)
Bags: (Table 4-2] (2) (100) = 200
(200) ($.40) =$80 (249.6) _
(i5z.1) - *i04
$2800 + $104 = $2,904

Capital Costs

1. Equipment Costs (control device & aux.'s) = $2,904
2. Tax & Freight (7% of 1) o = - 203
3. Installation Costs (40% of 1) = 1,162
4, Subtotal (1 + 2 + 3) ' = 4,269
5. Engineering (10% of 4} = 427
6. Subtotal (4 + 5) - = 4,696
7. Contingencies (10% of 6) = 470
8. Total Capital Costs = $5,166

Annualized Costs

operating Costs [Fig. 4-60] ($0.25) (2,000 hrs/vr) = $400

o (249.6) - o,

. L - (152.1) = $520
Maintenance [Table 4-12]: $103 L -

Capital Charges PV =R * PV/n=10 i = 12%
. _ (5.650) ‘R = $5,166 . o
; R=S 914 -
- Total Annual Costs = $520 + $103 + $914 = §$1,537 -
C/B = $1,537 - - o
(0.24 1b/T) (89,000 T7v7) (.10) (-99)
¢/B - $1,537 | o
2,114.6 1b/¥T
c/B = $.73/1b TSP Removed
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APPENDIX FOR SECTION 2.22

A Typical Concrete Batch Plant Has The Following Data:

390,000 T/yr
2,000 hr/yr .-

Sources

7 . .
E% Covered In PEDCo's Write-up In Section 2.1, General Fugitive
Dust Sources. . .

C) From PEDCO 8 erte—up On Material Handllng In Section 2.1.

(:) - Central Collecticn System - For Sources 4 { 5, 6 , & 8B

) cfm filter
thru duct velccity Ac = Area Of Cloth
() Bin & Silo Vents 700 3 fpm Lo PR oy
(B) Weigh Hopper 32 3 fpm 3 fpm_#.lofogg acfm
(C) Mixer 2500 3 fpm . L |
. {D) Flat-bed Truck o L _ _
i Loading 6500 3 fpm . Ac = 3,333 ft?
Total = 9732 ~ 10,000 acfm | o
[REF.20] Baghouse Price 12910 + 1.6(3333)] (249.6) = . ..$10,710

(Pig. 4-7) (192.1)

Costs Of Bags 3333 ££2 % 2 x $.40/£t2 = $2666.4
(Tables 4-1, 4-2) - - {249.6) ... ...
: M (T92.1) = . . . . 3,465

(D) Rectangulayxy Hood (8'x2.4') & Supports Costis 5

(Fig. 4~17) [L/W Ratio = 4] Plate Area Requirement . % + 0.615(8)
= 40 ft

(Fig. 4-19) Labor Ccst : s e e s e e e e e e e s 150

40 ft2 ¥ 5.625 1b/ftl x 1.2 = 270 1bs.

{(p. 4-25) Hood Cost LG + §. 208/1b (8) {$4)+(.208) (270)=$90
(249.6)
{122.1) . . 120

(Fig. 4-21) Ductwork Cost 100 ft x $50/ft = $5000 (249.6)
) {192.1)= 6,500

{C} Circular Hood (50°9) + Supnorts Cost ' 5
(Fig. 4-18) Plate Area Requirement 1.343 x (40)2 = 165.8 ft

(12)
{165.8) (5. 625)(l12) ="1119 lbs.
(Fig. 4-20) Labor Cost . 350
(p.4-25) Hood Cost (165. 8)($ 90/ft2)+($ 108)(1119) =

$270 (249.6)
(198.1) = $350
plus, Hydraulics for Swing-away (~$1,000) $1,000 +
$350 = . . . 1,350

{Fig. 4-21) Ductwork Cost 100ft x $50/ft = &5, 000 (249.6)
(192.1) =6,500




(A) & (B} (Fig. 4-21) Ductwork Cost (50*+50'=100') 100 £t x
$25/ft = $2500 (249.8)
(192.1) = . . $ 3,250
{(Fig. 4-24) Elbow Ducts (4} ($850)+($850)+($350} =
- 82400 (24%8.6)
(1g2.1) = . . 3,120
(Fig. 4-26) Expansion Joints (4) ($2375)+(2375)+($1625) =
$8000 (249.6) o

(TG2.L) = v v o o o o o« o o o = 10,400
(Fig. 4-40) Fans (23", Class II, Backwardly Curved 4" AP)
1200 rpm, 8 bhp $1600 (249.6) _ 2.079
_ _ (Is2.) = = ° - 2
(Table 4-5) Motor 68 + 18(8) = $212 (249.86)
—— (192.1) = 275
(Pable 4-5) Mag. Starter 150 + 2.5(8) - .00005(83)
(192.1) — - = * = v m s s
' ~Total Cost = . . . . $48,494

®  central Collection System Capital Costs

.1}- Equipmeht Costs {control dévice + aux.'s) = $48,494
2) Tax & Freight (7% of 1) o = 3,395
3) Installation Costs (75% of 1) =. 36,371
4) - Subtotal (1 + 2 + 3) = 88,260
5) Engineering (10% of 4) = 8,826
6) Subtotal (4 + 5) = 97,088
7) Contingencies (10% of 6) = 9740
8) Total_Capital Costs (6 + 7) = $106,795

Annualized Costs
Capital Charges- R - PV = PV /n=30 i=12% . .
' R - (8.055) = $106,795
= $13,258
Operating Costs . (Fig. 46) ($.35/hr) (2,000 hr/yr) = $700
(249.6)
(T32.1) = $210
Maintenance (Table 4-12)  $2136

Total Annual Costs = $13 258 + $910 + $2,136 = $16,304

c/B = $16,304
[(0.24 1b/T) (390,000 T/yr)+(0.02 1b/T) (390,000 T/yr) +
(0.04 1b/T) (390,000 T/yr)+(0.04. 1b/T) (390, 000 T/yr)].99

__ $16,304
C/B = 135,600 1b/yT

¢/B = $0.12/1b TSP Removed

i



Silo Vent Emissions

Cement Elevator . . . . Pneumatic Delivery

Silo Capacity = 250 ft3
Filter Velocity = 3 fpn
Cloth Area = 200 ft?

Air Flow Rate

#

350 cfm during most of loading cycle, 1ncreasmng
to 700 cfm at end of cycle.

Control Device: Baghouse equipped with blower to relieve pressure
built up within the silec, and a mechanlcal shaking

mechanism.,

Capital Costs

[Ref. 22] Baghouse $4,197 .

. N _ Fabric . B .. 208
Fan w/motor 892
Equlpment ’ ' 5,297'
Tax, freight (7%) . 371
Maintenance (2%) 106
Install (75%) 3,973
Subtotal . 9,747
Engr. (10%) 975
Subtotal 10,722
Contlngency (10%) 107

Total Capital Investment = $10,82%2 (Jan.'SO) = $10,800

aAnnual Costs

Operating Costs ($0.35) (2,000 hrs/yr) = $700 %249.6) ~ $910
192.1)

Maintenance (2%)(10,800) = £216

Capital Charges PV =R * PV/ n= 10 i = 12%
(5.650) R $10,800
R $1,912

i n

Total Annual Costs = $216 + $910 + $1,912 = $3,000

- $3,000
c/B = (0.24 1b/T) (390,000 T/yr) (.99}

¢/B = $0.03/1b TSP removed



2.23 SANDBLASTING OPERATIONS

2.23.1. Process Description

Sandblasting is an industrial process wherein silica sand (ox
other abrasive material), of varying degrees of abrasiveness, is
propelled against a product surface. The sandblasting creates the
desired surface texture for a finished product. Although the applications
of sandblasting are numerous, the discussion héré will be of a general

nature and will be limited to'manufacturing_processes where sandblasting

is both a permanent operation, used in conjunction with the processing
of a product, and a fugitive dust source.

Sandblasting can be conducted outdoors in the open air or 1ndoors
in an enclosure. Reasonably available control measures for sandblastlng
depend upon how and where the sandblastlng is conducted more sO than
what type of part is being blasted. Therefore, thls category will be
divided into indoor and outdoor blastlng operatlons.

The most common method of propelling the abra51ve is by use of
compressed air through either the suction blast method or the direct
pressure blast method.l In the suction blast method_(see Figure
2.23~1), separate hoses are connected directly'to'thé;sand supply and
air supply, respectively. These hoses are then connected to a sandblasting
mechanism. The high velocity of the air through the gun creates a
partial vacuum that draws in and expels the sand.?

With the direct pressure method (see Figure 2.23-2), thg_san@
supply is located in a container which is under pressure. Vﬁhg_abrasive
supply tank is the pressure vessel with the compressed air line
connected to both the top and bottom discharge line, thereby creating
equal pressure above and below the abrasive. This permits the abrasivé
to flow by gravity into the hlgh volume air stream in the dlscharge
hose which then accelerates the abraszve to the velocity regquired to

do the blast cleaning.? The direct blast machines propel from two
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to four times as much-abrasive per cubic foot of air (at egual air
pressures) than the suction blast method. 4

Regardless of which method of blasting is used, a large amount
of fugitive dust is created when the propelled abrasive impacts upon
the product surface, since both the sand and the product surface will

5 The larger dust particles from this process will settle

fracture.
in the immediate blasting area while the smaller particles of fugitive
dust will be tran8ported much greater distances by the_ambient air.

The greatest source of fugitive dust from a sandblastiﬁéi&peration is
the sandblgsting itself. Several other fugitive dust soﬁrces:are
associated ﬁith a sandblasting operation. As shown in.figuré_2.23~3,
these soﬁrées include roadways, vehicular traffic and material héndling

and storage.

2.23.2 fugitive Dust Emission Factors

The fugitive particulate emission factors for the various processes
in sandblasting are set forth in Table 2.23~1.

As céﬁ be seen from the Table, there is no known published data,
for any type of sandblasting, from #hich-a representative emission
factor can;be obtained.  Naturally, the amount of fugitive dust
generated is directly related to the type and amount of abrasive
being used and the composition.of the part being blasted. A rough
estimate indicates that sandblasting of pre-cast concrete panels has
an emission factor of 1.55 pounds per ton of product.6 This is only
a rough estimate for a specific industry, and its accuracy cannot be
ascertained.

2.23.3 Particle Characterization

A typical size analysis of silica sand particles resulting from
sandblasting associated with a zinc galvanizing operation7 will be
used to indicate size distribution for sandblasting emissions in

general. Table 2.23-2 presents that particle size data.
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TABLE 2.23-1. FUGITIVE

DUST EMISSION FACTORS FOR SANDBLASTING OPERATIONS

Reljability .

Source Emission factor rating Reference
(j) Storage of sand
ioading onto pile 0.04 1b/ton trans- D 22
ferred
vehicular traffic 0.065 ib/ton stored D 22
load out 0.05 1b/ton trans- D 22
ferred
wind erosion 0.11 1b/ton stored D 22
(2) tnloading sand 0.04 1b/ton trans- D 22
into storage bin
on sandbiaster
1.55 1b/ton of feed(a) £ 24

(:) Sandblasting

(a) This emission factor is based upon the blasting of precast concrete

panels. Emission factors for blasting of other products are not

available.
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TABLE 2.23-2. TYPICAL SIZE DISTRIBUTION OF
FUGITIVE DUST PARTICLES AS A
RESULT OF SANDBLASTINGS

" particle ' Cumulative

diameter, um weight, %

« e »

o

S WMMW WO B OO0 Db~
WO OBRXONHEWWN o~
s .
[+
OO ~N—~=WMNONMNOG — WM&

d .
L R I

2-496



Silica sand {or silicon dioxide) is a colorless crystal with a
molecular weight of 60.09 grams/gram mole, a densiéy of 2.6 graﬁs/cm3
~and a melting point of 1710°C.8 Silica is the chief cause of pulmonary
dust disease, especially silicosis.9 The auration of eyposure required

to develop silicosis in sandblasters is estimated at_bétween two and
ten years.lo Silicosis causes the lungs to produce a "diffuse,
nodular fibrosis in which the parenchyma and lymphatig system aré
involved.fll In advanced stages”of this disease, tubefculosis, heart
failure or anoxemia may intervene._ As a result, massive destﬁﬁctioa
of lung tissue will produce death in the victim. 12

Federal and state laws usually regquire operators_to wear air-
supplied hoods (helmets) to prevent excessive exposure to particulates.
Although the use of well-maintained blasting hobds offefé fair érbtection
during blasting, concern has been voiced over the highﬁconcentrétion
of suspended respirable dust in the ambignt air‘duriné.non—blasting
- periods (which exceeds the TLV by several time_s).l3 Therefore, only
wearing hoods during the blasting period may not be the entire solution
to preventing silicosis.

2.23.4 Control Methods

Since most enclosures are not able to cpnfine ail ﬁhe dust
generated by indoor, dry abraéive blasting and because that duét can
impair the operator's vision and make breathing difficult, some
controls are almost always employed for these operations. The most
widely used and most efficient type of dust collector for this industry
is the baghouse (with a superficial face velocity of the gas passing
through the filter cloth not to exceed three feet per minute) . -4
High efficiency cyclones equipped with a tube-type fabric filter can
be used to control the fugitive éust, but this method is not as

efficient as a baghouse. High efficiency cyclones have difficulty in

collecting the very fine dust particles (<5um).15 The tube-type
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fabric filter, besides being unable to capture the fine particles,
also has a tendency to cleg easily, resulting in a loss of draft at
the cyclone inlet.

Baghouses are capable of collecting particles that have a diameter
of one micron or less with an efficiency of ninety percent.16
Overall, the baghouse is capable of efficiencies in excess of 99
percent.l7 |

Tt is estimated that building a 1200 ft3 enclosure (to house the
blasting of concrete panels to expose aggregate) and evacuating the
blasting éperation to a baghouse with 2 three to one air-cloth ratio
would resu}t in a capital expenditure of $41,000 and an annualizied
cost of $6,500.18 A cyclone, on the othef hand, with the same capacity
and for the same operation would require a capital expenditure of
$18;000 éﬁ&.an annualized cost of $1,600.%2

Wet blast adaptors eliminate between 80 to 90 percent of the
dust without lowering sandblasting efficiency.20 The wet blast
adapﬁét, as illustrated in Figure 2.23-4, is a ring that attaches to
the blaster nozzle. The ring has holes which spray water into the
blast pattern just after the air and abrasive leave the nozzle. The
water is metered by a petcock located at the blast head. The wet
blast adaptor is sﬁéplied with water from a standard garden hose or
faucet. |

The capital cost of a wet control system capable of suppressing
the dust génerated by:the aﬁove—mentioned concrete panel blasting
opefation is approximately $400-$500 (wet blast adapﬁor plus hoses) .2+
Operating cost is limited to the cost of water.

The feed-sand'is Stdred in large outdoor storage piles and is
_transferred to the sandblaster by means of a front end loader. The
recommended controls for handling storage piles are discussed in

Section 2.1 of this study.
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The control of fugitive dust emissions generated on roadways are
also discussed in Section 2.1 of this study.

2.23.5 Recommended Reasonably Available Control Measures (RACM)

The recommendad RACM for each of the listed fugitive dust emission
sources is shown in Table 2.23-3. Selections were based upon considerations
of ease of installation, emission control requirements, and current |
control practices within the sandblasting industry.

The RACM selection for sand storage is wetting with water. No
control is recommended for loading sand into the blaster because this
gsource is not a significant fugitive dust emitter due to the low
emission and production rates (less than 1/2 ton per hour)} for average
blasting operations.

For the blasting process itself, two RACM's were selected. They
wiil be compared by use of "cost efféctiveness" figures which quantify
the cost of control'equipment per pound of particulates removed.

Whére moisture will not affect product quality, a sandblasting watér
spray attachment may be used (in outdoor or indoor blasting) to
coﬁtrol fugitive dust. Thé cost effectiveness of the waﬁgr adaptor
is 50.01 per pound of paxticulaté removed. Where excessive moisture
will adversely éffect_product qﬁality, an enclosure with a induced
draft system to maint§in ventilation and viéibility is recommended.
It is also recoﬁmended that the exhaust air be vented to-a baghouse.
The baghouse system: should be cabable of v1rtually 100 percent
collection efflClency. The recommended ventilation rate is 80 fpm
across the floor area with an indraft velocity through all openings
of 500 fpm and a superficial face velocity of gas passing through the
filter cloth not to exceed 3 fpm.23 The cost benefit of this method

of control is approximately $0.17 per pound particulate removed.
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The high efficiency cyclone with tube type fabric filter is not
highly favored because it is not as efficient as a baghouse with
respect to the collection of small particles. Also, the filter tube
is prone'to binding or clogging which results in a loss of draft in

the cyclone.
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APPENDIX FOR SECTION 2.23

COST OrF CONTROL

Assume: )
: Enclosure 6'W x 10'H x 20'L Total volume = 1,200 £t3

- 80 fpm flow rate across the floor area (vent. rate)
3 fpm superficial face ve}oqity of gas through filter cloth.
8 changes cof air/min. = 2,600 ftB/min.

GARD p. 2-20: 3,200 £t2 = net filter cloth area required

GARD p. 4-10: intefmitﬁeﬁﬁ,E?ressﬁfe;.baghouse = $8,560

GARD p. 4-15: Filter cloth cost = 1,310

GARD p. 4~58: Fan motor, 20 Hp, Class II, 3 1/2" DB = 2,000
9,600 cfm

GARD p. 4-24: Hood + duct
L/W = 20/6 = 3.3
LABOR $700 |
MTL. = 200 £ft? (5.625)(1.2) = $1,350

2,050
GARD Fig. 4-60: Operational Cost, $0.75 per hour
@ 2040 hours per vear ' 1,530
Baghouse $ 8,500
Fabric filter 1,310
Fan 2,000
Hood and duct 2,050
Subtotal 313,860
Tax + Freight (7%) 970
Subtotal $14,830
Ingtallation (@75%) 11,122 (GARD p. 4-89)
Subtotal 525,952
_Engineering (10%) 2,595
Subtotal $28,547
Contingency (10%) 2,855
Total egquipment $31,402 effective 1271975
cost

Adjust capital cost to 1980 value



JAN INDEX 1976: 192.1
JAN INDEX 1980: 249.6

(249.6)

(T@ﬁff)(3lr402) = $40,800 Capital investment in terms of

Jan. 1980 $
Assume: .
Equipment life = 20 years
Cost of capital = 15%
Net emission 18.8 1bs/HR @ 2040 Hrs/yr. (Plant data)
GARD 3-3 UAE = 40,800 (.1598) = 56,520

£ B £4 t=-$6 520/21" -
Cost Beneii 38,352 1bs w1, = 0.7

High EffiC1ency Cyclones

pg. 11-22 Industrlal Ventllatlon - SO 20/cfm in 1968 .

(25,000 cfm)($0 20/cfm) = $5 000

PEDCo memo: (Jan. 1980 250) -
_ v (Fam15€8 125)(5 000 Jan. 1968) :_$10,009__

January 1980 cost of $10, 000

Table 4-12 of : o
GARD Manual Installation cost is 75% of equipment cost

($10,000) (.75) = $7,500 installation cost

Tabhle 4-12 Maintenance estimated at 2% of equlpment cost
GARD $200 .
page 4-24 _Hood and Ductwork
GARD ($2 050) (249) _ ¥
page 4-58 Fan Motor
GARD - ($3,500) (249) _
_ (Ig3) = $4,790
Figure 4~60 ($0 75 per hour)(2040 hours/yr)( 9 -
GARD : (Ig3) = $2,090
Equipment cost
high efficiency cyclone o _ 10,000
fan/motor o 4,790

hood and ductwork 2,800
- o : ' 17,590



$17,590

1) Equipment costs ({(control device + auxiliaries)

2) Tax and freight (7% of 1)* w= 1,230
3) Installation costs (Table 4-12) = 7,500
4) Subtotal (1 + 2 + 3) = 16,320
5) Engineering (@ 10% of 4)*" = 1,632
6) Subtotal (4 + 5) = 17,952
7) Contingencies (@ 10% of 6)*%* = 1,795
8) Total capital costs (6 + 7) = 19,747

Life of cyclone is estimated at 20 years
Cost of capital (i) assumed to be 15% compounded
annually over a period (n) of 20 years

page 3-4 Uniform Annual Eqﬁiﬁalent = PW [(i}{1 + i)}R}
. @ F DR S

GARD
PW = presént worth.
i = interest rate
n = period of years
Table A-10 UAE = ($19,747) (.1598) = 52,870
GARD

annualized cost
1b tsp removed

- $2,870 -
(55%) (38352) ~ “oid

Cost effectiveness =

Sand storage:
Assume: 940 lb sand/hr. required to maintain operations

(Plant file}.

2000 HRS/YR of operation

1,880,000 lbs/yr or 940 tons per. vr.
sand stored




Losses from sand storage pile
.04 1b
ton

.065 1b
ton

(0.05) (940) = 47 1lbs

(940) = 37.6 lbs

(940) = 61.1 lbs .

0.11 (940) 103.4 1lbs

it

0.04 (940)

37.6 1lbs
286.7 lbs sand emitted from storage pile.

Cost effectiveness of:

{(a) enclosure

(b) enclosure'with vent to fabric Filter

$21,000 _ . |
7867 Tos ~ T332

{(c) chemical suppression

22,200 - 57.67
286.7 1b ~ LLiL




2.24 PETROLEUM REFINERIES

2.24.1 Process Description

Petroleum refineries_vary in physical size and degree of complexity.
Defining a typical refinery is difficult because few refineries have

thé same number and types of processes.l

The processes used by a
particular refinery are indicated by the.cééacity of that refinery,
the type of crude being refined, the products to be produced and the
degree of technological sophistication. This section will only
bfiefly diécuss the fundémental processes commonly found in the
ap?roximately 247 U.S. peﬁroleum refiner_ies.2 Figure 2.24-1 illustrates
thé refinery operations that are.discuésed herein.

| Crude oil storage is accomplished by the use of tanks of varying

size and is aesigned to provide aéequaté guantities of feedstock for

the smooth and uninterrupted operation of the_refinery.3

4

Crude desalting is accomplished by one of two methods.  The

first method, known as chemical desalting, is accbmplished by water-
wash desalting in the presence of chemicais, foliowed by heating and
grévity separation. 'In the second method, electrostatic desalting,
the water-wash emﬁision is separated ffom the o0il by a high voltage
electrostatic field which simzataneousiy removes the impurities.
Among the impﬁrities removed by the desalting are ammonia, phenol,
sulfides, suspended solids and salts that can damage or poison the
catalysts used in the cracking operations. Electrostatic desalting
ig in greater use than chemical desalting.

Crude oii fractionation separates crude petroleum into intermediate
fractions of specified boiling point ranges.5 Several of the alternative
methods of fractionation are topping, atmospheric and vacuum frac-

¢+ionation, and three-stage crude distillation.
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Topping is an economical method of separating the very light
distillates from the crude oil by a process of_skimming,G_ Skimming
is usually carried out in a single cclumn which has several side draw
products or in a series of topping towers. This process is carried
. out-at lower temperature and higher pressure conditions than would be
required in atmospheric distillation.

In atmospheric and vacuum fractionation,’ the crude oil is
heated and subjected to an atmospheric fractionation process where
the vaporized distillate is separated inio_gasoline, naphtha, kerosene,
and light and heavy diesel oils. The bottoms from the atmpspheric
tower are heated and pumped through a vacuum fractionatioﬁ wﬁeﬁe
additional heavy gas and deasphalting feedstocks are ;ecoveréd.

Three stage crude distillation is a combination of egquipment usually
consisting of an atmosphericlfractionating stage, and two vacﬁum
fractionating stages. _

The term thermal cracking includes visibreaking énd cokin§
operations,8 In each of these operations, heavy gasQQii fractions

(from vacuum stills) are broken down into lower moiecular weight
fractions by heating, but without the use.of_a catalfst; Typical
thermal cracking conditions are 410°-600°C and 41.6—69.i atmospheres
pressure. Delayed coking is a form of thermal cracking.where ﬁhe
feed is held at high temperatures long enqugh for the coke to form
and settle out (425° - 490°C and 4 atmospheres pressure).9 Products
of thermal cracking include domestic‘heating oils, cafalytic cracking
feedstocks, and other light hydrocarboﬁs.

Catalytic cracking breaks heavy fractions into lower nolecular
weight fractions and produces large volumes of high octane gasoline

stocks, furnace oils and other useful middle molecular weight dis-

tillates.lo The presence of the catalyst allows the cracking
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to be achieved at lower temperatures and pressures than thermal
cracking, and the catalyst inhibits the formation of undesirable
polymerized products. Cracking catalyst may be composed of synthetic
and/or natural silica~alumina, treated bentonite clay, Fullers’
earth, alumina hydrosilicates and bauxite. Catalyst may come in the
form of beads, pellets or powders which can be used in fixed, moving
or fluidized beds.

Hydrocracking is a catalytic cracking process that is carried
out in the presence of hydrogen.ll Hydrocracking is performed at
lower temperatures and pressure§ than catalytic cracking. The
molecular'Weiéht distribution of the products is similar to catalytic
cracking, but with reduced sulfur, nitrogen and olefin content.

PolYmerizatién units are used to convert olefin feadstocks
(prlmarlly polypropylene) intc higher octane polymer um.ts.l2 The
polymerlzatlon unit consists of a catalytic reactor, an acid removal
section and a gas stabilizer. The catalyst used is phosphoric acid
ér sulfuric acid. Polymerization is currently a marginal process
since alkylation is a more efficient conversion process.

Alkylétioh is the reaction of an isoparaffin and an olefin, in
the presence of a catalyst, at carefully controlled temperatures and
éresshres, to produce:a high octane alkylate for use as a gasoline
“bléhding'¢6mpéhéﬁt.13 This process also produces propane and butane.
Sulfuric acid is the most widely used catalyst.
| Isomefizatioh iﬁvolves the rearrangement of a hydrocarbon chain

in order to obtain higher octane motor fuels.14 ‘Higher octane fuels
are usually obtained lndlrectly because the isomerization process
converts normal parafflns to the isoparaffins (usually isobutane)
that feed the alkylatlon process which ultimately produces high

octane alkylates used in gasoline blending. The isomerization process
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occurs by passing the heated normal paraffins through a catalytic
hydrogen reactor which converts the n-paraffins to high octane
isomers. Next, the hydrogen is removed and the synthetic isomers are
retained as product.

Reforming is a process which is used to upgrade and convert low
octane naphtha, cracked naphthas and heavy gasolines into desirable
aromatics and high octane blending stocks.l® This is basically a
mild:decompositicn process carried out in the presence of a platinum
catalyst. Naphthene rings are dehydrogenated to form aromatic rings
during this process, with hydrogen being a significant by—producﬁ.'

'Solvent deasphalting is a form of solvent refining, the purpose
' Of which is to recover lube or catalytic cracking feedstocks from
asphaltic residuals and to produce asphalt as~a'by—product.16 In
ﬁropaﬁe'deasphalting, which is the predominant solvent deasphalting
technique used in the refinery industry, liquid propane and vacuum
reduced crude are introduced into an extraction tower which produces
a deééphaﬁed oil solution overhead and an asphalt bottoms product.
Both of these product streams still contain propane which is then
"rémoéed by means of a propane evaporator (for overheads) and a flash
drum {(for bottoms). The recovered propane is recycled to an extraction
tower for reuse,

Solvent dewaxing is another form of solvent refining in which
wax is removed from lubricating oil stocks by promoting crystallization
of the wax.>' Solvents which are used for this process include
furfural, phenol, crésylic acid-propane (Duo-Sol), methyl ethyl
ketone and sulfur-benzene. This process yields salt-free waxes, and

wax-free lube oils, aromatics and recovered solvents.
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Aromatic extraction is a solvent refining process used to obtain
high purity aromatics by empleying glycols and water as the solvent.18
The solvent and hydrocarbons are introduced into a countercurrent
extraction column. The vapor mixture is removed and stripped of
solvent, leaving the aromatic compounds of benzene, toluene and
xylene. The solvent is recovered and recycled to the extraction
column.

Hydrotreating is a process where crude oil fractions, both
straight run and cracked, are decomposed in the presence of hydrogen
to produce petroleum fractious with low sulfur and nitrogen co_ntent.19
The feed is treated with hydroéén, heated and charged to a catalytic
reactor where the impuriﬁies and high grade products are sepaﬁgted.

. Grease is primarily a soap and lube oil mixture, the maquﬁac;gre
of which requires careful attention to £ﬁe qualitative aspects of the
process itself.20 The scap and oil are introduced to a high dispersion
contactor or scraper kettle where the components are heated and mixed
thoroughly. . The finished grease is then packed or subject to further
processing'in the grease polisher as required by product spgcificapions.

Drying and sweetening are forms of product finishing. Sweetening
is a process where the sour odor of an oil is removed by oxidation of
the mercaptans, hydrogen suLfidé and dissolved free sulfur.zl
Drying is accomplished by salt filters or absorptive cléy bgds.

Lube oil finishing is a process that further refineslsglvent or
dewaxed lube oil_stocks bv contact filtration so that the lube oil
can be used for blending and com.pounding.z_2 Clay absorbant is added

to the oil, and the mixture is heated to the maximum contact pressure.

The oil is then removed by filtration.
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Blendlng and packaglng are the final steps in producing a
finished product. These are processes where addmtmves of wvarious
“types are blended into finished gasolines, oils and greases.23 The
blending is doné in buik form; Thése'are relatively clean processes
because care is taken that no product is lost through spillage.

Petroleum refineries have a large number of chemical processes,
the great majority of which are only of passing inﬁerest since they
are not sources of fugitive dust emissions.. There are, in fact, very
few sources of fugitive dust in petroleum refineries.24 The potential
sources of fugitive particulate emiséiohs from petroleum refineries
__1nclude plant roadways, parklng areas, vehlﬂular traffic and coke
storage plles and materlal handllng operatlons.

The fugitive particulate emissions resulting from plant roadways,
parking areas and vehicular traffic are adequately discussed in
Section 2.1.1 of this manual. Included in the referenced section are
subsections that address the fugitive emission factors, control
methods, and RACM selections for the types of sources.

The coke generated by the coking process is normally not a
source of fugitive emissions because the coke is removed from the
reactor in a wet state. The removal process consists of the use of
horizontal water jets operated at high pressures.25 The coke is then
dewétered, dried and stored in piles. The storage of coke is a
potential source of fugitive dust, and is discussed in Sections
2.1.2, 2.1.3 and 2.2.1 of this manual. The unloading, handling and

transfer of coke are also discussed in the above-mentioned sections.
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2. 25 AGRICULTURAL CqLMICAL MANUFACTURING PLANTS

2.25.1 Process Descrlotlon

In discussing this manufacturing category, a distinction should
firsf be drawn between the fertilizer manufacturing industry and
fertilizer mixing and blending planté. Mixing and blending plants
{(which are thoroughly_discussed in Section 2.12 supra.j.are charac-
terized by the three distinct production techniqués of ammoniation- -
granulation, bglk blending and liquidwmix,l all.of which produce
different types of fertilizers containing.mére than one ¢f the primary
prlant nu;riéntg (nitrogen, phosphorus and potassium).2 These mixing
and blending plant operations may or may not involve a chemical
feaction befween the faw ma*erials.3. Agricultural cheﬁical ménu~
facturing, on the other hand, w1ll always 1nvolve a chemical reactlon,
and the end product is usually a fertilizer which contalns 3ust one
of the primary plant nutrlents. Sodium nltrate, anhydrous ammonla,
urea, ammonlum nitrate and potash are examples of single nutrlent
fertlllzers.% _Mono or dlammonlum phosphate and potassium nitrate are
examples of manufactured multlmnutrlent fertlllzers. |

Other factors that dls*mngulsh these two 1ndustr1es are the size
and complexity of the production facilities. The fertilizer manufacturlng
plaﬁts tend to be quite iarger than their mixing and blending counterparts
in terms of average annual capacity and aré much more sophisticated
from a technical standpoint. ‘

Since the only agricultural chemical manuféctu;ed in Ohio in any
significant amount is urea, this guideiine will addfess only those
fugitive dust emission sourcés which are related to urea manufacture.
The same problems will, however, be encountered in the manufacture of
a solid form of fertilizer other than urea. BAlso, the solutions to

those problems would be analogous to those discussed herein for urea.
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Urea is manufactured either as a ligquid or as a solid product.5

The manufacture of urea in liguid form is not a significant source of
fugitive dust emissions because the pfoceSs itself only involves the
handling and transfer of raw materials and finished products in their
ligquid phases. The solid urea manufacturing process includes all the
processes that are needed for the production of urea solution in
addition to the eguipment and processes necessary to form the solid
product (See Figure 2.25-1).

A typlcal plant .capacity is 77,300 tons per vear, and it is
estlmated that, on an 1ndustry~wmde basis, 38 percent of the urea
sold in the Unlted States is in the liguid form. The remalnlng 62
percent of the urea is converted to solid ptills or granules prior to
_s_ale..6 | T |
| Urea ié“synthesizéa in.a reactor by £hé reaction of liguid
émmbnia and carbon dioxide at high temperatures and pressures to
first yield én intermediary product known as ammoniumICarbamate
(NHoCOONH4) which is simultaneously dehydrated in the same reactor
vegsel td form urea (NHzchHZ).7' The aqueous urea solution is then
concentrated by either crystalllzatlon or vacuum evaporatlon.8
Solld urea is then made by prilling or by a form of granulat:.on.9

in the pr1111ng process, the concentrated urea solution is
sprayed from a nozzle located inside a large cyllndrlcal prllllng
tower (approx1mately 100 feet in helght), and as the droplets fall

10 The solid

they are cooled and solidified by an upward flow of air.
prills, which generally réﬁge'from 10-14 m.esh,ll fall onto a conveyor
belt and are delivered to sﬁorage.12 Conventional prilling towers

produce approximately 15 percent of the solid urea in use today.13
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Due to the technical difficulties and large expenditures that
companies are facing in bringing prilling towers into compliance with
state and federal particulate emission regulations, granulation is

14 The

becoming a more desirable method of producing solid urea.
granules are produced by the sqlidification of successive lavers of
melt on the surfaces of seed particles.15 As granules become the
proper size (between 8 and 12 mesh),l6 they.are removed from the
granulation process and conveyed to screens for sizing and storage,17

It should be noted that, as a general rule, granules will generate
less dust and will cake less during handling and storage than prilled
products because granules are stronger and more abrasion resistant.18
Granulation, however, cannot préduce granules small enough for use as
a feed grade urea; theréfpre, prilling will remain a necessary
production process.19 -

The final product is cooled, if necessary, sized and stored
indoors in piles via an oveihead conveyor. Later this material is
transferred from storage to bﬁlk loading or bagging by conveyor |
belts.zo The storage, loading ana shipping opefations are normally
conducted in the same building,Zl 

Regardless of which method is used ﬁo manufacture the solid
produét; the sources of fugitive dust emissions are essentially the
same for both processes, beéause the éolids are subject to virtually
the same handling, transfer and loading operations.

The fugitive dust emigsions from urea manufacturing plants are
indicated in Figure 2.25-1, and result from four sources:

1. material transfer and conveying operations,

2. storage,

3. bagging, and _
4. bulk loading.

2~-516



2.25.2 Fugitive Dust Emisgion Papers

Although particulates are emitted during storage,
material handling, bagging and bulk loading operations,
individual fugitive dust emission factors for these specific
urea manufacturing operations are unavailable.

However, in one instance, since no quantitative test
data was available, a worst case estimate was made for
bagging and bulk loading operations based upon a known
particle size distribution for prilled urea. The size
distribution data indicated that approximately 0.015 percent
of the prilled product was less than 44 um in size;??
therefore, it was assumed that all of thesge particles would
become airborne during the bagging and bulk loading
operations. This assumption yielded an estimated combined
emigsion factor of 0.30 pounds of particulate per ton of bulk
loaded or bagged product. Although, the actual emissgion
factor may be lesg than the estimated.value of 0.30 pouhds
per ton, this worst case estimate will be used for bulk
loading. This fugitive dust emission factor is presented in
Table 2.25-1. A similar emission factor was not used for
bagging operations, since such factor represents operation in
outdoor areas. Generally bagging operations are performed
indoors.

The emission factor (designated as Source 1) which
reflects the amount of dust emissions generated by the belt
conveyors and material transfer points is alsgso known. The
fugitive dust emission rates will vary depending upon the
conveyor used, belt speed, and type of material being
transferred (i.e., prillg, granules, coated, uncoated).??

Fugitive dust losses will also occur at storage piles.
It is estimated that 67 percent of the losses occur as a
result of loading onto pilesg, equipment movement in the

storage area and loadout from piles.?*
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TABLE 2.25-1.

FUGITIVE DUST EMISSION FACTORS FCR UREA MANUFACTURING

. Reliability
Source Emission factor rating Reference
(1) Transfer and NA - -
conveying
(@) storage NA - -
(3) Bagying | NA - -
@  Bulk loading 0.3 1b/ton loaded E 22
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2.25.3  Particie Characterization

Fugitive pérticulate emissions from solid urea manufacturing
facilities are 99 percent urea in composition (CO ENH2]2).25 Urea is
. a colorless crystal or powder with a molecular weight of 60.]1 gfam/gram
nole, a melting point of 132.7°C and a density of 1.335 grams/cm3.26
It is not considered a hazardous material, and no threshold limit
value (TLV) has been assigned to it.27

Biuret [(NHp CO), NH] is the main impurity present in solid urea
at concentrations between 0.1 and 1.0 percent, while other impurities

~ are estimated at less than 0.1 percent.28

Biuret is formed when

sélid urea is heated to a temperature of 130°C at atmospheric pressure. 29

Although biuret is toxic to plant life, it is not hazardous to animals,

‘and no TLV has been assigned to it either.BO
No data was found concerning the pa#ticulate size distributions

for the fugitive dust emissions.

2.25.4 Control Methods

2 summary of the fugitive emission control alternafives is
presented in Table 2.25-2.

Telescopic chutes or loading spouts are used during the bulk
loading of railroad cars to control the fugitive dust that is gen-~
erated. The adjustable sﬁouts éxtend into the openings of the
railroad cars, thereby reducing the free fall distance of the urea
during the loading operation. Telescopic spouts can also be aspirated
so as to capture the emissions generated and vent them to a fabric
filter.

A fabric filter system can be used to contain emissions generated
by the in-plant material handling, i.e., the convejor belts, transfer
points and bagging. Fugitive emissions generated in handling the
urea during transfer and storage can also be reduced by closing doors
and windows in the sﬁorage and loading areas and minimiéing product

spillage.
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2.25.5 Recommended Reasonably Available Control Measures (RACM)

The recommended RACM for each'fugitive emission source are
listed in Table 2.25-2. The RACM's were selected on the basis of the
degree of controls needed to meet state emission ?ontrol requlations,
current practice in the industry, ease of application or installation,
and economics, |

An adjustabie lpading spout which is aspirated to a fabric
filter is recommendéd for the bulk loading of railroad cars. These
adjustablé spouté will minimize the free fall distance during the
loading process, thérébf.eliminating a large portion of the fugitive
emissions that would otherwise occur. The aspiration device will
then capture the'dust that'is actﬁally generated. These are felatively
inexpensive control devices which will provide a substantial measure
of pfotection at a reasonable cost. -

A hooding system over transfer points, conveyor belts, bagging,

and storage operations which is ducted to a fabriec filter is recommended

for use in the prevention of fugitive emissions from these operations.
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APPENDIX FOR SECTION 2.25
Calculations for control alternatives and resulting cost benefits for
urea manufacturing operations.
Dust sources to be controlled and the air flow estimated .

1. Conveyor belt transfer points:

(106 m3/min of air) (10 transfer points) = 1000 m3/min
2. Bagging operations: . '
" 77 (400 m3/min) (2 bag loaders) = 800 m3/min

3. Bulk loading operation:

(400 m3/min) (2 chutes) 800 m3/min

it

4. Storage area estimate 800 m3/min

3500 m3/min
124,000 acfm

Total air flow required
converting to acim

LI

Using the guidelines provided in "Capital and Operating Costs of
Selected Air Pollution Control System" GARD, Inc., EPA-450/3-76-014
May 1976, the following cost estimates were obtained.

Table 2-2 air to cloth ratio is 8 or 9 for a pulse jet fabric
filter used in phosphate fertilizer manufacturing

gas volume entering baghouse

Page 4-9 net filter cloth area = required air to cloth ratio
net filter c¢loth area = 124’003 acim
= 13,800 ft2
Table 4-1 determines the cost of the Ffilter cloth
and 4-2

(13,800 £t2)(1.09)(.55) = $8,260
(££2)

Figure 4-7 on page 4-10 gives the cost of a pulse jet baghouse as
$95,000 .

Figure 4-17 and 4-19 and the equations on page 4-25 provide the data
necessary to calculate the cost of the ductwork.

Bulk loading-assume 4°'x4' hood reguires 40 ft2 of 10 Ga. Carbon
steel.
labor $200
material $100
60' straight duct of 24" diameters 1/8" plate at $25
per fooct - material $1500 -



Materia; Handling and transfer and bagging

Fig. 4-18, 19 10 hoods @ 4'x4' 1 hood @ 4'x8°
800 ft2 mtl. : 250 £t2 mtl.
$2500 labor : $350 labor
31600 mtl. cost ' $100 mtl. cost

Figure 4-21 assume use of 300' of 24" duct made of 1/8" plate
oo : at $25 per foot
87500 -
Total hood and duct cost
510,800 material
$ 3,100 labor
£13,900
_Fan and motor -

Figure 4-40 Class III fan is used with ‘98" fan wheel diameter
operating at 1600 RPM costs $15,000

Figure 4-41 a drip proof motor of 125 BHP will cost $18,000
Total Cost of Fan and Motor is $33,000

Total Eguipment Purchse Price
effective 1975 4is $150,100

page 3-1 1) Eguipment costs (control device + auxiliaries} =$150,100

2} Tax and freight (7% of 1) = 10,500
3) Installation costs (Table 4~12) (75% of 1) = 112,500
4) Subtotal (1 + 2 + 3) = 273,100
5) Engineering (@ 10% of 4) = 27,310
6) Subtotal (4 + 5) = 300,400
7) Contingencies (8 10% of 6) = 30,000
8) Total capital costs (6 + 7) = 330,400

prices effective December, 1975

Total capital cost can be updated to January 1980 dollar values
using the Chemical Engineering Cost Index, plus an assumed
annual escalation rate of 10 percent (as per PEDCo memo attached).

(January 1980 - 249.6) (330,400 effective Dec. 1975)
(January 1976 - 192.1) '

January 1980 price of $429,300



Page 3-3 Uniform Annual Equivalent = PW [i(1 + i}8]
[(1 + 1)n~1]

PW = present worth
n = # periods over which annual payments take
effect
i = discount rate

assume cost of capital to be 12% and'equipment
life 20 years .

UAE = (429,300)(.1338) = 57,450 = 57,500
Cost benefit analysis:

Emission factor = 0.30 lbs
ton bulk loaded

annual production rate = 151,600 tons

pounds emitted = 45,500 ibs.

Cost benefit = annual cost of control
1bs TSP removed

= $57,500 = $1.26
15,500 15



2.26 BULK GASOLINE TERMINALS AND PLANTS

2. 26 l Process Descrlptlon

Bulk gagoline terminais recéive gasoline from refineries by
way of pipeline, tanker or.barge; store i£ in abovegroﬁnd'storage
tanks; and subsequently diépense it via tank trucks to bulk gasoline
plants and service stations for further dlstrlbutlon.l
The bulk storage of gasoline is accomollshed by the use of
. various types of closed cylindrical tanks which are designed to
prevent the escape of volatiles and minimize the contamination of the
stored materia1.2 |

The capacities of bulk terminal stbfége tanks range from 500,000
~to 5,000,000 gallons per tank.3 An aﬁerége terminal has 4.5 storage
tanks.4 | |

Each terminal contains one or more loadlng racks which are used

to load the 1ncom1ng tank trucks.5 These racks are equipped with an
array of process control equlpment to control flow rates and assure
safety mn operat:.on.,6 The majorlty of gasollne icading is accomplished
by use of the top submerged fllllng method,7 The other commonly used
method of loading tank truéks is the bottom £ill method.8 Another
method, not in common use in Ohio, is the splash loading method
which, as the name suggests, results in significant turbulence and
liquid-vapor contact during the loading process.9

There weie an estimated 50 bulk gasoline terminals in Ohio as of
1977.10 7The daily throughput per terminal ranges from 30,000 gallons
per day to over 600,000 gallons per day.1

Bulk gasoline plants receive gasoline from the bulk gasoline

terminals via tank trucks and subsequently distribute the gascline to

service stations and other small commercial accounts.
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The capacities of bulk plant storage tanks range from 13,000 to

20,000 gallons per tank. An average facility has three storage tanks
having an average, total storage capacity of 49,000 gallons.l3

The dai;y throughput for a bulk plant varies from 2,000 to 20,000
gallons per déy.14. A USEPA study indicates that, on a nationwide
basis, 50 percent of all bulk ﬁlants have a daily throughput of less

15

than 4,000 gallons per day. It is assumed that this figure also

characterizes the size distribution of bulk gasoline plants in Ohio.t®
In addition to storage tanks, the bulk plants also have loading

17

racks for the f£filling of tank trucks. The splash-fill method is

nsed in 50 percent of the bulk plants, while submerged filling is
~used in the otﬁer 50 peﬁcént.lS | |

Figures 2,2641 and 2.26-2 are simplified process flow diagrams
of a typical bulk gasoling.plant and terminal. The various'ldéding
systems are shqwn.in Figu:es 2.26-3 throﬁgh -5.

Fugitive dust emissions from 5 bulk gasoline plant or terminal
result primarily from vehicular.ﬁraffic on paved and unpaved roads
within the facility. The availablé emission factors, control technol-

ogies and RACM selections for these emissions are discussed in detail

in Section 2.1.1 of this manual.
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2.27 CARBON BLACK PLANTS

2.27.1 Process Description.

Carbon black refers to a large family of industrial carbons
manufactured by the partial combustion or thermal decomposition of

hydrocarbons in the vapor phase.l

In contrast, coke is manufactured
by the pyrolysis of solids. 2

In the United Stétes, two major processes are used for the
manufacture of carbon black: the oil furnace process and the thermal
process.3

In the thermal process, natural gas is injected into a heated
refractory chamber where it decomposes to form.carbon black.?
Because this reaction is endothermic, it is necessary to alternately
use the natural gas to bring the furngce to the proper temperature
and then inject the gas into the furnace for decomposition. This is
done in a cyclical p;:‘ocess.5

In the oil furnace process, a liquid hydrocarbon feedstock is
injected continuously into the combustion zone of a natural gas fired
furnace where it is decomposed to form carbon black.6 This process
accounts for approximately 90% of the total carbon black preduced in
the United States today.7

Currently, there are 30 carbon black plants in this country that
use the oil furnace process. These plants have a combined capacity
of 2.1 x 108 tons/yr.8 Individual plant capacities vary from 25.3 x
103 to 195.1 x 103 tons per year.9

| A "typical®" carbon black plant is one that uses the oil furnace

process and which has an annual preduction capacity of 5.7 X 104
tcns/yr;lo'll

Feed materials used in the oil furnace process consist of natural
gas, pré—heated crude oil and air.12 The oil is pre-heated to 200°C
- 370°C.13 The preferred feedstock o0il is high in aromaticity, is
free of coke or other gritty materials and contains low levels of

asphaltenes, sulfur and alkali metals. 14
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The reactor for this process consists of a refractory lined
steel furnace ﬁhich is from 1.5m to 9m in length and 0.15m to 0.76m
in internal diameter.ls The natural gas is burned to completion to
produce temperatures of 1320°C to 1540°C.1% The preheated oil is
atomized with air and sprayed into the center of the zone of the hot
combustion gases.l7 The oil is cracked to hydrogen,'carbon and by-
products consisting of carbon oxides, water, methane, acetylene and
other hydrocarbons.18 The specific désign and construction features
of various reactors are dictated by product specifications and economi_cs.l

The reactor converts 35 to 65 percent of the feedstock carbon content

to carbon black, depending upon the type of feedstock and the desired

pfoduct quality.20

The hot combustion gases from the reactor, which contain the
suspended carbon black particles, are initially cooled to about 540°C
by a water spray in a quench area located in the reactor outlet.21

This gas stream is ultimately cooled to a temperature of 230°C by a

guench towe:.zz

The carbon black is recovered from the reactor effluent stream
by use of a fiberglass type fabric filter in a baghouse.23 The
collected carbon black is subsequently passed through a hammermill
and then pneumatically conveyed to a cyclone and bag fiiter combination
where the carbon black is collected in a éurge bin.24

Next, the carbon black is fed to a pelletiéer via a screw con-
veyor.25 The resulting pellets are spherical with a l.émm to 3.2mm
diametei.26 The pellets are then conveyed to a dryer for the removal

of water.27

The dried carbon black pellets are screened and conveyed to
large storage bins via bucket elevators.28 The oversized particles
are recycled to the hammermill and reprocessed;zg ¥rom the storage

bin the product can be bagged or bulk loaded into hopper~type railroad

cars.30
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Figure 2.27-1is a simplified process flow diagram of the oil
furnace process. o .

Sources of fugitive dust emissions within the carbon black
industry include roadways, vehicular traffic, bulk loading of railroad
cars, baggiﬁg 0pe:ations, and the storage of pellétized carbon black.

2.27.2 Fugitivé Dust Emission Factors

Unfortunately, there is a lack of infofmation régarding both the
guantity and quality of the carbon black particles which are lost to
the atmoséhere from each of the sources of fugitive dust.

One literature source does give 0.2 lb/ton as a fugitive emission
factor:fox~a.representative caggon black plant.3l This emission.
facto#, however, incluﬁas”eﬁissions generated by the following:32

1. cleaning of clogged process equipment;

2. leeks in all process equipment including vents on storage

bins, and the pneumatic conveying system;

3. spillage during the bulk loading of boxcars or bagging

opexations; and |

4, general maintenance and repair work.

Thereforé,_the above-mentioned fugitive emission factor ié
rendered léss meaningful by the fact that i£ combines too many emission
sources, some of which éannot be.considered as sources of'fﬁgitive
dust..

2.27.3 Particle Characterization

Carbon black prior to pelletization consists of very small
particles, 18nm~55nm in diametef, with a density of 24-59 kg/m3.33
These particles have a fluffy character and generally consist of 390
.to 99 percent elemental carbon, withloxygen, hydrogen and sulfur

.comprising the other major constituents. 4
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There is no evidence of carbon black toxicity in humans, despite
the fact that it contains trace amounts of polynuclear aromatic com-
pounds known to be carcinogenic.33

The physical characteristics, in terms of size and size distri-
bution, of those particles that are generated when pelletized carbon
black is handled and stored are unknown. Their chemical properties

‘are identical with the unagglomerated carbon black.

2.27.4 Control Methods

Controls are generally employed to reduce the amount of carbon
‘Bblack that is emitted into the atmosphere from storage bins. If a
plaht has & vacuum clean-up system (2/3 of all U.S. plants have such
systems) that is used to collect carbon black dust that is emitted or
accidenfally spilled from in-plant process machinery, then the storage
bin can be vented to this existing clean-up system. An alte:pative
would be to install a fabric filter unit on each vent of the storage
tank which would help to prevent carbon black from entering the.
atmosphere.

Fugitive emissions that result from the loading of railroad
hopper-cars and bagging operations can be. controlled by the use of a
set of carefully placed vacuum hoses connected to the existing plant
vacuum clean-up system. The emissions from bulk loading may alsoc be
vented to the existing bagging machine exhaust system which is used
to collect the carbon black dust during bagging operations. This
dust is discharged into a small pulsation~type bag filter. Finally,
gome plants will employ two separate pulse-jet bag filters with one
designated to capture the dust emissions that result from bulk loading
of railroad cars ana the other to control dust emissions from the
bagging operation. All recovered carbon black is returned to the
process.

"he control of fugitive emissions from roadways is adequately

discussed in Section 2.1 of this guide.
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2.27.5 Recommended Reasohab1y Available Control Measures (RACM)

since specific data regarding fugitive emissions from carbon
black plants are unavailable, general industrial practice will be
used as an indicator of what RACM should be.

For storage bins, RACM is either venting the bins to an existing
vacuum clean-up system or installing a non—aspirated_fabfic filter
over the vent to collect the particulate emissions.

For the bulk loading of railroad cars, a vacuum clean-up system
can be used to prevent an excessive build-up of carbon black dust and
to capture any spilled carbon black. Other alternatives include
‘installation of a pulse~jet fabric filter system or venting the
emissions to the bagging machine exhaust system.

The bagging operation may be ducted to the existing vacuunm
cleén—up system or use may be made of vacuum bagging systems that are
hermetically sealed to prevent emissions of carbon black during
bagging. Finally, a separate pulse-jet type fabric filter may be
used to collect the emissions‘from this fugitive dust source.

Table 2.2%-1 surmarizes the available control technologies,

their effectiveness and RACM selections.
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2.28 MUNICIPAL INCINERATION

2.28.1 Process Description

Municipal incineration is a controlled combustion pfocess for
reducing municipal refuse to gases and a residue containing 1it£1e or
no combustible material. Although most municipal incinerators are
designed solely to reduce the volume of refuse fqr ultiméte disposal,
the heat generated by the incineration process céﬁ also be efficiently
utilized for production of electric power oxr steam.

During combustion, the moisture in the refuse is fifst evaporated,
and then the combustible portion is vaporized and oxidizé&# Thé
major end products of incineration are carbon 5ioxide, watér vapor and
non-combustible ash.

The component subsystems of a municipal incinerator are:

(1) refuse holding and charging system,

{2) combustion chambers,

(3) air surply system,

(4) residue handling system, and

{5) air pollution control eguipment.
These components are shown schematically in Figure 2.28«1, along with
the agsociated fugiltive dugt sources.l

There are numerous municipal. incinerator designs in use, employing
different grate types or combustion chamber configurations. Common
nechanical grate types are traveling; reciprocating and rocking.

Furnace types include rectangular and rotary kiln, with either refractory

or waterwall interiors‘z
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Refuse is delivered by trucks to the storage pit at the incinerator.
Before dumping, the truoks usually pass over a scale, so that the
total daily weight of refuserentering the facility can be measured
and recorded. The sizefof the“etorage pit is usually dependent upon
such factors as the capacity of the furnace, the emergency storage
required in the event of furnace breakdowns and the refuse truck
pickup schedules. The refuse trucks enter the tlpplnq floor and
normally (at large lnstallatlons) back up to the plt and dump the
refuse. At some small incinerators, waste is dumped directly into
the furnace charging hopper or onto the tlpplng floor. Some incinerators
- have the charglng floor on the same level as the storage area, and
transferring can be done w1th a frontmena loader or spec1al equipment.

Typlcally, an elevated crane w1th a clamshell bucket or grapple
is used to 1ift the refuse from the storage plt into a charging
hopper and gravity chute, whlch contlnuously feeds the 1nC1nerator.

The chute lS kept fllled at all tlmes to. prov1de an a1r seal and
prevent escape of smoke and heat from the 1nc1nerator 1nto the charglng
area. A ; | _

‘The refuse is usually 1gn1ted on the feeder stoker before lt 1s
dumped onto the burner stoker. Alr 1s supplred for combustxon and
temperature control through the grate, szdewalls and roof of the e
combustion chamber. o  ”  ' _'

In all incinerators, combustmon gases are’ passed 1nto a secondary
combustlon chamber to complete the combustlon of the gases and entrained
solids. Combustron.gasesrare then cleaned prlor to exhaustlng throuqh

the stack.3
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Residue from the combustion process is discharged from the end
of the burning grate into ash hoppers. The hoppers are usually
guench tanks which reduce the £fire hazards of handling the residue
and control dust entrainmment from the ash. Iastly, a drag apron pan
conveyor ceontinuously removes the wet residue from the bottom of the
incinerator.?

The remainder of the residue in the incinerator is in the form
of siftings and fly ash. The siftings are either manually removed
from beneath the grates thrqugh_clean-out doors.or are collected in
-troughs-and‘mechanically_cohveyedﬁtézﬁhé'résidue-hopper;- ¥ly ash
capture@fin gas—clééﬁiﬁg_déVices may be handled separgtely or in
combinatioﬁ with the other reéidue.

Most municipal incineration systeﬁé are designed té'ailoW'dﬁmp
trucks to load the residue directly f;om.thg drag-out conveyor for
delivery to a landfill or other disposal site.

Potential sources of fugitive dust from the municipal incineration
process are as follows:

1. tipping floor and storage pit area (refuse unibading, crane

loading, etc.),

2. ash handling and disposal systems, and

3. road surfaces.

2.28.2 Fugitive Dust Emission Factors

The fugitive dust emission factors for the various sources of
fugitive dust from municipal incineration are presented in Table
2.28~1. Bxcept for simply recognizing that fugitive emissions exist
at such facilities, the literature surveyed contained only one source
of data concerning fugitive dust emission factors. This source
provided an emission factor for fly ash handling and disposal which
was described as an engineering estimate without details as to the

derivation. The reliability of this factor should be considered as

very poor.
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- TABLE 2.28-1. FUGITIVE DUST EMISSION FACTORS FOR MUNICIPAL

INCINERATION
Reliability
_Source o Emission factor ~_rating Reference
Refuse dumping, _ NA — -
"~ handling ' ' : : ’
(2) Ash handling, disposal] 20-100 Tbs/ E 5
ton ash handled

NA = Not available



Also, no specific emission factors were found in the literature
for the dumping of refuse or for an analogous operation.

Emission factors for fugitive dust emissions from roadways are
presented in Section 2.1.1 of this study.

2.28.3 Particle Characterization

There are twb types of fugiﬁive dust particles that are geﬁerated
at municipal incineration systems. These are the dust carried by the
refuse brought to the incinerator and the f£ly ash caused by incineration
of the refuse. (Particle characteristics for dust from roadways are
discussged in Section 2.1.1.) Particle size and density data are
limited for fugitive dust generated during refuse dumping and handling.

The composition of refuse varies from municipality to municipality.
Table 2.28-2 shows the range in composition of residantial solid
wastes in 21 U.S. cities.® The moisture content of solid waste is a
particularly important variable because of its affect on the “heat
content" of the waste material. Moisture content may also affect
solid waste density and ease of handling.

As shown in Table 2.28;3,.thé pfimary combuéfiblei?lements in
refuse are carbon and hydrogen, with ﬁudh lower amounts of sulfur and
nitrogen. Some constituents cf the ash may also oxidize during
incineration. The net result of effective combustion is the conversicn
of the carbon in the trash to carbon dioxide (CO2), and hydrogen to
water (H20). Sulfur is converted to sulfur oxides (primarily S02);
some nitrogen is converted to nitrogen oxides; and organic chlorides

are converted to hydrogen chloride (5cl) .’
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- TABLE 2.28-2.

- RANGE IN COMPOSITION OF RESIDENTIAL
SOLID WASTES IN 21 U.S. CITIES®

_Percent Composition By Weight

fomponent Low High Average
Food waste 0.8 36.0 18.2
Garden waste 0.3 33.3 7.9
Paper products 13.0 62.0 43.8
 Metals 6.6 14.5 9.1
Glass and ceramics 3.7 23.2 9.0
Plastics, rubber and leather 1.6 5.8 3.0
Textiles 1.4 7.8 2.7
Wood 0.4 7.5 2.5
Rock, dirt, ash, etc. 0.2 12.5 3.7
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TABLE 2.28-3.  TYPICAL COMPOSITION OF MUNICIPAL SOLID WASTE 7

Weight % i
Category (as fired) Component Weight %
Metal 8.7 Moisture (Ho0) 28.16
Paper 44,2 Carbon (C) 25.62
Piastics : 1.2
Leather and rubber 1.7 Oxygen (0) 21.27
Textiles : 2.3 Hydrogen (H) 3.45
Wood 2.5 Sutfur (S) 0.10
.Food waste : 16.6 ~ Nitrogen (N) - 0.64
Yard waste 12.6 - Ash 20.82
Glass . 8.5
--Miscellaneous 7 :
100.0 100.0
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In addition, there is the possible presence of toxic materials,
for example, heavy metals (mercury and lead), beryllium, pesticides,
asbestos and solvents. Typical hazardous wastes are listed in Table
2.28-4.8 1t is impossible to completely prevent the entry of such.
wastes into the municipél wastes.?

Particulate matter that has been identified in incinerator stack
emissions consists of smoke, soot, fly ash, grit, dirt, carbonaceocus
flakes, aldehydes, organic acids, esters, fats, fatty materials,
phenols, hydrocafbons and polynuclear hydrocarbons. The size of the

particles range from less than 5 microns to 200 microns and larger.10

Particle density typically ranges from 2 to 3 g/cm3.ll

mable 2.28-5 gives the breakdown of particle size and other
physical properties of particulate matter gathered in the area between
+he combustion chambers and the gas—cleaning devices for three test
incinerators, each with a different grate system.12

Very little data have been published on the chemical composition
of thé.particulate matter. The few results that have been published
'show that fly ash emissions from municipal incinerators may consist
of an average of from 5 to 30 percent organic matter and from 70 to
95 percent inorganic matter. A chemical analysis that gives the
various inorganic constituents of incinerator fly ash from the South
Shore incinerator in New York City is presented in Table 2.28-6.L3

A rather detailed elemental analysis of ashed incinerator stack
effluent and collector catch was presented by Jens and Rehm.1?¢ The

incinerator tested was equipped with a wet impingement control system.

Results of two test runs are summarized in Table 2.28—7.15
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TABLE 2.28-4. EXAMPLES OF HAZARDOUS WASTES IN
MUNICIPAL SOLID WASTE

Paint, solvents, gasoline, kerosene, 0ils

Highly flammable plastics, dusts, shavings

Explosives and pyrophoric materiais

Organic chemicals, including toxic materials such as pesticides, phenols,
and chiorinated compounds

Other toxic materials such as mercury, lead, and arsenic compounds,
and wastes which contain appreciable amounts of toxic materials (e.g.
Tead-containing waste crankcase o0il and paint)

Acids, caustics, other reactive chemicals .

B?OIngcally active materials, e.g., pharmaceutaca1 wastes and some
pathological wastes from veterinarians and hospitals

Radiocactive wastes

Pressurized containers.

Contaminated containers
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TABLE 2.28-5. PHYSICAL PROPERTIES

OF PARTICLES LEAVING FURNACE 2

InstalTation Number *
1 2 3
% of total sampie collected in 77.0 77.5 63.0
cyclone _
% of total sample collected in 23.0 - 22.5 37.0
baghouse ' B o
Specific gravity, g/em’ 2.65 - 2.70 3.77
Bulk density, 1b/ft3 | - 30.87 9.4
Loss on ignition @ 150°C, 4~ [ 18.5 8.15 30.4
Analysis ' | -
% By weight < 2 microns 13.5 14.6 23.5
% By weight < 4 microns 16.0 19.2 30.0
% By weight < 6 microns 19.0 22.3 33.7
% By weight < 8 microns 21.0 24.8 36.3
% By weight < 10 microns 23.0 26.8 38.1
% By weight < 15 microns 25.0 31.1 421
% By weight < 20 microns 27.5 34.6 45.0
% By weight < 30 microns 30.0 40.4 50.0

* Fach incinerator had a different grate system.

ranged from 120 to 250 tons per day.
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TABLE 2.28-6. CHEMICAL ANALYSIS OF FLYASH SAMPLES FROM SOUTH

SHORE INCINERATOR, NEW YORK CITY, BY SOQURCEI3
(percent by weight)

" Source of Sample

Component Upner flue Expansion chamber | Emitted
Organic . . . . . . .. 0.5 0.6 10.4
Inorganic . . . . . .. 99.5 99.4 89.4
Sitica as Si0p . . . . 50.1 54.6 36.1
Iron as Feply . . . . . 5.3 6.0 4.2
Alumina as Al,03 . . 22.5 20.4 22.4
Calciumas Cad . . . . . 7.9 7.8 8.6
Magnesium as Mg0 . . . . 1.8 1.9 2.7
Sulfur as SO3 . . . . . 4.3 2.3 7.6
Sodium and potassium
~oxides . . . . . ... 8.1 7.0 19.Q
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TABLE 2.28-7.

SPECTROGRAPHIC ANALYSIS_ OF ASHED
INCINERATOR PARTICULATE MATTER!S

Stack effluent, Collector catch,
Flement percent ashed material percent ashed material
SiTicon « « o . . e . 5 - 0+ -
Manganese . . . «. . . . 0.1 - 1.0 0.1 - 1.0
Chromium . . . . . - . 0.1 - 1.0 0.1 - 1.0
Nickel . « o « - « « » 1.0 - 10+ 0.001 - 0.01
Copper . . . « « « - - 0.1 - 1.0 0.01 ~ 0.1
Vanadium . . . « . « . 0.001 - 0C.01 a.0 - 0.1
Iron « « v v e e 0.1 - 5.0 0.5 - 5.0
Tin o« o v v v e e 0.001 - 0.5 0.05 - 0.5
Aluminum . . . .« « . . 0.3 - 10 1 - 10
ZIRC + v v e e e 1 - 10 1 - 10
Magnesium . . . . . . 1 - 10 1 - 10
Titanium . . . . . . 0.5 - 5.0 0.5 - 5.0
Silver . . . . .« . . 0.0017 - 0.01 0.001 - 0.1
BOYOM + « « « « o o » 0.01 - 0.1 0.01 - 0.1
Barium . « « o - + o - 0.1 - 1.0 0.1 - 1.0
Beryllium . . . . . . 0.001 - 0.01 0.001 - 0.01
Calcium . . .« . . . . 10+ - 10+ -
Sodium . . . 1 - 10 ] -
lead . . . . . . . . 0.01 - 0.5 0.1 - 1.0
Sulfur . . . . . . - 0.620 -
Phosphorus . . . . . 1.140' - 1.460 1.760 -
Silicate . . . . .+ . 5.4 - -
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2.28.4 Control Methods

Dust generated in the tipping flgof and storage pit areas of a
municipal incineration system during refuse dumping, crane loading,
and hopper charging can be troublesome. Enclosing the_tipping area
is considered desirable for dust controi, odor_confineﬁent; reduction
of wind-blown refuse, noise reduction, and night and weekend storage
of vehicles. Many incinerators, in the interest of low first cost,
are equipped with only a canopy over the tipping bays, or ﬁothing at
all.16 |

_ Wettiné the solid waste in the storagé pit by usé of water
gsprays is fregquently used as a means of dust control. The problems
with”this technique are that wet residue ofteﬁ results in incompléte
burning and higher emissions, and refuse with high moisture_content
can corrode downstreém equipment,l7 Also, more BTU's are fequired
for complete combustion of the wet residue, which results iﬁ higher
energy costs for_operating the incinerator° |

Exhaust hoods over the dumplng areas can reduce dust.18

The
dust~laden air flows through ducts to a fabric filter. Some 1nc1neratcrs,
to intercept the dust from refuse dumplng, design inlet ports along
the top of the plt that draw air over the tlpplng floor and storage
bin. Often combustlon air for the furnace is taken from this area.
The negative air pressure produced in the area by thls method does an
effective job of preventing the escapé 6f dust~laden air from the
building, helps housekeeping, preveﬁts any odor from leaviné the
plant, and improves safety by helping to remove smoke and heat
during a pit fire. Also, carefully designed and engineered truck
entrance doors and dumping arrangements can minimize the "upset”

which occurs when trucks enter or leave the building,19
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Enclosed material handling systems to permit positive exhaust of
air through purification systems is a preferred design for municipal
incinerators. Dust-laden air can be processed in fabric filters or
ducted to the furnace. 20

Fly ash handling and disposal operations present no problems if
the ash is wet. Some plants reduce dust problems by intermixing ash
with wet residue or by topping off the truck with a layer of wét
residue. However, dry fly ash is difficult to handle and can be
easily picked up aﬁd scatteréd by the wind. The handling of dry £fly
ash can be controlled by applying a wetting agent, covering thé'ash
in the trucks during haulihg, and minimizing the fiee fall distance
ofuthe aéh during loading. At the disposal site, emissions from’
ﬁumplng operatmons can be controlled by wet suppression and minimizing
the free fall distance of the ash. EmlSSlonS from wind erosion at
the.disposal sité ﬁéy be controlled by covering with dirt or stable
material, revegetation or chemical stabilization.

Roads are a major source of fugitive emissions at municipal
incinérators. Details on the control options and costs are presented
‘1n Sectlon 2.1. Table 2.28-8 summarizes the available control
technologles, thelr exfectlveness, eétiﬁatéd costé, and RACM selections.

2.28 5 Recommended Reasonably Avallable Control Measures {(RACM)

The recommended control technlque for refuse dumplng and handling
in the tlpplng floor and stoxage plt area is utilizing alr ports in
the dumplng area and ventlng to a fabric filter. This would give the
most effectlve control and is already in use at many facilities.

The selected RACM for control of fly ash handllng ‘and disposal
con31st of using wet suppressmon, mxnlmlzlng free fall distances and
covering of the haul trucks to and from the disposal site. Furthermore,

the covering of the disposed fly ash with dirt is also recommended.
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For roadways which are in relatively constant use, a paving/cleaning
program can best alleviate fugitive dust; however, in some cases the
cost may be prohibitive. A program of oiling can provide good
control at a reasonable cost and is recommendeé for infrequently used
roads or in situations where a paving program would be impractical
due to high costs. For more detailed information with respect to

fugitive dust control for roadways, see Section 2.1.1.
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APPENDIX FOR SECTION 2.28:

Venting storage pit area to furnace

Capital Costs

1) Equipment costs (control device + aux;s}
2)  Tax + freight (7% of 1) | |
3) Installation costs (75% of 1)
4) Subtotal (1 + 2 + 3)
5)  Engineering {(10% of 4)
6) Subtotal (4 + 5)
7) Contingencies (10% of 6}
8) Total Capital costs (6 + 7)
7§132;l32 x (249.5)

$
$
$
$
$
$
$
$

(33667 = $139,000

annual Costs

4. PV =R - PV/ n =30 1= 12%
$139,000 = (8.055) - R
817,256 = R
b. Maintenance (2%)($139,000) = $2,780
c. Electric (ref. 24) $4,500
d. Total Annual Costs = $17,256 + $2,780 + 54,500 =

Wet suppression costis

Capital Costs

NMI p. 4-8 Equipment Cost = $18,460 (249.8) _
T (364.1) = $22,573

60,000

4,200

45,000

109,200

10,920

120,120

12,012

132,132

$24,536



L Equipment costs (control device + aux's) $22,575

2) Tax + freight (7% of 1) . _ $ 1,580
3) Installation costs (75% of 1) _ 516,931
4)  subtotal (1 + 2 + 3) | E $41,086
5) Engineering {10% of 4) S 4,109
6} 'Subtotal {4 + 5) ' - 545,195
7)  Contingencies {10% of 6) $ 4,520
8) Total Capital costs (6 + 7} ' $49,715

Annual Costs

a. PV =R - PV/ n = 20 i
£49,715 = (7.469) - R
$6,656 = R

NMI p. 4-11

b, Annual costs‘ $12,810 (249.6)
_ (764.1) = $15,666

Total annual costs = 315,666 + $6,€56 = $22,322

c/B = $22,322/vyr = 22,322 = $0.01/1b
(560 t/d) (369 d/yr) (20 lbs/ton) (.50) 270,000 TSP removed




2.29 SALT PROCESSING QOPERATIONS

2.29.1 Process Description

Approximately 27 million tons of dry salt are produced each
yvear in the United States and Canada. Some 13 million tons of it':
are used as deicing salt, the largest single usage.l

Salt is conveyed from the mine to sizing equipment (crushing
and screening), which separate the salt into different grades as
needed. (Table 2.29-1 shows the specifications for some of the
different grades of sait.)2 Generally, such salt processing is done
inside buildings. : |

After crushing and screening( the salt is conveyed to silos, to
open stofage piles or direct1y to transportation eéuipmeht (barge,
rail or truck). From the storage piles, the salt is conveyed to
barge, rail oi truck via a cOnVeyor.__Sometimes, trucks may be
loaded with salt by front-end loaders. frontwend loaders ma§ also -
dump the salt from the storage'pilés'intb ajhopéer located above a
boat loading conveyor. It takes about léwlB hours to load a boat at
a rate of 1,000 tons per hour.3

After the salt is transported to the purchaser's facility, the
salt is unloaded from the barge, railcar or truck to storage piles.
The salt from a ship is usually unloaded by either a self-unloading
conveyor or by a clamshell and conveyor. Rail cars and trucks dump
theif loads, usually on the ground, and the salt is loaded onto
storage piles with ﬁront-end loaders.

Front-end loaders are also used for loading trucks that either

apply the salt diréctly to the streets or trangport it to other

storage areas for distribution at a later time.
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Fugitive dust emissions can occur during the addition of salt
onto a pile, during wind disturbance of the pile, during the loading
of the weigh hopper, dpxing ship, railcar or truck loading and
unleoading, and,during'éﬁe movemené of vehicles in the storage area.

A process flow diagram for salt processing operations is shown
in Figure 2.2%-1. Each potential fugitive dust gource is identified
in the Pigure.

2.29.2 Fugitive Dust Emission Factors

A survey of the literature revealed that there has been no
effort to guantify the emissions from salt processing operations.
No specific'emission factors for other industrial sources were

discovered that could even be considered analogous to such operations.

2.29.3 Particle.Cﬁaxaaterization

- The particlersizeibf fugitive dust from”salf storage piles may
vary depending on thefdisturbance of the pile in the loading and
unloading opératiéns. Fugitive dust from sa1t pi1es'ié mostly in
the range of_gyum.to 5 um in size.? The salt cénsists of sodium
chlo#ide (ab§ﬁ£ 95 percent), moisture, calciumtmégneSiumwsalts and
inédluble maﬁter (aﬁout 5 percent).5 ‘This is the.only;pa;ticle size
information available in_the literature for salt proceééin§ opérations.

. The corrosive nature of salt on concrete, construcfion materials
and.moving metal parts distingyishes this aggregate from the materials
discussed in Sections 2.1.2 and 2.1.3, “"Aggregate Storage Piles" and
"Material Handling", respeétively. With the storing and handling of
salt, rusting and corrosion are more frequent and severe.

2.29.4 Control Methods

Alternative control techniques for the fugitive dust emission
sources are presented in Table 2.29-2 along with their estimated
control effectiveness and costs. Due to the corrosive nature of
salt, controls normally used for storage and handling of other

materials are not always applicable to salt. This has to be considered

when evaluating control methods.
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_ BEfféctive dust control during coﬁveying operations, whether
conducted at the mine or at the puxéhaser's/nSer's facility, regquires
either:pértial drlcomplete enclosure of the conveyor system.

| 'When salt is loaded onto storage piles, fugitive dust is generated
from the fall of the material from the conveyor onto the pile.
Keeping the free-fall distance to a minimum, by utilizing height-
adjustable stackers and telescopic chutes, can further reduce the
fugitive emissions.

Salt is not highly'deliqﬁesceht; It aoes not readily dissolve
upbn expoéure to normal atmdspheric moisture. Even large unprotected
salt stock@iles, directly'exﬁosed to_fainfall, suffer little loss.
Most moisture is retainedmby the outex'layefs of the salt pile and
latéf.evaporates. ‘The salt forms a protective crust that sheds
faiﬁfall. The iarqér the pile, the less eprSéd'Surface area per
ton of séit,'and.the lower the loss ratio even when carried in open
stoiégé fbr érolonged periods. Thié natural cruSting reduces the
dust éroblém thét usuéiiy occurs with an exposed pile, unless the
pile is being frequently worked with a front-end loader.

The Salt Institute highly recommends that all salt be stored in

6 -If salt'must be stored outside, it

-

enclosed; pexmanent facilities.
is essential that it 5e placed on an impermeable pad and properly
covered to prevent.possible detrimental effects on the environment.
Run-off should be properly controlled. Temporary covering materials
that may be used incluﬁe tarpaulins and polyethylene, polyurethane
or polypropylene co%érs{ These materials are also available with

reinforcement for added strength. Canvas covers generally have to

be replaced once a year.
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sufficient cover material should be provided at the base of the
pile to allow for shrinkage and sealing. To join flexible coverings,
they should be lapped and sewn together with a two-inch standing
seam, using a Finkbine sewing machine or eguivalent. All regulai
seam sections should be double stitched, and all top seams should be
triple stitched using polyester thread. This gives'a relatively
waterprocf and durable seam for most coverings mentioned previously.
Taping of sewn seanms improves waterproofing. |

014 tires lashed together with rope or cable and placed uniformly
over the flexible cover provide a suitable tie-down weighﬁing method.
To keep the wind from "peeling" covers off salt piles, weights, such
as timber {(including railrcad ties) or_ooncrete anchor blocks, .
should be placed around the base of the plle,

There are several reasons why salt should be stored in a roofed
enclosure, espeolally small amounts under 500 tons. Smaller tonnages
of salt stored in an outdoor stockpile} i£ not propérly covered,
will take on moisture that will cause lumps to form in the méterial
and form an excessive frozen crust. Wet and heavy caked salt is
haéder to handle with loaders and to move through spreaders. It is
relatively simple to put small amounts of salt iﬁsiée for better
quality control and easier loag;ng and handling with”spreédefo.
lLastly, inside storage lessens the possibility of conﬁéﬁinating
streams and wells with salt run~of £ and greatly reduces fugitive
dust emissions.7 o

The best storage method for deicing salt is the ground leﬁel
storage shed or building.8 Storoge strqoture size and costs will
vary with individual needs. There are as many types of storage
buildings as there are ideas. Many facilities have developed thelr
own particular style. Most buildings, of course, are let for bid,
but there are also many that are built with spare or used materials

and with captive labor.
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Dome-type structures are sometimes used for storing up to 6,000
tons of salt. One advantage of dome storage is that its aerodynamic
shape presents no "flat barrier" to rain, hail or.wind, thereby
keeping physical stress to a minimum. There also is little wasted
space, and no suppcrting posts or beams to get in the way. A dome
structure is built to last approximately 50 years.9

Salt is often stored in wood, concrete or steel silos or bins
which are elevated on legs or placed directly on the ground. Bin or
silo storage often costs more initially than & building or shed.

The storage capacity of & bin or silo is less than in grbundulevel
storage, and only é&ry salt can be stored. One advantage to this
storage method is that it allows rapid, one-man loading of spreaders
when salt is needed during winter storms.

Front-end loaders are geqerally used for loading out the_s;l£
from storage piles. Precautionary measures such as lcading out f£rom
the downwind side_of the sthage_pile, kgeping_drqp distances to a
minimum and speed reduction wiil.ﬁelp reduce the fugitivé dust
emissgiong from this opergtipn.

- To control dusting which occurs when frqnt—end loaders are
loading the weigh hoppers for conveyors, wind guards méy be used.
Wind guards can also be used to contxol the fugitive dgét emissions
from loading trucks with frent-end loaders.

Truck and railcar loading of salt by conveyor can generate
fugitive dust emissions. These fugitive emissions can be controlled
by enclosing the loading staticns and/or by utilizing adjustable
chutes.

During the loading of a barge or ship by conveyor, the salt
usually falls a considerable distance into a hold. This results in
the liberation of a cloud of dust. A telescopic loading spout kept

extended as close to the salt surface as possible will reduce the

free-fall distance and the dusgt emiésions.
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Effective dust control during truck and railcar unloading
generallf requires the use of a suitable enclosure or shed over the
receiving area. Wind guards scometimes are used where front-end
loaders move the salt that has been unloaded.

Vessel unloading is primarily done by a retractable bucket type
elevater (marine leg). This is lowered into the hold of the vessel.
Some generation of fugitive dust cccurs in the hold as the salt is
scooped out and also at the top of the marine leg where the salt is
discharged.onto a conveyor. To contrcl these emissicns the marine
leg should be completely enclosed. Also, by curtéiling or minimizing
the unloading of a vessel dQuring days with high wiﬁds, fugitive
emissions can be further reduced.

At both the salt producer's facility and therurChaser'S/user's
facility, trucks should be covered after loading and'priér to departure.

2.29.5 Recommended Reasonably Available Control Measures {(RACM)

The recorﬁended iACM'for control of fugitive emission sources
from salt proc3551nr operations are designated in Table 2 29-2.
These technigues have neen used in the industry and are very effective
in reducing fugitive dust emissions.
| T+ is recommended that the fugitive dust emissions occurring
from the conveyors be contreliled by total enclosure of the conveyor.
The fugitive dust emissions generated during the loading of
salt onto piles by conveyors can be controlled by keeping the free
fall distance of the material to a minimum through the use of telescopic

chutes.
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For storage éile fugitive emissions caused by wind disturbance
of thg piie} the recommended cgntrol technique is covering the pile
or complete enclosure. . |

To control fugitive dust emissions from loading the weigh
hopper by ﬁroanend loaders, wind guards may be employed.

Emissions resulting from loading trucks and railcars by conveyor
should be contrbile& by utilizing adjustable chutes and enclosures.

A telescopic loading spout is. recommended for controlling fpgitive
dust emissions during the loading of vessels by con&éyor. The -
recoﬁmended contrbl.ﬁéchniqﬁe for loading trudks_with front-end
loaders consists of providing wind guards along with oper;ting
precautions.

Unloading trucks and railcars causes fugitive dust emissions
which can be controlled by enclosing the unloading station. . Enclosure
of the marine leg and receiving:hopper, and ope;ating precautions

should be used to'contpél the dust from_vessel unloading.
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2.30 GALVANTIZING PLANTS

2.30.1 Process Description

zinc galvanizing involves the art of coating clean, oxide-free
iron or steel materials with a thin'layer of zinc. The article to
be coated is properly cleaned, completely immersed in a molten zinc
bath {(at 840°F to 860°F), and withdrawn with enough 6f the molten
zinc adhering as a surface film to give the desired éoating properties.
Galvanizing operations can be conducted on a batch basis, as
in the coating of nuts and bolts, guardrails, etc., or on a continuous
basis, as in the coating of wire or chain link fencing. These
operations may be found in job shops or as captive operations in
large plants.2
Typically, the basic steps which are followed in cleaning and
galvanizing an iron or steel article consist of the following:3
(1) degreasing in a hot, alkaline solution;
(2) rinsing thoroughly in a water rinse;
(3) pickiing in & hot, acid bath;
(4) rinsing thoroughly in a water rinse;
(5) preflﬁxing in a zinc ammonium chloride solution;
(6) immeiéiﬁg the article in molten zinc through a
flux cover (usually zinc ammonium chloride); and
(7) finishing (dusting with ammonium chloride to prOduCé a
smooth finish). |

The process flow diagram shown in Figure 2.30-1 depicts a

typical batch or continuous operation.
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When considering the air pollution_aspects of a galvanizing
operation, one might be inclined to omit the first five steps because
they do not normally produce excessive air contaminant emissions.
Improper degreasing does, however, increase the generation of air
contaminants when.@he article is immersed in the hot zinc. Moreover,
the stripping of zinc coatings in the pickling tanks can cause
exéessive acid mists to be generated,s

The mgin fugitive emission problem in the_galvapizing process
is caused by steps (6) and (7) mentioned abo?e. It has been Qbsgrved
that g:ayish—white particulate fumes are emitted Whenever the
kettle flux cover is disturbed, when fresh figx is added and_when
galvanized articles are dusted with ammonium chlo;ide.6 |

The two kettle fluxes in common use are ammonium chloride and .
zinc ammonium chloride plus a foaming agent such as glycerine, wood.
filour or sawdust. The foaming égent is used to p:ovide_a deeper
flux layer and to extend the life of the flux.?_ |

A flux cover is used to remove any oxide film thaﬁ fér@s_as an
article is being transpQrted from the last rinse tank to the galVanizing
kettle and to exclude ai: from the part as it enters the zipc bath.

It serves as a preheating and drying medium to ;educe spattering or
explosions in the molten zinc and distortions of thin metal sections.

Heat lozes from the kettle are also reduced due to the flux cover.8
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Also, some plants may use "dry" galvanizing as opposed to the
normal "wet" galvanizing technique which uses a kettle flux. .With
"dry" galvanizing no kettle flux is used. Only a preflux is uséd
just before the galvanizing kettle. The emissions from this
technigue are considerably less than with "wet" galvaniziné.

Flux agitation occurs to some extent each time an object is
immersed in the molten zinc-thrCugh the flux cover. If the objects
are smooth and dry, the agitation is not great, and the amount of
fuming is low. When the agitation of the flux cover is severe, a
correspondingly larger amount of fumes is discharged. Also, mechanical
actions that break some of”the bubbles making up the flux covef
release fume-forming gases.®

When fresh flux is placed on a kettle, it takes some time to
form a foaming cover. Dense fumes escape during the agitation and
during the time necessary for the fresh flux to be absorbed by and
to becbﬁé part of the foam.

To obtain brighter, smoother finishes, especially on small
items, théy are dusted with”fihély ground ammonium chloride (NH4Cl1)
immediately after being removed from the molten zinc bath. The
artidles dusted are still at a tempeiature well above the dééomposition
temperature of ammonium chloride; thus, much of the NH4Cl is converted
to fumes by the opéfatiéh. ”Althcugh only small amounts of dﬁstinﬁ )

fluxes aré uséd, dense“fumés are ndfmallyldreated.lo
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©2.30.2 Fugitive Dust Emission Factors

The estimated fugitive dust emission factor for galvanizing
plants is shown in Table 2.30-1l. There is no specific emission
factor for continuous, batch or dusting operations. The emission
factor is an average of emissions from these operations, and is
based upon a report by the Los Angeles County Air Pollution Control
Districkt, written~in.1966.12 Contact with the Los Angeles County
APCD revealedfthat this:répért; prdbably'uhbouﬁé,”;s_no longer
available. Also, the répéfted data we:elmoét_probably the.resulté
o£ source tests conducted on galvanizing.plants in the Los_Angéles
area before 1960.13 fThe reliability of this factor should be cbn— 2
sidered as fair.

2.30.3 Pérticle Chafacterizatibn

The appearance and composition of the fumes discharged from
galvanizing operations vary according to the operation being conducted.
For example, the galvanizing of nuts, bolts and other small articles
does not create much agitation of the flux cover, and emissions are.
slight. Some fumes are, however, generated when the articles are
dusted with ammonium chloride upon removal from the zinc bath. An
analysis of these fumes revealed that essentially only ammonium
chloride was present.l4 However, fumes from galvanizing operations
may also contain substantial amounts of compounds other than ammonium
chloride, such as zinc chloride and zinc oxide.

When many different_articles are galvanized, some disturb the
flux and produce more fumes than others. For example, the galvanizing
of chain link fence material continuously agitates thé flux cover

and results in a continuous discharge of fumes from the kettle.
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TABLE 2.30-1. FUGITIVE DUST EMISSION FACTORS FOR GALVANIZING PLANTS

| B | Reliability
Source Emission factor "~ rating Reference
@ Galvanizing kettle D 11

5 1bs/ton zinc used
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The average particle size of galvanizing emissions is épproximately
2 microns.l® fThe actual particle size distribution varies slightly
from galvanizing process to galvanizing process; however, a typical
particle~size analysis of emissions from.a baghpuse servingfa job-

shop, 2ind—galvani2ing'kéftle*is giveﬁ below.16

Particle _ . Cumulative

“diameter, um o weight, %
1.7 0.0
2.1 2.6
2.8 11.5
3.5 21.0
5.6 41.5
8.3 62.5
10.4 70.0
11.8 74.0
13.9 80.5
25.0 . 88.5
41.7 ' 82.0
83.4 95.0

104.0 100.0

Under some circumstances the fumes may have different charac-
teristics, but these are attributed to the influence of additional
contaminants. For example, Table 2.30-2 shows a comparison of the
catch from an electrostatic precipitator serving a chain link fencing
process kettle with the catch from a baghouse serving a job shop
kettle.l? The material collected by the baghouse was dry and powdery.,
but it did agglomerate and was difficult to shake from the bags with
ordinary bag-shaking procedures. The material taken from the pre-
cipitator was sticky and had the general appearance of thick grease.

Table 2.30-2 shows that the fumes are different chemically, which
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TARLE 2.30~2. CHEMICAL ANALYSES OF THE FUMES COLLECTED BY
A BAGHOUSE AND BY Al ELECTROSTATIC PRECIPITATOR FROM ZINC GALVANIZING KETTLES

Fumes collected Fumes collected
in a baghouse in a precipitator
(job shop kettle),|(chain 1ink galvanizing),
Component wt % wt %

NH.C1 68.0 23.5

In 15.0 6.5

ZnCly 3.6 15.2

n 4.9 -

NH3 1.0 3.0

011 1.4 41.4

H20 + TR A5 1.2

C 2.8 -

Not identified - 8.2
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explains their different appeérance after being collected. The oil
in the fumes coilecté& by the'preciéitator‘uhdoubtedly came from a
film of oil oh the chain.link féhcé material thét was vaporized as
the:fenEe material was charged into'ﬁhe hot zinc. Since ammonium
chloride vaporizes aﬁ 662°F aﬁa the zinc bath temperéture is usually
between 840° and 860°F, it is not surprising that NH,Cl makes up the
bulk of thé particulate.emissions. However,.zinc and zinc chloride
have very low vapor pressures at normal galvaniziné temperatures,
and one would éxpect neither of them to vaporiie to any great extent.
It is believed that thé discharge of éhese materials is the result
of mechahiéal entraiﬁment and occurs when wet objécts are galvanized
or wheﬁ objecté afé immersea'rapidly throﬁgh the fiux layer.l8

;Lyﬁamlg diséussés the health pfoblem of the particulate galvanizing
emissions. The main health problems are associated with zinc chloride
Znélz) and zinc o#ide {Z2n0) , whichnéan cause metal fume fever when
high cchcentfations aré inhaied. The OcCupationai safety and Health
Association.(OSﬁA) fhreshold limit values are:

ZnClo - 1 ﬁg/m3, and
Zno - 5 mg/m3.

A literature search did not reveal any measurements cf the
airborne concentrations of these compounds in the vicinity of a
galvanizing kettle.20

2.30.4 Control Methods

In order to properly control the extremely fine particulate
emissions‘from a galvanizing kettle sérving a continuous galvanizing
operaticn or batch operation using a flux cover, the fumes generated
must be conducted to an efficient control davice. TFume grresting
equipment commonly used to capture the effluent from this process
include the following: scrubbers, which produce the least satisfactory

results; precipitators, where oil mists are a significant part of
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the azir contaminants to be captured; apd baghouses, where there is
little or no oil mist entering the_exhaust syétem. While a baghouse
requires less maintenance than precipitators for'this.application,
t+he temperature inside the baghouse.must be kept above the dew point
(lSOéFJ even when not in use, to preveﬁt condensation on the bags.21
Some plants use bags that are injected with lime, which is a mixture
of 60% Ca(CH), and 40% Mg(OH),, in order to improve the removal
efficiency for ammonium chloride.

As the configuration of the_galvanizing kettle varies, it is.
necessary to vary the air pollution control system to captﬁfe the
extremely fine particulate gmissions caused by this process.zz‘

In job shops, tbe headroom needed makes necéssary the use bf'.
either high-canopy or_room—typg hooﬁs. This hooding deéign aiib@s
. for overhead materials handling equipment to be usea and giééé the
operators unimpaired access to the kettle. The amount of venﬁilation
volume required with_high-canopy hoods increases considerably with
the height of the hood; therefore, the size of the qoliector must be
large enough to accommodate the large air volumes iéquired. A slo£
hood (high inlet velocity) should be used only when the area of fume
generation is small, such as with a flux box of a chain link fence-
galvanizing kettle in a continuous operation. The slot velocities
needed to overcome the thermal draft for the eﬁti:e-surfaae of a
large kettle are high and require large air volumes which cool the
surface 6f the zinc bath. This cooling effect creates problems in
'applyiﬁg'a good zinc coating and increases fuel consumption. When
.a slot hood can be used, the amount of ventilation required is
smaller than that required with high-canopy hoods; thus, control

devices are corresp0ndingly smaller. 23
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Low-canopy hoods can be used on a kettle when headroom is not
reguired. These hoods permit lower ventilation rates for adeguate
fume capture; therefore, smaller control devices can be used.24

Emissions from plants using the "dry" galﬁanizing technique are
normally negligble, and won't reguire a control de&ice exéept in
cases where severe visible emissions occur.

A reduction in the amount of ammonium chloride used for finishing
galvanized articles will significanﬁly redﬁée.visibie emissions from
galvanizing kettles.25 _ |

Table 2.30-3 summarizes the*a?ailable éontrol techniﬁues, their

effectiveness, estimated costs, and RACM selections.

2.30.5 Recommended Reasonably Available Control Measures (RACM)

The RACM selectmons for galvanizing plant fugitive dust em15510n
sources are presented in Table 2,30«3° As indicated, the recommendad
control for continuous.galvanizing operations and batch operations
using a flux cover is to hood and vent the galvanlzlng kettles to a
fabric fllter. Thls system gives good control efficiency ané
reduces visible emlss$ons to almost zero percent opac;ty

In the case of batch fed operatlons usmng the "dry" galvaanLng
technigque (no flux cover), control devices should be requlred for
the galvanizing kettles only if severe visible emissions (into the

ambient air) are evident.
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APPENDIX FOR SECTION 2.30

BATCH FED OPERATICONS

Cancpy Hood, Vent to Fabric Filter -

Assume: Kettle . . . . . . . . . < - .'; ; . . 47w 25'1 3'h
Hood . v . « « o 4" o v v & o W « « . . l0'w 40'1.
Indfaft velocity « « + + « + « & « « « 100 fpm
Exhaust rate . . + ¢« +« ¢« o v « ;:; . '30;066 cfﬁ
Duct diameter . . . . < . . . . .:i';f;.52.5"
| Filter area . . + « « « + « « « « « o . 15,000 £t2
filter.Qélocity . . ... ; ;.... v .. 2 Epm |

Capital Costs

Ref. 26. p. 4-12. Baghouse . . . . . . .$50,000
Ref. 26. p. 4-15. Bags . . . . . « . . . 7,500 [($.40)(15,000) (2)]

Ref. 26. p. 4-28. Labor . . . . . . . . . 1,250 [849 + $5.2 1 +
$0.62 12]

NMI p. 3-4. Ductwork . . . +. . . . + «+ . »-5,330

NMI p. 3~4. Fan w/motor . . . . . . . . . 7,700

Equipment costs $71,780

1) Equipment costs (control devices + aux.'s) . . .$71,780
2) Tax & freight (73 of 1} . . . . . .+ « ¢« « « . . 5,025
3) Installation costs (75% of 1) . . + « « o . . . 53,835
4) Subtotal (L + 2 4+ 3) . . . « « « « « + o « . » 130,640
5} Engineering (10% of 4) . . . . . . . . + o o . 13,064
6) Subtotal (4 + 5) « « v v o+ 4 o v o . . . . . 143,704
7) Contingencies (10% of 6) . . . « « .+ « + .+ . & 14,370
8) ‘Total capital costs . . . . . . . . . . . . . §158,074

$158,074 (248.6)

(193, 1) = $205,3%0 or

1]

$205,400



Annual Costs

Maintenance . . . $205,400 x 2% = $4,108

Operating cost . . . ($.75/hr) (6,000 hr/yr) (249.6)

(Ie3T) ~ vo.847

Capital charges:

PV =r - PV / n= 30 1= 12%
r - (8.035) = $205,400

r = $25,500
Toral annual costs . . . $4,108 + $5,847 + $25,500 = $35,455 or
= $34,500
Cogt Benefit (C/B)
$34,500
C/B = (75,000 ton/yr){0.08%) (5 lb/ton) (.90} = $1.28/1lb TSP removed
' ‘ per year

* Reference 3. p. 24. (8% of process weight rate is approximately
equal to amount of zinc used) : : :

CONTINUQUS FED QOPERATIONS
Slot Eood, Vent to Fabric Filter

- Exhaust rate = 10,000 acfim
Filter area = 3,000 ft?
Filter velocity = 2.5 fpm

Capital Costs

Ref. 26. p. 4-12. Baghouse = $20,000
Ref. 26. p. 4-15. Bags = 3,200
NMI p. 3-4. Fan w/motor = 3,500 °
NMI p. 3-4. Ductwerk = 7,000 -
Total eguipment costs = §33,700 .



1) Equipment costs (control device + aux.'s) . . $33,700
2) Tax & freight (7% of 1) « + « « « + « « - « « 2,359
3) Installation costs (75% of 1} . . « « « « . . 25,275

4) Subtotal (1 + 2 4+ 3) . . . « v o 4 « o+ . 61,334

5} Engineering (10% of 4) . . . . . . .« .+ o . . 6,133
6) Subtotal {4 + 5) . . . . 4 s ¢ s e s e e . o 67,467
"7) Contingencies (10% of 6) . . . e e e e . ;. 6,747
8) Total capital costs (6 + 7) . . . . . . . . $74,214

74,214 {249.6 -
’ (222:8) ~ 596,500

Annualized Costs

Ref. 26. 'p. 4-89%9. . Maintenance . . +-876,500 -(2%) = $1,930

il

Ref. 26. p. 4-88. Operating costs . .$.35 (6,000 hr/yr)
$2,100 (249.6) _
(192.1) ~ 2,729

Capital charges:
PV = r - PV / n =30 i = 12%

r (8.035) = $96,500
‘r = $11,980 '

Total annualized costs = $1,930 + $2,729 + $11,980 = $16,600

Cogt Benefit (C/B)

$16,600 ' '
= "y = $§0.42/1b TSP removed
c/B = (110,000 ton/yxr) (0.08%) (5 1b/§on>(.90) ber’ year

* Reference 3. p. 24. (8% of proéeés'weight rate is approximately
equal to amount of zinc used) .

CONTINUOUS FED OPERATIONS
Siot Hood, Vent to Electrostatic Precipitator

Exhaust rate = 1700 cfm

Slot velocity = 2,000 _fpm Drift velocity = 1.66 fps
Slot area = 122.4 in.? Duct = 12 1/2"

Length = 120 in. X-sect. Area = 17 ft2
Width = 1.02 in. (100 £pm)

1700 cfm - In (1-.99)/(1.66 £/s + 60 s/m)
= 78.6 ft2

i

Ref. 26. p. 4-1. A

il

Ref. 26. p. 4-2. P $75,000 + 2.56 A = $75.201 (249.6)

(Toz.1) = $97.711



Capital Costs

1) Equipment costs {control device + aux.'s)
2} mTax and freight (72 of 1} . . . . . .+ . .
3} 1Installation costs (75% of 1) . . . . . .
4} Subtotal (1 + 2 4+ 3} . . + & & & o o +
5} Engineering (10% of 4} . . . . . « o s .
6} Subtotal (4 + 5) . . . . . <« . . 4 e . .
7) Contingencies (10% of 6) . . . « . .« « =«

8) Total capital costs (6 + 7) . o « + « o =

Annualized Costs

Ref. 26. p. 4-89. Maintenance . .(2%)($215,200)

Ref. 26. p. 4-86. Operating costs. . ($.40/hr) (6,

$2,400 (249.6)
(T92.1) = $3,118

Capital charges:
PV = r - PV / n= 30 1i= 12%

r (8.055) $215,200
r = 526 716

Total annualized costs = $4, 304 + $3,118 + $26 716

Cost Benefit (C/B)

$34,100
C/B = (11C¢,000 ton/yr)(ﬂ 08%) (5 lb/ton)( 80)

L3 - 5971711
. 6,840
« - 73,283

. . 177,834

- . 17,783

. «» 195,617

. . _19,562

. $215,179

= $215,200

= $4,304

= §34,100

per year

ox

000 hr/yxr) =

= $0.97/lb TSP removed

* Reference 3. p. 24. (8% of process weight rate is approximately

equal to amount of zinc used)

CONTINUCUS FED OPERATION
Slot Bood, Vent to Scrubber

Ref. 27. 45" Pressure Arop

2 Fans . . . 13,000 cfm,'isth & 9,000 cfm, lOth



Capital Costs

Ref. 27. 1) Equipment cost (Jan.'80¢) . . . . . . . .$125,000

Ref, 26. 2) Installation costs (140% £ 1) . . . . . 175,000

p. 4-89.
3) Tax and freight (78 o£ 1) . . . . . . . 8,750
4} Subtotal (I + 2 4+ 3) . . « o ¢« « « « . 308,750
5) Engineering (10% of 4) . . . . . . . . 30,875

6) Subtotal (4 + 5) . . . . ... . . . . 339,625

'7) Contingencies (10% of 6) . . . . . . . 33,963
8) Total capital costs . . . . . .. .. . $373,583 or
= $375,000
Aﬁﬁualized Costs _ ) . |
Ref. 26. p. 4-89. Maintenance . . $375,000 (133) = $48,750

Ref. 26. p. 4-87. Operating costs . . $2,500 + $5,500 = $8,000
| | (222:8) = 510,395

(192.1)
Capital charges:

PV =r - PV / n = 30 i = 12%
- (8.055) = $375,000

r = $46,555

r

Total annualized costs = $48,750 + $10,395 + $46,555 = $105,700

Cost Benefit (C/B)

$105,700

c/B = (110,000 ton/yxr) (0.08%) (5 1b/ton) (.90) = $2-67/1b TSP removed
per year

* Reference 3. p. 24. (8% of process weight ratz is approximately
equal to amount of zinc used)



APPENDIX A

COST ESTIMATION GUIDELINES FOR RACM FOR FUGITIVE DUST

In estimating costs for the various industries and general
sources addressed in the study, only general costs of typical
control_devices as applied on a typical plant configuration were
obtained. This description is abstract and nonspecific but
féflééts the nature of the costs. It was not the purpose of this
progect to develop detalled costs for _mz 51tewspec1flc appllcaw'
tlon of a partlcular control measure. Cautlon must be exercmsed
in the use of the cost data to assure that costs are not errone-
ously applied to a specific plant. Cost estimates are cof order-
cf-magnitude accuracy,and a site visit with a detailed evaluation
of specific equipment layouts is necessary to obtain meaningful
costs for a specific plant.

o For the actual industry cost estlmates, both capltal and an-
nualized costs were estimateéd. Sources utlllzed 1ncluded the
'GARD manual the IGCI'"Nonmetalllc Mlnerals Industrles Control
Equipment Costs" and other industry specific references that
contained applicable cost data.‘ Each referénce.cbﬁtainéd'cdsts
based on different vears, different methods of calculating indi-
rect costs, differences in inclusion or exclusion of auxiliary
equipment, different methods of calculating fixed capital charges,
different interest rates, etc. It would have been impossible to

A-1



put all the cost estimates on exactly the same basis, but it was
-attempted to adjust the estimateé to be compatible on the basis
of vear of dollars, size of application, indirect costs {(where
possible) and annual fixed capitél charges (where possiblé).

The costs were all adjusted to reflect January, 1980 dollars
using the ChemicaluEngingering Cost Index. Appliéable index values,
including those pubiiéhed after the initial pﬁéﬁaxation of this

document, are as follows: - -

Annual Index Monthly Index
1870 = 125.7 January 1979 = 2259
‘1971 = 132.2 - July 1979 E 239.3
1972 = 137.2 January 1980 = - 249.6% . .
1973 = 144.1 January 19890 = 248.5
1974 = 165.1 : July 1980 « = - 263.6"
1975 = 182.4 January 1981 = 276.6
1976 = 192.1 - July 1981 - = --.303.1
1977 = 204.1 January 1982 = 308.7 '
1978 = 218.8: - January 1982 = 311.8%%
1979 = 238.7 July 1982 = 314.2
1980 = 261.2 January 1983 = 315.5
1981 = 297.0
-1%82 = 314.0 -

*Represents an estimate of the actual index (248.5) which
was unavailable at the time this document was initially
prepared. T R e e .

*%¥7Ag of January, 1982, the Chemical Engineering Cost Index
was updated and streamlined for greater accuracy. The
January, 1982 index (308.7) using the old system is shown
above for comparison. All index wvalues after January, 1982,
including the 1982 annual index, are based on the new system.
For information on the revisions to the cost index, see "CE
Plant Cost Index--Revised" in Chemical Engineering, Apr. 19,
1982, p. 153.

To update costs to January, 1980, the multiplier was the January

1980 index of 249.6 divided by the index value reflecting the

year of the available estimate.



For cases where costs were unavailable for different pfocess
capacities, an appropriate factor was used to scale costs to the
selected "typical" size. Where no better data were available, the

0.6 scale factor, as illustrated in the following equation, was used:

cn = r0- 5Cp
where Cn is the new updated cost,
Cp is the previous cost, and
r is the ratio of the new to
previous process capacity. .

Where various equipment pieces were excluded, a price estimate
was made using the GARD manual. This included items such as fans,
ducts, dampers, ete. | |

Where lnstallat;on costs were m;ssxng, the appropriate values
£rom the GARD manual waere used (1. ea, ESP's = 75% of. equ;pment,
venturi scrubbers = 140% of equ;pment and fabr;c fllters = 75% of
equlpment). ' ' ' . .

In cases where indirect capital charges were hotﬁincluded, an
assumed value of 40 percent of d;rect 1nstalled cost was used as a
:conservatlve estxmate of the costs of eng;neexzng, constriction and

fzeld expense,uconstruct;on-fees, performance tests, shakedown and
:'contlngencles.f7= . N | | | -

Where flxed annual capztal charges were not avallable, a value

of 17 pexcent of the turnkey anestment was assumed. _



APPENDIX B

. "LISTING OF CHEMICAL DUST SUPPRESSANTS

Appendix_B_ééntains a listing Qf_chemical suppressants.
Table B-i.presenis iimiﬁed informatioﬁ'bn various chemical sup-
pressantéiConceiﬁing product type,;éosts{ uses and apﬁiication
ratesf“”;nfcrmation was obtained from "Technical Guidance for
Contrbl-éf In&uétxial Process.Fugitive Particulate Emissions”.

Information presénted is as complete as was made available by the

producers}_ Note that these are 1976 costs.
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