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1.0 INTRODUCTION

With the upcoming revision to State Implementation
Plans (SIP), air pollution control agencies at all levels
have expressed concern relative to the proper fashion in
which to approach, evaluate and handle fugitive particulate
emissions from industrial operations. There are many un-
answered issues associated with this problem and further
understanding and guidance is needed. Therefore, this
document has been prepared to provide guidance to affected
agencies in the development of revisions, where necessary,
to particulate matter control strategies. 1In producing this
report, a data base has been assembled from literature
sources, on-going U.S. Environmental Protection Agency in-
house or contractor project activities, air pollution con-
trol agency records and files, and visits to industrial
facilities emitting and/or controlling fugitive particulate
emissions. Additionally, throughout this document a number
of key words or terms will be repetitiously used. In order
to clarify our intended meaning, as well as to prevent
possible misconceptions, a Glossary of these words or terms
has been prepared (Appendix A).
1.1 BACKGROUND

Widespread failure to attain the national ambient air
quality standards for particulate matter in many urban areas
has resulted in reexamination of the nature of the urban
particulate problem. Basically, the particulate control
strategy developed as part of the original SIP's included an
analysis of the contribution of conventional point and area




sources without much consideration of other less conven-
tional sources of particulate. One of these sources is
"Industrial Process Fugitive Particulate Emissions," often
referred to hereafter in this document as "IPFPE." Basgjic-. .
ally, IPFPE result from either one or both of the following
categorical groupings of particulate emission sourceg -
"fugitive emissions" and "fugitive dust" originating within .

industrial facilities. _
There are no universally accepted definitions to char-

acterize and differentiate between the two separate "fugi-

tive" categories. Fugitive dust emissions are generally

related to natural or man-associated dusts (particulate
only) that becdme'airborne due to the forces of wind, man's
activity, or both. Fugitive dust emissions may include
windblown particulate matter from unpaved dirt roads, - tilled
farm lénds, exposed surface areas at construction sites and-
the like. Natural dusts that become airborne ‘during dust
storms are also included as fugitive dusts. It has been
found that fugitive dusts from the example sources noted
above, as well as windblown natural particulate emissions
from arid lands (desert) during dust storms, and other
meteorological conditions, may cause ambient concentrations
above national particulate matter standards, particularly in
the West and Southwest. _

Fugitive emissions, on the other hand, include those

particulates that are emitted from industry-related opera-
tions and which escape to the atmosphere through windows,
doors, vents, etc.; not through a primary exhaust system,
such as a stack, flue or control system. Fugitive emissions
may result from manufacturing operations, materials hand-
ling, transfer and storage operations, and other industrial
processes where particulates €scape to the atmosphere. 1In




other cases, fugitive emissions are more directly emitted to
the atmosphere from those industrial processes that operate
out-of-doors, such as coke ovens, rock-crushing operations
at quarries, and sand-blasting operations. Fugitive emis-
sions also result from poor maintenance of process equipment
and from environmentally careless process operations. For
example, fugitive emissions can result from leakage around
coke oven doors when such doors cannot be properly sealed
due to excessive warpage.

In this document, both emission categories will be
considered as dictated by common practice relative to the
specific industrial process being discussed. Therefore, for
the purpose of this investigation, Industrial Process

Fugitive Particulate Emissions (IPFPE) are defined as ...

"pParticulate matter which escapes from a defined process
flow stream due to leakage, materials charging/handling,
inadequate operational control, lack of reasonably available
control technology, transfer or storage."

Because IPFPE are not emitted from a definable point,
such as a stack, they cannot be easily measured by conven-
tional techniques. Because of this difficulty, their
emissions and subsequent impact on air quality are extremely
difficult to estimate. This deficiency and the belief
(since shown to be erroneous) that fugitive emissions were
not significant resulted in a lack of attention_given to
fugitive emission sources. During the development of the
original SIP's, States quantified emissions from all sources
using the best available information to determine such
emissions. 1Initial attention was given to control of point
and area sources whose air quality impact could be more
readily quantified. Thus, the emission control regulations
ultimately adopted by the control agency focused primarily
on control of conventional (non-fugitive) emission sources.




1.2 SIGNIFICANCE OF IPFPE

With the implementation of controls.on stationary
sources, many agencies have noted the apparent air quality
impact of fugitive emissions. Some analyses have indicated
that they often may have a greater effect on air quality in
the immediate vicinity of a source than do stack emissions.
Stack emissions are released above ground level, generally
with a significant upward velocity that aids dispersion and
dilution before the emissions reach a ground level receptor.
However, most fugitive emissions, by their very nature,
occur at or near ground level and remain there, where the
localized impact on air quality is greatest. _ _

While measurements of process and non-process fugitive
emissions have proven difficult,'estimates have been made
indicating that fugitive emissions may comprise a large.
portion of the nationwide particulate emissions problem.

For example, EPA has estimated that total fugitive emissions
of particulate from electric arc furnace charging can be
from 5 to 50 times the total stack emissions which occur
during the normal operating péribd of a furnace fitted with
emission controls; Further, a recent technical paperl
_reported that maximum ambient 24-hour particulate measure-
ments observed'around three fugitive emission sources in the
Pittsburgh area (i.e., a wood products process, a new steel
mill, and an old steel mill) were 655, 447, and 421 ug/m3
respectively. Although it is not stated, stack emissions
could be a part of these concentrations. Each of these
concentratiohs is well above the 24~-hour Primary Standard
for Total Suspended Particulate and alsb above other ob-
served measurements at sampling sites in the area which were
not directly impacted by the fugitive emissions.
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Thus, if the Primary Standards for TSP are to be
attained and maintained nationwide, serious atténtion must
be paid to the role which IPFPE play in these non-attainment
problem areas. ' '
1.3 RELATED IPFPE PROJECT ACTIVITIES

At the present time, a number of U.S. Environmental
Protection Agency projects are investigating factors which
are germane to either thé”measurement, sources, control,
control costs, modeling,,or.evaluation of IPFPE, While this
'guideline attempts to utilize all currently-available and
pertinent information from these projects, a summary of
these activitieé is presented in order that the user of this
document becomes aware of specific technical areas now
receiving serious attention. These subject areas are tabu-
lated as follows:

Responsible
Subject of Project 3 ..~ EPA Component

Fugitive Emissions Measurement ~ Industrial Environmental
Techniques Research Laboratory -

RTP, N.C.
Iron, Steel and Gray Iron Industrial Environmental
Control Technology Assessment : Research Laboratory -
of Fugitive Emissions RTP, N.C.
Source Assessment of 50 ~Industrial Environmental
Industries for Environmental Research Laboratory -
Risk _ - : RTP, N.C.
Iron and Steel Control _ Division of Stationary
Technology Assessment _ Source Enforcement -

Washington, D.C.
Emission Standards and
Engineering Division -
RTP, N.C.




Subject of Project

Continuing Evaluation and
Development of Pollutant
Control Techniques

Fugitive Emissions, Lead
Industry

Emission Factors and Cost
Analysis, Iron and Steel
Industry (cooperative AIS1/
EPA)

NADB Emission Factor Develop-

Responsgible
' EPA Component

Industrial Environmental

Research Laboratory -
RTP, N.C. '

Emission Standards and
Engineering Division -

RTP, N.C.

Emission Standard and
Engineering Division -

RTP, N.C.

Monitoring and Data

ment (continuing effort) Analysis Division -

~  RTP, N.C.

National Assessment of the

Control Programs Develop-
TSP Problem, 14 Cities Study

ment Division - RTP, N.C.

Emission Standards and
Engineering Division -
RTP, N.C.

Non—Metallic'Mineral New
Source Performance Standards

If further information on any of the above activities
is desired, contact may be initiated through U.S. Environ-
mental Protection Agency Regional Office personnel.

1.4 APPROACH TO GUIDELINE DEVELOPMENT N _
In order to prepare this‘guidéline for control agencies'

use in_the development of necessary revisions to particulate
matter control strategies, the following tasks were imple-

mented:

Task 1 - Review all available information, published
and unpublished, dealing with pertinent areas of in-

- dustrial process fugitive particulate emissions from
industrial process sources. This literature search was
constrained to the subject of fugitive particulate
emissions. from industrial process operations, as op-
posed to fugitive dust emissions from sources such as
unpaved roads, agricultural activities, and general
wind-blown dust. : '




Task 2 - Contact all U.S. Environmental Protection
Agency managers whose projects dealt with any affili-
ated areas of fugitive emissions in order to identify,
collect, and utilize the latest available information
on fugitive emission control technology, measurement
techniques, cost of controls, and other relevant in-
formation.

pollution control agencies currently dealing with
fugitive emissions to determine the effectiveness of
control strategies, control technology, costs associa-
ted with fugitive emission control, and experience in
developing and enforcing pertinent regulations.

" Task 4 - Contact trade associations and specifically
identified industries to arrange facility visits for
the purpose of identifying and tabulating data on well-
controlled and poorly-controlled operations and collect
information on control technology and costs.

Task 5 - Review available ambient air quality data near
fugitive emission sources for which measurements are
available or can be estimated, to determine the impact
fugitive emissions have on localized air quality.
Acquisition of these data was coordinated with all
phases of the information gathering process. However,
special effort was made to obtain ambient data during
the agency/industrial facility visits.

" Task 6 - Compile all of the information and data ac-
quired in Tasks 1-5 into a Phase I Report. This docu-
ment, which tabulates and summarizes all information/
data in an organized fashion, served as the "data base"
report and provides resource reference for the Guide-
line.

" Task 7 - Utilizing the information files and data base
accumulated, produce a Guideline for agencies to use in
the development of SIP revisions dealing with control
of IPFPE.

Usinglthis approach, the Guideline addresses the
following topical areas:




Specific parameters affecting IPFPE from each
major industrial category. Included are process
point emission estimates (with reliability fac-
tors) plus control technology applications and
costs for specific installations.

- A general discussion of IPFPE source control
technology, especially noting design requirements
for ventilation, hooding and specific control
devices. Basic cost information for checking and
estimating purposes is provided along with general
guidance on installation schedules.

Means of determining the IPFPE air quality impact
from individual facilities, including state-of-
the-art modeling and measurement techniques. An
example exercise, based on a hypothetical plant,
has been developed to demonstrate an approach for
estimating air quality impact from fugitive parti-
culates, ‘

Integration of IPFPE impacts into the State Imple-
mentation Plan modification process. Strategy
development, enforcement experience and approaches,
and example regulations are presented.
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2.0 INDUSTRIAL PROCESS FUGITIVE PARTICULATE EMISSION SOURCES

Major industries with potential sources of Industrial
Process Fugitive Particulate Emissions (IPFPE) are identi-
fied and included in this section. For each of these
industries, the following information is presented:

° process description

° identification of IPFPE sources

° emission estimates and an example plant

inventory of IPFPE sources
° IPFPE emission characteristics
e control technology options for IPFPE sources.
A range of emission estimates is presented-where avail-

able. It is not the intent of this document to determine a

single factor for each IPFPE source, but rather to present a
range of values. However, when only one estimate was found
in the literature, that number is shown, For some sources,
emission factors were not available in the literature. In
these cases engineering judgment, based on emission factors
for similar sources and observations during plant visits,
was used to estimate the emission factors. A reliability
rating is indicated for each fugitive emission estimate.
This is an indicator of the supportive data used to develop
the factor. The reliability ratings in this document cor-
respond to the rating system used in "Compilation of Air
Pollutant Emission Factors," Publication Number AP-42.l
These ratings are defined in AP-42 as follows:




A ~ Excellent

B - Above average
cC - Average‘

D - Below average
E - Poor

All emission rates in this document were determined to have
ratings of ¢, D, or E. The criteria used to determine these
ratings aré presented below: | |

'C - Supportable by multiple test data.

D - Supportable by limited test data and engineering
. Jjudgment. :

E - Supportable by best engineering judgement (visual
observation, emission tests for similar sources, .
etc.).

The model plant IPFPE inventory is not intended to
represent a "typical" plant, only an example application of
the emission estimates. An average of.any_range of factors
presented was used in developing'the inventory. For any
specific plant, consideration of operatihg conditions must
be made when selecting the emission rate. Also, factors
with an "E" rating are at best order of magnitude and actual
emission rates at a given facility could differ significantly.
Inventory techniques rather than an example plant inventory
were included for the common dust sources and minerals
extraction sections since the common dust sources are often
found with other processes and the mining industry is so
diverse.

Emission factors for some of the fugitive emission
sources identified in this document are contained in AP-42.
Additional fugitive emission factors will be included in
future editions of AP-42, therefore the latest edition
should always be used. Also, emission factors for stack
emissions are contained in that document.




In addition, data were included in this report from a
current project by Midwest Research Institute* entitled
"A Study of Fugitive Emissions From Metallurgical Processes.”
However, rather than showing the MRI Monthly Reports as
references in this document, the original references were
cited whenever possible.

Many industries have common types of IPFPE and fugitive
dust sources. Section 2.1 covers these common dust sources
in detail. For industries not specifically covered by this
document, refer to similar processes that are discussed
herein and the section on common dust sources.

Performed for the U.S. Environmental Protection Agency,
Industrial Environmental Research Laboratory, Research

Triangle Park, North Carollna, under Contract No.
68-02-2120.
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2.1 COMMON DUST SOQURCES
some industrial process fugitive emission sources occur

at many plants. Rather than repeating descriptions of these
sources for each industry, they are described in general
terms in this section. The industrial process emission
sources described here include transfer and conveying and
loading and unloading. Only the unusual aspects of these
common sources will be discussed in the sections on fugitive
emissions from specific industries. '

Also, there are several potential sources of fugitive
dust within plant boundaries that are not directly associ-
ated with process operations. However, these sources are
considered to be IPFPE because they occur on plant property.
They should be included in an emission inventory or air
quality analysis of the plant since they are often of the
same order of magnitude as the fugitive process emissions.
The fugitive dust sources described here include roads,
storage piles, and waste disposal sites.

2.1.1 Transfer and Conveying

Description - Material transfer and conveying opera-

tions are common to nearly all processing industries.
Equipment includes belt conveyors, screw conveyors, bucket
elevators, vibrating conveyors, and pneumatic conveyors.

The type of conveying equipment varies with the application,
determined primarily by the quantity and characteristics
(size, specific gravity, m01sture content, etc.) of the
material belng'handled, the transfer dlstance and elevation,
and condltlon fof the working env1ronment. '

Generally, conveyor runs between processEs are less
than 300 meters (1000 ft). However, belt conveyors used for
overland transfer, such as for moving coal from a prepara-
tion plant at a captive mine site to a power plant,_may be
over 20 kilometers (12 miles) long. '




Loss of material from conveyors is primarily at the
feeding, transfer, and dlscharge points and occurs due to
splllage or windage. The majority of particulate emissions -
‘are generally from spillage and mechanical agitation of the
material at transfer points. However, emissions from in-
adequately enclosed systems can be quite extensive.

Wetting can provide good control in many instances.
However excessive moisture in the material or air currents
can create discharge problems, especially on belt conveyors,
Wet material being conveyed may cling to the belt and fall
from the return strand. ' Therefore, many conveyor systems
are enclosed, both for maintenance of product quality and
air pollution control. _ _

Emission Rates - Transfer/conveying is one of the most

variable process operations with respect to fugitive parti-
culate emiésion rates. Emission rates vary with the type of
conveyor system being used, the material being transferred,
the extent of coverage of the conveying system, and, for
outside systems, local meteorological conditions.

The emission rate data available for transfer and
conveying operations are presented in Table 2-1. Emission
rates for other materials can be roughly estimated by com-
parative engineering Judgment with these rates,




Table 2-1. TRANSFER AND CONVEYING EMISSION FACTORS

Material Uncontrolled emission factor Reliability
transferred per unit of material transferred factor
Coal 0.02-0.48 kg/Mg2'2C E
(0.04-0.96 1lb/ton)
Coke 0.012-0.065 kg/Mg®’< E
(0.023-0.13 lb/ton)
Dry phosphate 0.75 kg/Mge (1.5 1b/ton) D
rock
sand 0.15 kg/Mg®> (0.3 1b/ton) E
Grain 1.0-2.0 kg/Mgf (2.0-4.0 1b/ton) E
Iron ore 1.0 kg/Mgg (2.0 1b/ton) E
Lead ore 0.82-2.5 kg/Mgh (1.64-5.0 1lb/ton) E

Reference 1.
Reference 2.
Reference 3.

Reference 4.

[ I o TR o TN o S+

Reference 5. Includes conveying and loading onto
railroad cars.

Fh

Reference 6.

(o]

Reference 7.
Reference 8.

Inventory Techniques - The annual operating parameter
or throughput for the material being handled should be

determined. Application of the appropriate emission factor
and control efficiency to this annual throughput yields the
annual emission rate.

Characterization of Fugitive Emissions - Like most

IPFPE sources, emissions from transfer and conveying have

the same chemical characteristics as the materials being
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processed (conveyed). The size of emissions is generally
less than 100 um diameter, except for extremely light
materials. | _

Control Technology - Possible control technology appli-

cations for transfer and conveying IPFPE sources are sum-
marized in Table 2-2 and discussed in greater detail below.

Particulate emissions are either created mechanically,
such as from the movement of belts or at transfer points, or
by the force of the wind on unprotected conveyor sections.
The mechanically generated emissions are more easily con-
trolled than most fugitive emissions from windage.5

The mechanically generated dust is a function of mate-
rial particle size and machinery speed. Generally, mechani-
cally generated dust may be controlled by covering or hood-
ing the area emitting the dust, application of a negative
pressure to the hooded area with exhaust and subsequent
collection by control equipment.

Enclosures also protect the conveyor systems and trans-
fer points from windage losses., As delineated in Table
2-2, enclosures can either be complete (e.g., tunnels for
belt conveyors) or partial. Table 2-3 summarizes the
features of complete and partial enclosures.

The major operating problem with belts is the sticking
of material to the belt after leaving the point of transfer.
This problem is generally reduced by a blade or brush which
scrapes the bottom of the underside of the belt. Other
devices such as vibrators and air jets have been tried with
very limited success, due to their expense and large number
of operational and maintenance problems.9 Moistening the
underside of the belt has been shown to reduce emission

levels at a chain feeder by 15 percent.10
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Table 2-2. CONTROL TECHNOLOGY APPLICATIONS FOR
TRANSFER AND CONVEYING SOURCES

Emission points Control procedure
Conveyor System (belt, Enclosure
bucket elevator, etc.) ® top covered

° sides and top covered

° completely enclosed

Wet suppression (water, chemi-
cal, foam) at conveyor feed
points.

Belt scrapers and wipers
Mechanical belt turnovers
Replacement with pneumatic
system or screw conveyor

Transfer and transition Enclosure

points Hoods, covers, or canopies
with exhaust to removal equip-
ment (fabric filters, and wet-
collectors).

Wet suppression (water, chemi-
cal foam).

Table 2-3, FEATURES OF CONVEYOR ENCLOSURES9
Top Bides Completely
Features covered protected enclosed
Fasy to vent X - X XXXX
Easy to maintain XXXX XXX XX
Accumulated dust
may be easily
removed XXXX XXX XX
Eliminates dust XX XXX XXXX
Reduces noise x® XXX XXXX

Key: x Does not work
XX Marginal
xxx Good
xxxx Excellent




Control by wet suppression methods includes the appli-
cation of water, chemicals, and foam. The‘point of appli-
cation is most commonly at the conveyor feed and discharge
points, with some applications at:conveyor trahsfer-points.
Wet suppression with water only is a relatively_inexpénsive.
technique; however, it has the inherent disadvantage of
being short—liVed. Control with chemical (added to water
for improved wetting) or foam is longer lasting but more
expenéive fhan water alone, '

In sampling at six different transfer and conveying
locations at a coal mine, dust emissions were found to be 34
percent lower when water was sprayed onto the belts.10
When foam was used instead of water, emissions at the six
sampling locations were reduced 73 percent compared‘to dry
operatioh. _ _

Foam is effective in dust suppression because small
particles (in the range of 1 to 50 um diameter) break the
surface of the bubbles in the foam when they come in con-
tact, thereby wetting the particles. ‘Particles larger than
50 ym only move the bubbles away. The small wetted particles
then must be brought together or brought in contact with
larger particles to achieve agglomeration. If foam is
injected into free-falling aggregate at a transfer point,
the mechanical motion provides the required particle to
bubbie éontaCt and subsequent particle to particle contact.

For as-mined coal or quarried rock, the normal appli~
cation rate for foam during transfer and conveying is 0.06
mB/Mg (2 ft3/ton) of material.ll* The cost of this treat-
ment per application point is about $0.02 per Mg ($0.02 per
ton) of material transferred. More than one injection point

* Mention of company or product names is not to be considered
as an endorsement by the U.S. Environmental Protection
Agency. :
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may be required for particuiarly dusty material or if the
foam is also intended to prevent emissions while the material
is in storage.

Highly diluted chemical wetting agents are applied by
water jet ahead of any points in the conveying system where
dusting occurs. The wetting agent breaks down the surface
tension of the water, allowing it to spread further, pene-
trate deeper, and wet the small particles better than un-
treated water. With mechanical agitation of the material,
the small particles agglomerate. For effective control, the
spray should be applied at each point where the particles '
might be fractured, allowed to free fall, or subject to
strong air currents. ' '

Cost estimates were made for wet suppression systems
using wetting agents at hypothetical rock crushing plants of
270, 540, and 900 Mg/hr (300, 600, and 1000 tons/hr) operat-
ing rates.12 The capital and operating costs are summarized
below:

Cost, dollars

270 Mg/hr 540 Mg/hr 900 Mg/hr
(300 ton/hr) | (600 ton/hr) | (1000 ton/hr)
Total capital $44,000 52,000 62,000
cost ' o
Total operating 0.017/Mg 0.012/Mg 0.010/Mg
costs per unit| (0.015/ton) | (0.011/ton) (0.009/ton)
of stone pro-
duced

Replacement of existing belt conveyors and bucket
elevators with pneumatic conveyors Or sSCrew conveyoils isﬁa
very effective method for elimirating fugitive emissions.
from processes involving relatively small sized material
(e.g. powders, pellets, and other granular mat‘rial).
Fabric filters are most often used to clean the conveying
air from these systems.
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2.1.2 Loading and Unloading

Description - Loading and unloading bulk material is
common to many processing industries. It involves transfer

of the material between interim storage facilities and
trucks, ships, barges, or rail cars (hopper cars and box-
cars). While loading and unloading operations can be either
for external transportation of material to or from a facil-
ity or for internal transportation within a facility (for
example, internal transportation might consist of loading of
a mining haul truck with ore via a front-end loader for
subsequent unloading to a crushing process), this discussion
is restricted to operations for external transportation.
Loading and unloading for internal transportation are more
industry specific, and are therefore addressed separately in
individual industry sections. ‘

Fugitive emissions from these operations emanate pri-
marily from the mechanical agitation of the material as it
strikes the sides and bottom of the transportation vehicle
and by the turbulence created by the air which is displaced
as the material is moved into or out of the transportation
vehicle. Windage losses are generally minor during loading
and unloading; however, heavy winds can cause severe prob-
lems, especially when these operations are inadequately
enclosed. _

Delivery of the bulk material to the cargo holds of
ships and interiors of trucks and rail cars is typically
accomplished by belt conveying, gravity discharge from
elevated storage, pneumatic systems, or clam-shell bucket
cranes. On cargo vessels, a rapidly moving horizontal
conveyor called a slinger throws the product at high velo~-
cities out to the far reaches of the hold which cannot be
reached directly from the hatch opening. Fugitive emissions
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from loading barges and ships can be guite significant and
very difficult to control, due to the difficulty in effec-
tively containing and exhausting the expansive openings in
the holds of these vessels.

The same facility is often employed for both loading
and unloading of trucks and rail cars. Such a facility
normally consists of a drive-through shed affording some
protection from precipitation and wind, but offering minimal
enclosure for suppression of fugitive emissions. These
drive-through sheds are sometimes equipped with a roll-down
door on one end or shrouds at both ends (to prevent a wind
tunnel effect), although more commonly they are unprotected
at both ends to allow entrance and departure as quickly as
possible. Air is usually blowing through this "tunnel" at
speeds greater than the wind in open areas away from the
enclosure, thereby aggravating the fugitive emission problem
and making it more difficult to contain and capture the
emissions.l

The quantity of dust emitted during barge and ship
unloading is relatively small in comparison with railroad
car and truck unloading. Unloading is normally accomplished
by belt conveyors which are fed from hoppers in ship's
holds, by means of retractable bucket type elevators that
are lowered into the holds of barges and ships, or by clam-
shell buckets which are most often open at the top and
poorly sealed at the bottom.

Emission Rates - Emission rates vary with the moisture

content of the material being loaded or unloaded, the type
and configuration of the vehicle (truck, rail car, barge,
and ship), the method of loading/unloading, wind speed, and
efficiency of the control technique employed.




Emission rate data available from field tests and
engineering judgement for loading and unloading operations
are presented in Table 2—4.-

Inventory Technigues - The annual throughput for the

bulk material shipped or received should be determined.
Application of the appropriate emission factor and control
efficiency to this annual throughput yields the estimated
annual emission rate.

Characterization of Fugitive Emissions - Emissions from

bulk material loading and unloading have the same chemical
characteristics as the materials being hauled. However, the
size distributions of the emissions is somewhat independent
of the material, since only the fines become airborne.
Control Technology - Various control technology appli-

cations for loading IPFPE are presented in Table 2-5. These
techniques can be used alone or at times in various combina-
tions. Generally, the simultaneous use of more than one
technique will provide increased levels of control.

Rail car and truck loading - To minimize particulate
emissions from rail car and truck loading, the entire opera-
tion can be enclosed by the use of doors on the loading
shed. This prevents the wind tunnel effect and whatever
dust is emitted remains in the enclosure where it can settle
to the ground. By venting the entire enclosure to a control
device, dust leakage around the doors and any other openings
can be prevented thus ensuring near 100 percent control.

The grain industry utilizes this technique widely.
Exhausting the car or truck body to a dust removal
device reduces emissions if the body is fairly well enclosed.
In open type rail or truck bodies this technique is not too

effective,
Choke~feed eliminates free fall of material into the
car or truck. In this technique the mouth of the feed tube



Table 2-4. EMISSION FACTORS FOR LOADING

AND UNLOADING OPERATIONS

‘ Reliability
Material/Operation Uncontrolled Emission Factor factor

Dry phosphate rock 0.75 kg/Mga (1.5 1b/ton) C
products/loading
or unloading -
railcar and truck

Taconite pellets/ 0.015 kg/Mgb (0.03 1lb/ton) E
rail car unloading
in drive-through
shed

Taconite/ship 0.01 kg/Mg® (0.02 lb/ton) B
loading by belt
conveyors

Coal/hopper car 0.2ukg/MgC (0.4 1lb/ton) E
unloading, or
barge loading

Grain/loading or
unloading
rail - drive- a
through shed 1.5-4kg/Mg- (3-8 lb/ton) D
truck drive- a
through shed 1-4 kg/Mg~ (2-8 1b/ton) D
barge 1.5-4 kg/Mgd (3-8 1lb/ton) D

Reference 2.
Reference 3.
Reference 4.

Lo oo

Reference 1
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Table 2-5. CONTROL TECHNOLOGY APPLICATIONS FOR LOADING

AND UNLOADING OPERATIONS

Emigsion Points

'Control Procedure

'Loading

Railcar, truck

Barge and ship

Drive through enclosure

. with doors at both ends.

Exhaust of entire enclos-
ure to dust removal
equipment.

Movable hood over hatch
opening.

Exhaust of car hopper to
dust removal equipment.
Choke-feed or telescopic
chute to confine and
limit free-fall distance
(gravity loading).

Wet suppression (water,
chemicals).

Use of tarpaulins or
covers over the holds.
Canopy and exhaust system
over the loading boom,
with attached tarps
around the hatch.

Exhaust of ship hold to
dust removal equipment.
Choke~feed or telescopic
chute to confine and
limit free-fall distance.
For tanker types, use of
gravity filler spouts
with concentric outer
exhaust duct to control
equipment.

Wet suppression (water,
chemicals). :




Table 2-5 (cont'd). CONTROL APPLICATIONS FOR LOADING

AND UNLOADING OPERATIONS

Emission Points Control Procedure
Unloading
Railcar, truck ° Drive-through enclosure
' . with doors at both ends.
o Exhaust of enclosure to
dust removal equipment.
o Exhaust air from below

grating of receiving
hopper to removal equip-
ment. '
Choke feeding to receiv-
ing pit (hopper car and
hopper truck).

° _Unloading with screw
conveyor (box car).

e Wet suppression (water,
chemicals).

e Utilize a pneumatic

unloading system.

Barge and ship e Enclosure of top of
clamshell bucket with
transparent material and
maintenance of closure
"seals and teeth on bottom

of bucket.
° Enclosure of shoreside
receiving hopper.
‘ _ ° Exhaust of enclosed

shoreside receiving
hopper to dust removal
equipment.




is immersed in the material being unloaded. This téchnique
only works for fairly free-flowing dry material. A tele-
scopic chute or spout also essentially eliminates the free-
fall distance of the material being loaded. This type of
system can be used on all types of material. Both the
choke-feed and telescopic chute methods are only partially -
effective in eliminating emissions since the surface of the
loaded material is constantly disturbed by new material.
This surface is subject to wind and dust entrainment.

Movable hoods, exhausted to a dust removal system can
be placed over the filling hatch in some types of truck and
railcars during loading. By keeping other openings on the
body closed, any dust generated in loading must be emitted
through the singie open hatch. A hood with sufficient air
flow mounted around this opening could capture most of the
dust generated. '

Wet suppression techniques when applied to loading
bperations can reduce airborne dust to some extent. The
loading process naturally breaks up surface coatings, but
some smali dust particles will adhere to larger pieces so as
not to become entrained. Many materials can not be readily
wetted and this technique could not be used for these
materials. ' _ .

Barge and ship loading - Due to their larger size,
barge and ship loading present unique problems for dust
control. However, a number of control techniques have been
developed and utilized especially at some of the larger'
shipping terminals. o

The use of tarpaulins or similar covers over hatches on
ships and enclosed barges reduces air borne emissions by
preventing their escape. Air, displaced by the material
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being loaded, causes the hold to become slightly pressurized
during loading, and the hold must be vented at some point if
the hatches are air tight. Thus, a more effective control
system incorporates an exhaust system for the hold. -This
exhaust system is converted to a dust control system such as
fabric filter with the collected material being returned to
the hold. Such a system can practically eliminate loading
emissions if carefully maintained and properly operated.

The use of a canopy hood and exhaust system over the loading
poom is less effective than a totally enclosed system, but
can still reduce emissions and is a viable alternative for
open barges. Effective utilization of this technique re-
guires some type of wind break to increase the hood capture
efficiency.

Choke feed and telescopic chutes or spouts as pre-
viously described can also be used for loading, both en-
closed and open ships or barges. Wet suppression techniques
may also help reduce airborne emissions if the product
specifications do not prohibit use of this technique.

Rail car or truck unloading - Many of the unloading
dust control techniques are identical to the loading techni-
gues. When a rail car or truck is tilted and materials are
dumped into an underground chamber through a grating,
exhausting air from this chamber through a control device
will effectively reduce emissions. By causing air to flow
down through the grating, dust emissions are contained. The
face velocity of air through the grating is a critical
design parameter in this technique. Unloading cars with a
screw conveyor causes less distribution of the material and
thereby less dust. Problems of material handling and time
requirements limit the application of this technique.
Pneumatic unloading of very fine materials such as cement,

/
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chemicals, or flour is an effective and widely used techni-
que that practically eliminates dust emissions. With this
system, careful maintenance of hose fittings and the fabric
filter through which the conveying air exhausts is required.

Barge and ship unloading - Control of barge and ship
unloading requires enclosure of the receiving point on the
shore and possibly exhausting that enclosure Eb a control
device. A good enclosure with an exhaust system can provide
essentially 100 percent capture.s* For open ships and
barges which use buckets and conveyors, a partially enclosed
bucket will reduce windblown dust. When observation of the
bucket by the operator is required, a transparent heavy
plastic sheet can be used as a cover. This system is only
partially effective and must usually be supplemented with
other controls such as tighter fitting covers, wind breaks,
or possibly wet suppression.

* Mention of company or product names is not to be considered
as an endorsement by the U.S. Environmental Protection
Agency. :
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2.1.3 Plant Roads and Haul Roads
Description - Roads, both paved and unpaved, are a very

common source of fugitive dust in plant areas. Plant roads
differ from public roads in that they normally carry a large
percentage of truck and equipment traffic and traffic speeds
are much lower. Unpaved plant roads are usually better |
maintained than unpaved public roads, with many of the plant
‘roads being oiled or compacted as a result of'the heavy
loads. The roads are well maintained for several reasons:
reduced equipment repairs, improved employee working condi-
tions, and better initial construction. Many plant roads
have relatively low traffic volumes; others, particularly in
the mining industry, are only temporary. |

Dust on the surface of paved roads is deposited by such
processes as mud track-out on vehicle tires, atmospheric
fallout, spillage or leakage from trucks, pavement wear and
decompostion, runoff or wind erosion from adjacent land
areas, deposition of biological debris, wear from tires and
brake linings, and wear of anti-skid compounds. This
material is reentrained by contact with tires and by the air
turbulence created by passing vehicles.

On unpaved roads, the road base itself serves as the
main source of dust. As with paved roads, the dust becomes
airborne by contact with vehicles' tires and by air tﬁfbu—
lence from passing vehicles. Also, some of the fugitive
dust from unpaved roads is attributed to wind erosion. On
both paved and unpaved roads, traffic movement causes the
continuing mechanical breakdown of large particles on the
road surface, thus providing new material in the suspended
particulate size range. _

In some instances, the road shoulders are also a source
of fugitive dust emissions. If the shoulders consist of

loose material or do not receive the same dust control



measures as the main road surface (e.g., watering, oiling,
or street cleaning), they can produce significant amounts of
fugitive dust.

Emission Rates - All field testing to date for emission

factor development has been on public roads. Some estimates
of emission rates for trucks on unpaved haul roads were made
by modifying the published factor for unpaved roads to
account for difference in tire size and speed and for more
frequent watering of the haul roads. 1Insufficient data are
available on conditions of paved plant roads compared to
public roads to make any similar modifications for their
emission factors.

Emission factors for both paved roads and unpaved roads
are based on the vehicle~kilometers of travel (VKT) or
vehicle-miles of travel (VMT) on the roads. Reported valuesl
for paved roads have varied from approximately 0.6 to 12
gm/VKT (1 to 20 gm/VMT) by such diverse sampling methods as
isokinetic hi vol measurements immediately downwind, impac-
tors placed on trailers, microscopic analysis of particulate
matter on urban hi vols, and tracer studies. The median
value from these studies and the current EPA-recommended
emission factor is 3.8 gm/VKT (6.1 gm/VMT).2 This average
emission rate is apparently affected by the amount of loose
surface material on the street and by vehicle speeds.
Because of the limited amount of testing associated with
each of these paved road sampling studies and the lack of
data on the effect of variables such as surface loading and
vehicle speed, the average emission factor is probably
accurate only within a range as wide as all the reported
values, 0.6 to 12 gm/VKT (1 to 20 gm/VMT), for specific
applications. More comprehensive sampling is now being done
in at least three different studies, so the reliability of




available emission factors should improve within the next
Year .
EPA's published emission factor for unpaved roads is:3

EF = (0.60) (0.23) (s) (5/48) (1-W/365)
[EF = (0.60) (0.81) (s) (S/30) (1-W/365) ]

where EF = emigsion factor, kg/VKT (lb/VMT)

0.6 = average fraction of emitted
particulate in the suspended
particulate size range (less
than 30 ym diameter)

s = silt content, percent, within
the limits of 5 to 15 percent

S = average vehicle speed, km/hr (mph)

W = days with 0.025 cm (0.01 inch) or more of
precipitation or reported snow cover

Based on the comparative widths of tire faces on off-highway
mining trucks, this factor was multiplied by 2.5 to obtain
an emission factor for mining haul roads.4 Normal speeds on
haul roads are 24 to 32 km per hour (15 to 20 mph). |

Emission rates intermediate between those for unpaved
public roads and'mining haul roads, but calculated with
assumptions analogous to those shown above fof haul.roédé,
may be appropriate for many unpaved plant roads.

Inventory Technigues - VKT (VMT) within a defined area

such as plant boundaries is usually determined by identifying
all the distihct‘roadway segments in the area, estimating

the number of vehicles per day using each segment (one way
trips), multiplying the roadway lengths by their respective
traffic volumes, and summing the VKT (VMT) of the individual
segments. To provide a check on this estimate or an alter-
nate estimate, gasoline consumption by vehicles in the plant
area can be multiplied by an average fuel mileage ratéwf6r 




the plant's vehicle mix to obtain VKT (VMT). A third method
of estimating VMT is from the vehicle-hours of operation and
average miles of travel per hour.

Characterization of Fugitive Emissions - The chemical

or mineral composition of road dust is a function of the
predominant types of material deposited on the surface of
paved roads and a function of the type of gravel or surfac-
ing material used on unpaved roads. Typical particle size
ranges for the emissions are:! ' )

Percent by weight of emisgsions
Paved Unpaved
Size range ‘ roads roads
< 3 um 40 31
3-30 um 37 29
> 30 um 23 40

Available data indicate that surface material on roads _

generally has a low moisture content, in the range of 0.5 to

4 percent, and that it dries rapidly after precipitation in .

warm weather. o |
Control Technology - Available procedures for reducing

emissions from plant roads and their estimated efficiencies.

are summarized below:® e

Emission points Control procedures | Efficiency
Paved streets Street cleaning ‘ No estimate
Housecleaning pro-~ No estimate

grams to reduce
deposition of
material on streets

Speed reduction Variable
Unpaved roads Paving 85%
Chemical stabilization 50%
Watering 50%
Speed reduction Variable

0iling and double ~ B5%
chip surface :

Road shoulders - Stabilization ' | 86%
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2,1.4 Storage Piles

Description - Open or partially enclosed storage piles

are often used for bulk materials not affected by precipita-
tion or slight contamination, such as coal, sand, gravel,
clay, and gypsum. The material may be stored for a short
time with a high turnover rate to accommodate surges in
daily or weekly rates of sequential processes, or may pro-
vide a long-term reserve for emergency supply or to meet
cyclical seasonal demands.

Most.dust arises from stockpile areas as the material
is dumped from the conveyor or chute onto the pile and as
bulldozers move the pile. During periods with high wind
speeds [greater than about 6 m/sec (13 mph)] or low mois-
ture, wind erosion of a non-weathered surface may also cause
emissions.

Emission Ranges - Fugitive dust emissions from the

storage area occur as a result of several activities.
According to sampling data compiled and evaluated by Midwest

1 the four major emission-producing

Research Institute,
activities and their approximate relative contributions for

crushed rock storage are:

Loading onto piles 123
Equipment and vehicle 40%
movement in storage area

Wind erosion 33%
Loadout from piles 15%

Although the percentage contributions from these activities
may vary for storage of different materials or for specific
storage area configurations, the same activities are prob-
ably the major dust sources for all types of open storage.
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Emission rates are dependent on the turnover rate for a
pile, methods for adding and removing material, and the pile
configuration. Also, the amount of wind erosion affects
emission rates. Typical values for a wide range of open
storage operations are summarized below:

Emission factor®
By area By mass

gmélOOO kg/Mg 1b/ton

Activity mé of lb/acre of placed placed
rating storage/day | storage/day | in storage |'in storage

Active® 1.48 13.2 0.21 0.42
Inactive 0.39 3.5 0.055 0.11
(wind ero-
sion only)
Normal mix® 1.17 10.4 0.165 0.33

@ Reliability rating of D. |
b Eight to 12 hours of activity per 24-hour period.
Five active days per week.

A correction factor is used to vary emission rates from
storage piles in different geographic areas: l/(PE/lOO)Z,
where PE is the annual precipitation-evaporation (PE) index.
A national map showing PE values for all parts of the
country is shown in Figure 2-1. The PE index is an approxi-
mate measure of average surface moisture.

The recent development of correction factors has lead
to refinement of these emission factors. These correction
factors account for such parameters as activity on and
around storage piles, silt content of material stockpiled
and, duration of stor_age.3 Table 2-6 presents a listing of
emission factor formulas and explanations of correction
factors and their use. Note that these formulas are preliminary
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and therefore subject to further refinement and change when
test results become available. ' '
The activity factors (K1,2,3) developed for the above
formulas are all relative to the operations being performed
with a front-end loader. Thus if the device being used to
load onto piles, such as a stacker_loader, appears to
generate less fugitive emissions, than would be genefated by
1 of 0.75 would be
chosen. This (Kl = 0.75) indicates that a stacker loader
generates only 75 percent of the emissions that a front-end

a front-end loader, an activity factor K

loader, would if performing the same function. The same is
also true for K factors for vehicular traffic around storage'
pileé and loadout of storage piles. For example, if a clam
shell is being used to load out a storage pile and-appears
to generate only 50 percent of the fugitive emissions that a
front-end loader would, then a K factor of 0.5 could be
applied; ‘ -

Examples of correction factors which have been developed
at example iron and steel plants are presented in Table
2—7.3 It must be remembered that these correction factors
are site specific and thus will vary from plant to plant and
industry to industry. These values are presented for illus-
trative purposes only; caution should be used when applying
factors for specific plants without studying the activity
levels and silt contents at that plant.

Inventory Technigues - Either the annual throughput

rate or the acreage of each storage operation should be
determined along with the silt content and activity factors.
The appropriate emission factor should be corrected to
reflect local climatic conditions.
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Characterization of Fugitive Emissions - Emissions from

the storage pile would be the same chemically as the mate- E
rials iﬁ the pile. However, the size distribution of emis-
sions is somewhat independent of the material, since only
the fines (less than 100 ym) become airborne. Typical
particle size ranges for the emissions are:2

Percent by weight ' |

Size range of emissions \

<3 pm | 30 |
3-30 um - 23
>30 um | | 47

Control Technology - Possible control technology appli-
cations for open storage piles are:

Efficiency,
Emission points Control procedures . percent 3
Loading onto piles Enclosure® ' 70-99
: Chemical wettin 80~90
agents or foam
Adjustable chutes ' 75
Movement of pile Enclosure 95-99
: ' Chemical wetting agents 920
Watering 50
Traveling booms to no estimate k
distribute material
Wind erosion Enclosure 95-99
Wind screens - very low
Chemical wetting agents 20
or foam
Screening of material no estimate
prior to storage, with
fines sent directly to
processing or to a
storage silo '
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Efficiency,
. Emission points Control procedures percent
Loadout® Water spraying 50
Gravity feed onto 80
conveyor _
Stacker/reclaimer 25-50

8 peference 5.
References 6 and 7.

¢ Reference 8.

Enclosing materials in storage is generally the most
effective means of reducing emissions from this source
category because it allows the emissions to be captured.
However, storage bins or silos may be very expensive.
Storage buildings must be designed to withstand wind and
snow loads and to meet requirements for interior working
éonditions. One alternative to enclosure of all material is
to screen the material prior to storage, sending the over-
size material to open storage and the fines to silos.

Wind screens, or partial enclosure of storage piles,
can reduce wind erosion losses but do not permit capture of
the remaining storage pile fugitive emissions. Earthen
berms, vegetation, or existing structures can serve as wind
screens. _

Telescoping chutes, flexible chute extensions, and
traveling booms are used to minimize the free fall of mate-
rial onto the pile and resulting emissions. Similarly,
emissions due to loadout can be reduced by reclaiming the
material from the bottom of the pile with a mechanical plow
or hopper system. Telescopic chutes with aspiration to
collection devices range in price from $26,000 to $42,000
for a system handling 90 Mg (100 ton) per minute.g* The
use of telescoping chutes and flexible chute extensions for

* Mention of company or product names is not to be considered
as an endorsement by the U.S. Environmental Protection
Agency. :




piles with high material flow rates may require closer
control of operations because of the possibility of jamming.
Traveling or adjustable booms can handle high flow rates,
but have greater operating costs.

Wetting agents or foam which are sprayed onto the
material during processing or at transfer points retain
their effectiveness in subsequent storage operations.
Wetting agents retain surface moisture for extended periods,
thereby preventing dusting. Spraying of the material prior
to storage may not be possible in cases where product con-
tamination could result (e.g. Portland cement clinker) or
where the material is water soluble. However, such materials
are generally not placed in open storage anyway. Steam has
also been found to be an effective dust suppressant for some
short-term storage operations. No test data are available,
but by visual appearance, steam-treated trona (soda ash)
piles are as dust-free as those sprayed with wetting agents
or foam.

The capital costs of enclosed storage vary from $107 to
$255 per cubic meter of capacity ($3.04 to $7.22 per ft3),
depending on the handling and storage requirements of the

specific material.lo'll

The chemical and application costs
for wetting agents range from $0.01 to $0.05 per Mg} while
the comparable costs for foam are $0.022 to $0.11 per Mg
($0.020 to 0.10/ton).7'12’l3’14* It should be noted that
the application rates used in the cost estimates would be
sufficient to control transfer and conveying emissions as

well as storage emissions.

* .
Mention of company or product names is not to be con-
gidered as an endorsement by the U.S. Environmental
Protection Agency.
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2.1.5 Waste Disposal Sites

' Description - Fugitive dust can occur anywhere dusty

waste material is dumped for disposal._ This includes over-
burden piles, mining spoils, tailings, fly ash, bottom ash,
catch from air pollution control equipment, process overload
discharges, building demolition wastes, contaminated prod-
uct, etc. Like open storage, emissions come from dumping
and from wind erosion across unprotected gsurfaces. Since
waste piles are generally not disturbed after dumping, there
are no emissions from an activity comparable to loading out
of the storage pile. However, there may be emissions from
transporting the waste material on-site (if it is dry when
it is produced) or from a reclamation process such as land-
fill covering associated with the waste disposal operation.
If the surface of the waste material does not include a
compound that provides cementation upon weathering or if the
surface is not compacted or if an area of very little
rainfall, wind erosion of fines can occur with winds greater
than about 21 km per hour (13 mph).

Emission Rates - Equipment activity which occurs at the

disposal site, such as construction or covering of land~-
filled material, can generally be categorized as.heavy
earthwork construction. It may be appropriate to apply the
emission factor for heavy construction from EPA's Compila-
tion of Air Pollutant Emission Factors (Supplement 5) -- 2.7
Mg/hectare (1.2 tons per acre) of active construction per
month.l This value should be adjusted with the same clima-
tic correction factor used for storage piles: (lOO/PE)z.
Note that waste disposal site emissions are likely to vary
with different types of materials. No information is avail-
able, however, to quantify these differences.




Under a separate contract to U.S. Env1ronmental Pro-
tection Agency, emission estimates for- dried copper talllngs
have been developed by PEDCo Env1ronmenta1 Inc. with use of
the U.S. Department of Agriculture's wind erosion equatlon 2
These estimates are a function of regional climatic condi-
tions and assume no surface crustlng.

Emissions for dried
copper tailings
Climatic factor® Mg/hectare/yr tons/acre/yr
10 2.9 1.3
20 ' 5.8 2.6
30 9.0 4.0
40 11.9 5.3
50 _ : . 14.8 6.6
60 17.9 . 8.0
70 20.8 9.3
80 ' - 23.7 10.6
90 26.9 12.0
100 29.8 13.3
-120 35.8 16.0

2 see Flgure 2-2 for the cllmatlc factors for all
parts of the country.

b Reliability rating of E.

For disposal of material such as fly ash, an engineering
estimate of the uncontrolled handling and windage losses may
be 1 to 5 percent.

For most waste dumps, there are em1551ons when the
material is dumped onto the pile but probably only mlnlmal
additional emissions from wind erosion due to a lack of
small particles on the surface} ‘An emission factor of 10
gm/Mg (0.02 1b/ton) has been used to estimate dust emissions
from truck dumping of large material. 3
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Inventory Techniques -~ It is not possible to provide a

general technique for estimating total plant emissions from

this source category because of the wide range of waste

material characteristics and disposal procedures.,
Characterization of Fugitive Emissions - The emissions

would be the same chemically as the waste material unless it
contained a component that could be selectively eroded
because of its smaller particle size or low density. As
with storage piles, the size distribution of emissions would
be somewhat independent of the size of the waste material,
gince only the fraction less than about 100 um diameter
would become airborne.

Control Technology - Possible controls for reducing

emissions from waste disposal operations and their estimated
efficiencies are presented in Table 2-8 and discussed in the
following text.

Small volume wastes that are especially dusty, such as
fly ash or street sweepings, are best handled as a slurry or
wetted in order to prevent dust losses. Pug mills are
sometimes used in the lime industry to thoroughly moisten
kiln dust before transport to the disposal site. If the
waste material must be kept dry to eliminate corrosion or
chemical reactivity problems, it should be handled with the
same care as process material to minimize fugitive dust
emissions. Fugitive dust from waste disposal operations is
sometimes a problem through oversight or lack of interest.
After spending hundreds of thousands of dollars to remove
particulate air pollutants with highly efficient electro-
static precipitators or baghouses, it is foolish not to take
such precautions as covering the material removed from the
collection equipment while hauling it to a dumpsite. Reason-
able environmental policies wbuld also indicate advisability

\
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Control Technology - Control technology options for

copper smelting IPFPE sources (except those covered in
Section 2.1) are presented in Table 2-23 and are explained
in more detail below.

One method to reduce fugitive emissions from roasters
is to increase the draft of air through the roaster. The
discharge of calcine from the roaster can be enclosed and
vented to control equipment, as can conveyors transporting
the calcine to the reverberatory furnace. If larry cars are
used to transfer the calcine, they can be covered to reduce
fugitive emissions. Roaster charging can be controlled by
hood systems. Fabric filters or ESP's can be used as re-
moval equipment.

Hood systems can be used to control reverberatory slag
and metal tapping operations. Such a system (with baghouse)
at a smelter with three reverberatory furnaces has been
estimated to require a flow rate of 42 Nm3/sec (90,000 scfm)
and cost over $1,000,000.10
control the converter slag return charge hole on the re-

At another plant, plans to

verberatory furnace by installing a 14 m3/sec (30,000 acfm)
hood system ducted to an existing ESP are estimated to cost
approximately $100,000.5 Reverberatory leakage can be
reduced by a comprehensive maintenance program. Increasing
the flow rate of the primary system will decrease leaks but
may also reduce the 50, concentration in the gas stream.
This is a disadvantage if a flue gas desulfurization system
is used.

During converter roll-out for charging and tapping, the
primary hood system can be vented directly to a control
device (baghouse or ESP), bypassing the acid plant. One
plant exhausts approximately 24 m3/sec (50,000 acfm) in this
manner for a 90 Mg (100 ton) capacity furnace.5 However,
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3,770 Mg (4,147 tons) per year. Major sources of fugitive
emissions are ore concentrate unloading, roaster operations,
and converter operations.

particulate emissions from prlmary copper smeltlng consist
basically of oxides and dust. Limestone dust emissions from
stockpiling, handling, and transfer have a mean particulate
diameter of 3-6 ﬁm of which 45-70 percent is less than 5 ﬁm.
Five percent of the fugitive particulate emissions from
roasting are less than 5 um and have an exit temperature of
about 300-480°C (600-890°F). More extensive data con-
cerning size characteristics of fugitive emissions from
roasting are not available, however, presented here are addi-
tional characteristics of uncontrolled roaster exhaust gas
which in all likelihood closely resemble the fugitive
emission characteristics. Fifteen percent of the particu-
late in exhaust gas are less than 10 pym and 85 percent are
greater than 10 um. Lead content of the particulate is 0.5-
12 percent by weight.8

Fugitive particulate emissions from reverberatory
furnaces consist mostly of copper oxides of which 50 percent
are less than a 37 um mean diameter and have an exit tem-
perature of 149-416°C (300~780°F). Little information is
available concerning characteristics of fugitive emissions
from converters except that 44 um is the mean particulate
diameter.7 _

Table 2-22 presents additional information concerning
chemical composition of fugitive emissions from various
process steps in primary copper smelting.

Copper oxides are the basic fugitive emissions from
pouring and casting, 16 percent of which are less than 10 um

and 46 percent of which are less than the 74 um mean d:l_ameter.7
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source common to all copper smelters, but not specifically
included in the Figure or Table, is plant roads. Proper
evaluation of this category is explained in Section 2.1,

IPFPE Emission Rates - Table 2-21 presents a summary of
uncontrolled emission factors for the copper production
IPFPE sources. -Since these are potential uncontrolled
emission rates, the site-~specific level of control must be
considered when applied to a particular plant. Also included
are reliability factors for each estimate.

The emission factors for the various smelting opera-
tions (other than storage piles) are based on material
balance estimates. Therefore, these values received a
reliability rating of "E", which indicates at best an order
of magnitude estimate. Consequently, actual emission rates
at a given facility could differ significantly from those in
Table 2-21.

Example Plant Inventory - The example plant inventory

for primary copper smelting as shown in Table 2-21 presents
potential fugitive particulate emission quantities from the
various uncontrolled sources within the process. The
inventory represents a plant which produces 90,478 Mg
(99,645 tons) of copper per year. The plant inventory is
not meant to display a typical plant, but merely a potential
set of circumstances.

The assumed feed rate of raw materials to produce 1 Mg
of copper was as follows:

® . 1.53 Mg (1.68 tons) of fluxes (limestone)

o 3.37 Mg (4.71 tons) of ore concentrate

Not included in the inventory are fugitive emissions
from plant haul roads. There sources may be calculated
using procedures outlined in Section 2.1. Total model plant

uncontrolled process fugitive particulate emissions are
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The third step in smelting is converting, in which the
matte is concentrated to about 98 percent copper. Molten
matte, silica flux, and scrap copper from other parts of the
smelter are charged into the converter. Air is blown into
the mixture removing SO, and creating blister copper, off-
gases, and slag. The slag is returned to the reverberatory
furnace for recovery of copper values. The off-gases con-
tain dust and S0, and require cleaning and further treatment’
before discharge to the atmosphere.

The blister copper from the converter is further puri-
fied by fire refining. Air is forced into the molten metal
bath, oxidizing impurities and some of the copper. Fluxes
may be added to slag off other undesirable constitutents.
When the copper oxide content reaches about one percent, the
slag is skimmed. After the oxidation is complete, the bath
is deoxidized with green logs or reformed gas. When this
process, has reached the desired stage, the molten copper is
poured into molds to make anodes for electrolytic refining.

At the electrolytic plant the anodes and cathodes (thin
starting sheets of refined copper) are hung at carefully
spaced intervals in lead or plastic~lined concrete cells
containing the electrolyte solution. The electrolyte is
essentially a solution of copper sulfates and sulfuric acid.
Electric current is applied and copper is dissolved from the
anode and enters the solution. At the same time, an equiva-
lent amount of copper is plated out to the cathode. The
impurities fall to the bottom of the tank as anode mud.
These muds are later refined for their metals. The refined
copper cathodes are sold as such or remelted and marketed as
ingots, bars, wirebars, billets, and cakes.

A process flow diagram for primary copper smelting is
shown in Figure 2-8. Each potential process fugitive emis-
sion is identified and explained in Table 2-21. A dust
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2.3.2 Primary Copper Smelters

Process Description - Copper smelting is the process by

which copper is separated from its ores and purified. The
four steps in the process are roasting, smelting, converting
and refining.

The sulfide ore concentrate may be roasted to remove
éart of the sulfur, to dry ﬁhe conéentrate; volatilize some
of the impurities and preheat the material for charging in
the reverberatory furnace. However, due to improvements in
ore concentration and handling techniques, most smelters do
not currently roast the ore concentrate. Of those that do,
multiple-hearth furnaces in which a series of hearths are
stacked one above another, or fluidized bed roasters are
used.

There are several disadvantages to the use of roasters.
Charging fine concentrates to roasters increases dust losses,
The sulfur content of high grade concentrate is limited and
all sulfur may be needed for the matte, The use of roasting
is a high capital and operating expense.

After roasting, the calcine is transferred to the
smelting furnace by cars. This furnace is an electric arc
or reverberatory type. 1In addition to flue dQust and copper
precipitates, limestone and silica flux are added to help
separate the copper from gangue materials. At the furnace
temperature used, the copper combines readily with sulfur
and any excess sulfur combines with iron in the charge.
These cuprous and ferrous sulfides form a mixture called
matte which separates by gravity from the slag. The slag
contains the remaining iron in combination with flux mate-
rials. The slag is tapped from the furnace and discarded
and the matte is withdrawn for transfer to converters.
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Particulate and Fluoride Emissions Control, Anaconda
Aluminum Company, Columbia Falls, Montana. PEDCo-
Environmental Specialists, Inc., Cincinnati, Ohio.
Prepared for U.S. Environmental Protection Agency,
Division of Stationary Source Enforcement, Under
Contract No. 68-02-1321 (Task 3). February 1974.

Gerstle, Richard W. Primary Aluminum Industry. PEDCo-
Environmental Specialists, Inc. Prepared for: U.S.
Environmental Protection Agency, Office of Research and
Development. Contract No. 68-02-132]1, Task Order No.
26. June 1975, : '

Pewitt, Lawrence. Personal Communication. Texas Air
Control Board. October 6, 1976.
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total vent gas flow rate of 12,000 m3/sec (25,500,000 acfm)
and an estimated costs of $20.7 million (1973 basis). This
system would reduce particulate emissions vented from the
cell rooms by approximately 50 percent.8'9

Particulate emissions from refining and casting of
aluminum may be reduced through installation and use of a
primary control system, and by modifying the refining
procedures. When chlorine gas or chloride compounds are
used particulate emissions increase. Thus, if other non-
chloride containing gases or salts can be used for refining,
emissions will be reduced. Increasing the exhaust flow of
the primary control system will increase hood capture effi-
ciency and thereby reduce fugitive loses, Scrubbers func-

tion adequately to control such emissions.lo
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lytic cells are currently hooded and vented to a primary
control system. The vent rate for each cell must be care-
fully cbntrolled'to prevent raw material (alumina) carry-
over and potential operating problems. Thus the vent rate
cannot always be increased without specific study. A gobd
primary hood design with an exhaust rate of 1 to 4'm3/sec
(2000-8000 acfm) per cell should achieve 97 to 99 percent
capture efficiency on prebaked and horizontal-stud Soderberg

. . 2
cell emissions. r3

Vertical-stud Soderberg cells are more
difficult to enclose, and hood capture efficiency is on thé
order of 70 to 95 percent of the total cell emissions with
exhaust flows of 0.2 to 0.3 m>/sec (400 to 600 acfm) per
cell.z’8 | ' | '

Careful control of cell temperature through regulation
of electrical input will reduce cell upsets and the escape
of emissions from around the hood. Improved hood;main-
tenance and rapid replacement of electrodes will also reduce
emissions from the primary hood system.

When cell emissions have been reduced as much as pos-
sible through good operating techniques and primary hood
operation, and a fugitive emission problem is still evident,
a building evacuation system may be required. Cell room
buildings are always vented through roof monitors, and by
ducting the roof monitors to a control device, emissions
that are vented through the roof can be reduced. This
technique is currently in use (though not typical) on a few
vertical-stud Soderberg plants primarily to control fluorides.
The control device consists of ducts, fans, and spray cham-
ber to reduce the particulate and fluoride emissions (foam
scrubbers have been tried on a pilot scale at one lbcation).
A secondary design for one plant with aﬁaluminum production
capacity of 163,400'Mg (180,000 tons) per year involved a
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Table 2-20. CONTROL TECHNIQUES FOR PRIMARY
ALUMINUM PRODUCTION IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS

Preventative procedures Capture Removal
and operating changes methods equiprent
2

s
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1. Materials receving and handling (including v x
conveying, grinding, screening, mixing, and
paste preparation) :
2. Anode baking X x IR
3. Electrolytic reduction cell x| x| x X ] +[ x x ,
4, Refining and casting X A H x| x

x Typical control technique.
o In use {but not typical) control technique.

+ Technically feasibie control technique.
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Table 2-19, REPRESENTATIVE PARTICULATE SIZE DISTRIBUTION
OF UNCONTROLLED EFFLUENTS FROM

PREBAKED AND HORIZONTAL-STUD SODERBERG CELLS6
Particles within size range, wt%
Size range, um Prebaked Horizontal-stud Soderberg

1l ‘ 35 44

l to 5 25 26

5 to 10 4

10 to 20

20 to 44 5 4
44 22 12

Control Technology - Control technology for IPFPE
- sources in the primary aluminum industry (except for those

covered in Section 2.1) are presented in Table 2-20.

Anode baking fugitive emissions occur where no primary
control system is utilized on the baking furnace. The most
effective method of eliminating theée emissioné is to
install a primary control system on the furnace. Furnace
emissions are usually controlled by venting the flﬁe gases
through a scrubber or occassionally an electrostatic pre-
cipitator. Where such a system does not exist or when it
does not provide sufficient draft, fugitive emissions occur.
Installation of a new system or'upgrading of an existing
system is the preferred control technigue and should'provide
greater than 95 percent control. '

Electrolytic cell emissions can be reduced by improving
the primary hooding and emission collection system, iﬁproVing
cell operation by better control of electrical current, |
improved hood maintenance, and by venting the cell building
through a low pressure drop control system. All electro-
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Table 2-18. EMISSION SOURCES AND CONTAMINANTS

No. Source - Contaminant

1. - Material handling A1203, AlF3

2, Anode baking Coke and pitch dust

3. Electrolytic re- | Al;03, AlF3, NayCOj,
duction cell CaFy, NagAl3Fj4, carbon

3a. Soderberg anodes dust, condensed HC, and

tars
4. Refining AlClg4, AliQa, Cryoclite

Alumina (Al,0,), Cryolite (NajAlF.), Aluminum Fluoride
(AlF4), Fluorspar (CaFj,), Sodium Carbonate (Na,;CO3).

Of the particulates generated approximately 10-25
percent by weight is fluorine content.2 Particle size
distribution data for the material handling operations are
not available but most of the emissions are expected to
settle within the plant property. One source for size data
for fugitive emissions from the reduction cell is shown in
Figure 2-7. 8ize data from another source is presented in
Table 2-19. The distribution of emissions is bimodal as a
result of different emission processes which may tend to
generate particulates either concurrently or in an inter-
rupted pattern, Particulate emissions from the anode baking -
and metal refining operations are reported to be in the
submicron range.4'
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Table 2-17. RAW MATERIALS FOR THE PRODUCTION OF

ONE Mg OF ALUMINUM® '
‘Material Amount
Alumina (A1203) 1.9
Cryolite (NaBAlFG) 0.03 - 0.05
Aluminum Fluoride (A1F3) 0.03 - 0.05
0.003

Fluorspar (CaFZ)
Anode
Petroleum Coke
Pitch Binder
Cathode (Carbon)

Total: Approximately

0.490 Prebake, 0.455 Soderberg
0.123 Prebake, 0.167 Soderberg

0.02

2.6 Mg raw material/Mg Al

Not included in the inventory are fugitive emissions

from plant haul roads. These sources may be calculated

using procedures outlined in Section 2.l1. Total model plant

uncontrolled process fugitive particulate emissions are

2,295 Mg (2,528 tons) per year (prebaked plant). Major

sources of fugitive emissions are anode baking and reduction

cell operations.

Characterization of Pugitive Emissions - Listed in

Table 2-18 are constituents of emissions for the four fugi-

tive particulate sources.
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included in the Figure or Table, is plant roads. Prbper

~evaluation of this category is explained in Section 2.1.

IPFPE Emission Rates - Table 2-16 presents a summary of

uncontrolled emission factors for the aluminum production
IPFPE sources. Since these are potential uncontrolled
emission rates, the site-specific level of control must be
considered for application to a specific plant. Also in-
cluded are reliability factors for each estimate.

The emission factors for the electrolytic cell and
anode baking operation are based on source test data and
engineering judgement. Therefore, these values received a
reliability rating of "D". The material handling operations
include unloading, conveying, grinding, mixing,'and making
green anode or paste. Since the raw materials are stored in
bins, storage is not a fugitive source. The material hand-
ling and refining emission factors are based on engineering
judgement and, therefore, they received a reliability rating
of "E". Consequently, actual emission rates at a given
facility could differ significantly from those in Table
2~16.

Example Plant Inventory - The example plant inventory

for primary aluminum smelting as shown in Table 2-16 pre-
sents potential fugitive particulate emission quantities
from the various uncontrolled sources within the process,
The inventory represents a plant which produces 200,000 Mg
(220,400 tons) of aluminum per year. The plant inventory is
not meant to display a typical plant, but merely a potential
set of circumstances.

Listed in Table 2-17 are approximate feed rates of raw
materials to produce 1 Mg of aluminum.
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Figure 2-6. DProcess flow diagram for primary aluminum:
production showing potential industrial process

fugitive particulate emission points.
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The second most commonly used pot is the horizontal-
stud Soderberg. This type of cell uses a continuous carbon
anode in which a mixture of pitch and carbon aggregate is
periodically added at the top of the cell, and the entire
assembly is moved downward as the carbon burns away. The
cell anode is contained by aluminum and steel channels,
through which electrode connections, called studs, are in-
serted in the anode paste (the pitch and carbon aggregate
" mixture). ' As the baking anode is lowered, the lower row of
studs and the bottom channel are removed and the flexible
electrical connectors are moved to a higher row.

The vertical-stud Soderberg is similar to the hori-
zontal-stud pot except that the studs are mounted vertically
in the cell. '

When current is applied, over a period of time, the
alumina breaks down and the molten aluminum goes to the
bottom of the pot. Additional alumina is added to the batch
to replace that consumed in the reduction process. Heat is
generated by the resistance to the flow of electrical
current in passage through the cell. The cell is designed
to be operated within a narrow temperature range. The heat
generated is sufficient to maintain the electrolyte in a
molten state as well as to dissolve added alumina. Periodi-
cally, molten aluminum (99.5 percent pﬁre) is siphoned from
the reduction cells into crucibles and transferred to gas-
fired holding furnaces, or cast in large sows for later
remelt. Refining is accomplished by fluxing with gas or
various salts to removed oxides and gas inclusions.

A process flow diagram for primary aluminum smelting is
shown in Figure 2-6. Each potential process fugitive emis-
sion is identified and explained in Table 2-16. A dust

source common to all aluminum smelters, but not specifically

2-102 .




2.3 PRIMARY NON—FERROUS’SMELTING INDUSTRY
2.3.1 Primary Aluminum Production

Process Description - Smelting is the process that

breaks alumina down into its two components, aluminum and
oxygen. The basic smelting process is the Hall-Heroult
Process. 1In this process, alumina is dissolved in a bath of
molten cryolite (sodium aluminum fluoride) in large electric
furnaces. These pots, as the furnaces are called, are deep
rectangular steel shells lined with carbon and connected in
series to form a "potllne " _

Although cryolite is the primary ingredient, the elec-
trolyte in industrial use has'four.constituents.- These four
constituents and their range of composition are: cryolite,
80 to 85 percent; calcium fluoride, 5 to 7 percent- aluminum
fluoride, 5 to 7 percent; alumina, 2 to 8 percent. The
melting'point of the cryolite is 958°C (1760°F). Alumina is -
added regularly to replenish the quantities converted to
aluminum, and other constituents are added as needed to
malntaln a predetermined bath compos1tlon.

High-amperage, low—voltage direct current is passed
through the cryolite bath, by means of carbon anodes sus-
pended in each pot, to the bottom of the pot which serves as
the cathode. _

There are three types of pots currehtly in use: pre?.
baked, horizontal-stud Soderberg (HSS), and vertlcal—stud
Soderberg (VSS). The major portion of aluminum produced in
'the United States is processed in prebaked cells. In thlS
type of pot, the anode consists of blocks that are formed
from a carbon’ paste and baked in an oven prlor to. use in the
cell. These blocks are attached to metal rods and serve asv
replaceable anodes. As the reduction proceeds, the . carbon
is gradually consumed.
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emissions as with bulldlng evacuatlon, but requires less
exhaust volume because of the smaller area.

Bulldlng evacuation systems are estlmated to achieve
nearly 100 percent capture of the emissions from electric
arc furnaces. A baghouse will collect 95 percent of the
emissione. Canopy hoods have been estimated to capture 50
to 90 percent of the fugitive emissions, those from changing
and tapping. 24 this estimate is based on judgment from
visual observations and consequently the range is wide. The
efficiency will also vary between specific installations and
from day to day for a given 1nsta11atlon due to factors such
as the volume of the emission plume and cross drafts in the
building.

Scarfing emissions can be captured by a hood and ducted
to either a scrubber or ESP.

Ingot casting can be controlled by fixed or mevable
hoods depending on space limitation and operating procedures.
Building evacuation is an alternative but requires large
volumes of air. It is estimated that a flow rate of 236
m /sec (500,000 acfm) is required for each pouring aisle.
The purchase and installation cost for a two aisle evacua-
tion system using medium temperature baghouses is estimated
at $1,500,000 and $70,000 annual maintenance cost.l3 1n
addition, careful control of pouring temperature can help
alleviate the generation of fugitive emissions. However,
pouring temperature is an important metallurgical parameter
and can not always be controlled to reduce emissions. The
choice of mold release materials not containing oils and
other volatiles will also help prevent the generation of
fugitive emiesions. |




Each of these systems has advantages and disadvantages.
Direct evacuation of the furnace is effective but will not
control all operations (e.g. charging). Local and roof or
canopy hoods must be located so as to not interfere with
normal operations, but can control charging and tapping
emissions.18,19,20 Building evacuation can capturé all
fugitive emissions, but reqﬁires large volumes of air.
Several electric furnace shops are exhausting over 472
m /sec (1 million ft /mln) One installation handles 755
m /sec (1.6 million ft /mln) at a capital cost of over $10
million.20+21 Generally flow rates for building evacuation
range from about 1.4 to 1.9 Nm /sec (3000 to 4000 scfm) per
Mg (ton) capacity.l3

A common control system is the use of both direct
furnace evacuation and canopy hoods.20,22,23 1n designing
the system, the canopy hood should be positioned as close
above the source as possible without interferring with crane
operations. Nine to twelve meters (30 to 40 ft) between the
furnace and the canopy is often necessary. Sheet metal
partitions can be installed on three sides of the furnace to
create a chimney effect. Flow rates are approximately 1 to
2 Nm3/sec per Mg (1,500 to 4,000 scfm per ton) capacity. In
one plant the installed cost for the baghouse, ducting,
hoods, and monitor closing for a 210 m3/sec (440,000 acfm)
system is estimated to be $2.38 million including building
rnodification.14

When a system such asg direct shell evacuation is not
used to capture emissions during melting and refining,
canopy hoods may not be adequate. In these cases, building
evacuation may be necessary.

Another promising capture technique is to enclose the
furnace and evacuate the enclosure. This contains all



evacuation is complete enclosure of the furnace and tapping
areas to control charging, tapplng, ladle alloy addltlons,
‘and slagglng. Furnace enclosures with a draft of approxi-
mately 165 m /sec (350,000 acfm) are currently operating
effectlvely.

Other control techniques for BOF shops include local or
canopy hooding of the individual emission points. Secondary
hoods can be used to control charging and tapping emissions.
The collected emissions can be ducted to the ex1st1ng or a
new collecting device. Many steel mills are redesigning
their hood and ducting systems instead of purchasing from a
vendor. Extra capacity ductwork, and hooding are the main
alterations, Puffing, emissions from the BOF during oxygen .
lancing, will not occur if adequate draft is maintained by
the primary collector. As well, charging can be controlled
by the "jaw" damper, a device which increases draft at the
charglng aisle side of the main exhaust hood and thus
promotes better capture.

To control open hearth furnaces, complete or partial,
building evacuation is p0551ble, but like the BOF shop,
would require very large flow rate. Such a system if
installed, however, would control all emission points to
some degree. An alternative would be canopy or local
hooding of the charging doors and tapping area. This would
also control furnace leaks. These hoods could be ducted to
the existing control device or to separate systems.

There are many effective control options for electrlc
furnace melt shops. These include:

° Direct evacuation of the furnace,
° Local hoods above the furnace,

® © Roof or canopy hoods,

® - Building evacuation.




Table 2-15. CONTROL TECHNIQUES FOR
STEEL MANUFACTURING IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS
Preventative procedures Capture Removal
and operating changes methods equipment
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have a‘vertical velocity of 1.0 to 2.8 meter/second (200 to

500 fpm) at a temperature of ambient to 27°C (80°F) above

| ambient. The fugltive particulate emissions have a mean
diameter of 0.3-5 ym (1.3 um average) of which 59-99 percent

'are less than 5 um.lo )13

Fugitive emissions from scarfing are usually less than
2 um and have an exit temperature of 23°C (42°F) above
amb1ent.2 12

Control Technology -~ Contreol technology options for the

steel production IPFPE sources (except those covered in
Section 2.1) are presented in Table 2- -15 and are explained
in more detail below.

Hot metal or molten steel reladling can be effectively
controlled by a close fitting movable ladle hood. For
example, reladling for a 350 Mg (320 ton) capacity furnace
is controlled by a 59 m /sec (125, 000 acfm) ladle hood and
high energy scrubber. Also, canopy or local hoods to con-
trol the same reladling station would require a 140 m;/sec
(300,000 acfm) flow.3 An installed cost for a 70 m3/sec
(150,000 acfm) system including baghouse erection, insula-
tion material, transportation of equipment, site prepara-
tion, and auxiliary equipment such as fans, ductwork,
monitors, and control 1nstrumentation has been estimated at
$525,000. 1% o

For the BOF shop, once the emissions escape into'the
building.they are difficult to capture. This would require.
complete or partial building evacuation to control. While
this may be a preferred alternative from an operational
viewpoint, and because of the relatively complete capture of
emigsions, disadvantages are the high flow rate requirements
~and cost. Flow rates for such a system would be in excess
of 470 m /sec (995,000 acfm).“ An alternative to_building




emissions from steel production are charging and tapping

emissions and related operations.

particulate emissions from steel production con51st basic-
ally of iron oxide. Fugitive particulate emissions from a

1
!
|
Basic Oxygen Furnace (BOF) may have exit temperatures of '
290-1650°C (560-3000°F) but this temperature quickly de-

creases before any major dispersion of the particuiates.

Fugitive emissions from a 40 meter (130 ft) BOF building |
monitor may have a vertical velocity of 10 meter/second |
(2000 fpm) with an exit temperature of 150°C (300°F). These

fugitive emissions have a mean diameter of 0.5 um of which

85-99 percent are less than 5 um. Fugitive hot metal
.charging fumes from the BOF process are 35 percent iron

oxide and 30 percent kish (graphite). Fugitive tapping

fumes are 75 percent iron oxide and are less than 10 um.

Fugitive hot metal reladling fumes are 55 percent iron

oxides less than 3 um and 42 percent graphite greater than

75 um. Fugitive emissions from a slagging are usually less

than 100 um.lo’ll'12

Fugitive particulate emission from the Open Hearth

Furnace process may have exit temperatures of 240-980°C

(460-1800°F) which also guickly cool before dispersing.

Fugitive emissions from a 24 meter (80 ft) height will have

a vertical velocity of 0.89 meters/second (175 fpm) and a

temperature of 11°C (52°F) above ambient. The fugitive

particulate emissions have a mean diameter of 0.3-5.0 um of

which 50-99 percent are less than 5 um.lo ' 12

Fugitive particulate emissions from an Electric Arc

Furnace process may have exit temperatures of 540- =-1650°C

(1000-3000°F) but quickly cool pefore dispersing. Fugitive

emission from a 27 to 42 meter (90 to 137 ft) height will
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Proper evaluation of this emission category is explained in
Section 2.1.
IPFPE Emission Rates - Table 2-14 presents a summary of

uncontrolled emission factors for the steel production IPFPE
sources. Since these are potential uncontrolled emission
rates, the site-specific level of control must be considered
for application to a gpecific plant. Also included are

‘reliability factors for each estimate.

Since emission estimates are available for the BOF shop
roof monitor (all fugitive emissions) and some individual
processes within the building, both were included in Table
2-14. However, where only building monitor estimates are
available, attempts were not made to estimate emissions from

the individual emission point within the building.

Example Plant Inventory - The example plant inventory

for steel production as shown in Table 2-14 presents poten-
tial fugitive emission quantities from an integrated facility
having Basic Oxygen, Open Hearth, and Electric Arc pPro=-
cesses. The plant 1nventory is not meant to display a
typlcal plant situation, but merely a potentlal set of
circumstances. The assumed annual rate of steel production
from the integrated facility was as follows:

e Basic Oxygen Furnaces - 1,816,000 Mg (2,000,000 tons)
e Open Hearth Furnaces - 635,600 Mg (700,000 tons)
° Electric Arc Furnaces - 454,000 Mg (500,000 tons)

| Total production - 2,905,600 Mg (3,200,000 tons)

Not included in the inventory are fugitive particulate
emissions from plant haul roads. These sources may be
calculated using procedures outlined in Section 2.1. Total
model plant uncontrolled process fugitive particulate emis-
sions are 1605 Mg (1771 tons) per year. Major sources of
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Figure 2-5. Process flow diagram for steel production showing
potential industrial process fugitive particulate emission points.



Surface defects are removed in a process called scarf-
ing and may be done either by hand or mechanically. The
mechanical hot scarfer is installed directly in the mill
line and is composed of a number of scarfing torches (oxyace-
tylene). The machine is designed to remove a thin layer
(one~eighth inch or less) of metal from all four sides of
red-hot steel billets, blooms, or slabs as they travel
through the machine., Scarfing is also done manually in some
mills and usually the material to be.scarfed is cold. Prior
to rolling, the material must be reheated in a horizontal
furnace. '

Slabs may be further processed to plates or coils. The -
coils are usually processed in the sheet and tin mills.
Oxides and scale are chemically removed from the surface of
the metal by pickling. The conventional facility'for pick-~
ling strip is a horizontal continuous line of.equipment
consisting of a tank or tanks divided into separate sections
for pickling, washing,'etc. with uncoiling and welding
equipment on the entry end and rewind and shearing equipment
on the exit end. .

After pickling, the coils in the sheet and tin mills
may receive one of many treatments. These include cold
reduction, batch or continuous annealing, tempering, tin
plating, galvanizing, tin-free coating, chroming, slitting,
leveling, shearing, etc. Blooms and billets are processed
into shapes, structural, tubular, bars, rebars, and wire.

A process flow diagram for steel production is shown in
Figure 2-5. FEach potential process fugitive emission point
is identified and explained in Table 2-14. A dust source

common to all steel producing facilities, but not spec-

ifically included in the Figure or Table is plant roads.
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hearth. From the time the pool forms, the charge is heated
from the bottom up by radiation from the pool, by heat from
the arcs and by the resistance offered to the current by the
scrap. Often second and third charges may be added to the
melt. During these charges considerable fugitive emissions

are evolved. 1

Melting continues until the charge is com-
pletely melted. Composition of the steel is then adjusted
by adding alloys, blowing oxygen into the bath and by use of
fluxes to remove impurities. The molten steel is then
tapped into a ladle by tilting the furnace. Cycles or
"heats" vary considerably depending on the type of steel
produced. They range from 1 1/2 to 5 hours to make carbon
steel to 5 to 10 hours to make alloy steels.

The finished steel from whatever type of furnace, is
tapped into ladles and carried by an overhead crane to a
pouring platform where the steel is either teemed (poured)
into a series of molds or carried directly to a continuous
casting unit. Before teeming or casting, the steel may be
vacuum degassed to lower the free gas content of the steel.
When teemed into molds, the molten steel solidifies to form
an ingot. Continuous casting is a process whereby the
molten steel is teemed into a tundish and the flow from the
tundish is controlled as the molten steel discharges into
one or more molds of the continuous caster or strands. The
solidified steel is withdrawn from the bottom of the molds
as a continuous strand and subsequently cut to desired
lengths as the casting continues.

After the ingots are cool, they are stripped from the
mold and transferred to a heating furnace (called a soaking
pit) where the temperature of the ingot is raised and egual-
ized to soften the steel for rolling on the primary rolling
mills., The products of the primary mills, known as the

semifinished products, are called blooms, slabs and billets.
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iron to the furnace and an oxygen lance is lowered into the
furnace and the flow of oxygen is started. Striking the
surface of the liquid bath, the oxygen immediately starts
exothermic reactions by oxidation of carbon, silicon,
manganese, and some of the iron. Fluxes and other additives
can be added to the furnace during the operation through an
opening in the hood. - -

At the completion of the blow (30-45 minutes), the
lance is withdrawn and a temperature reading is taken and a .
sample of steel withdrawn for chemical analysis. When the
temperature and composition are satisfactory, the furnace is
tilted and the molten steel is transferred into the ladle
‘positioned on a transfer car where alloying additions may be
made. _ Ct

Hot metal is delivered to the basic oxygen shop in
submarine or torpedo cars from the blast furnace.. The metal
is transferred to a charging ladle at the reladling station
where the car and metal are weighed in order to charge the
proper amount of hot metal. A crane transports the molten
iron to the steel making vessel.

Electric - In an electric arc furnace, the heat is
supplied by electrical energy. With the power turned off, .
the electrodes and roof are swung out of the way. Solid
scrap and other components of the charge (sometimes including
hot metal) are placed'inxthe furnace by means of the over-
head crane. Alloying materials are added as and when
required. |

After charging is complete, the roof is returned and
the electrodes are lowered. The power is turned on and the
current passes from the electrodes, through the charge.
Since the arcs melt the portion of the charge directly
_beneath each electrode, the electrodes "bore" through the’
solid charge with the melted metal forming a pool on the




2.2.3 Steel Manufacture

Process Description -~ Steel is usually made from sérap
steel and/or molten iron (hot metal). Impurities present in
the scrap and pig iron (such as sulfur and phosphorus) are
reduced with fluxes. The content of carbon alloys such as
manganese or silicon are adjusted as necessary. The three

main types of steel producing furnaces are electric arc,
open-hearth and basic oxygen.

Open hearth - In the open hearth process for making
steel, a mixture of scrap steel, fluxes, and hot metal is
melted in a shallow rectangular basin or hearth. The charg-
ing machine places the scrap materials and fluxes in the
furnace. The molten metal is conveyed by means of a refrac-
tory-lined trough from a ladle into the furnace. Burners
are located at the end walls of the furnace and are alter-
nately used. Heat for the furance is supplied by burning
fuel o0il, tar-pitch mixtures, coke-oven gas, or natural
gas. Impurities are removed in a slag which forms a‘layer
on top of the molten metal. If oxygen is used, it is
injected into the furnace through the roof of the furnace to
speed the refining process, save fuel, decrease tap to tap
time and increase steel production rates. A complete cycle
(one heat) usually takes about ten hours for conventional
furnaces but with the use of oxygen lancing or an oxygen en-
riched fuel, the heat time may be reduced to six hours,
depending on the amount of oxygen introduced. The steel is
then tapped into a ladle through a port at the rear of the
furnace.

Basic oxygen - The basic oxygen process requires no
external source of heat. A cylindrical-base, lined furnace
with a dished bottom and truncated - cone shaped top is
charged with scrap steel. A transfer ladle adds molten pig
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(1180 m3/sec or 2.5 million c¢fm system) to control its blast
furnace tapping operations.9

Wet suppression by means of a water spray is a poten-
tial means of controlling fugitive emissions during handling
and dumping of slag. However, if the slag is felati?ely hot
during this period, wet suppression will not be desirable
since it may result in the generation of larger volumes of
fugitive emissions. When dumping the slag, if the free-fall
distance is kept to a minimum the generation of fugitive'
emissions can be somewhat alleviated. Confinement of the
slag dumping area or installation of wind break walls will
help in preventing the generation of windblown fugitive
emissions. If the dumping area is a relatively small desig-
nated area, it may be possible to construct a fixed hood
which can vent fugitive emissions to a baghouse.

Wet suppfession during slag crushing will normally be
effective in controlling fugitive emissions. Alternative
controls include use of a fixed hood over the crusher or use
of a closed building with evacuation to a fabric filter.




Operating practices in conjunction with control of raw
material quality can be methods used to prevent slips in
blast furnaces and thus the generation of fugitive emis-
sions. Operators of blast furnaces will often vary the
sequence of skip car loads (coke, ore, stone, etc.) in order
to minimize slips. However, since no two blast furnaces are
alike, the sequence must be specific to each furnace. In
the event that slips do occur, there are two technically
feasible control techniques for fugitive emissions. The
bleeder valve can be vented down to ground level-with
exhaust into a water hot well where particulates will settle
out in the well and the gases bubble out. A second method
would be to construct a box over the bleeder valve. Con-
tained in the box structure would be baffles which would
induce the settling of particles. A disadvantage to this
system, however, would be that during periods of high
moisture content caking could occur, resulting in decreased
efficiency of the system. It should be noted that these two
methods are considered feasible but are not known to be
used.

Tapping of iron and slag can both be controlled by the
use of fixed or movable hoods. The choice of a fixed or
movable hood will depend on space limitations as well as
related operations which may make one type more desirable.
At times because of furnace design, a hood must be placed
some distance above a tapping area. Under such conditions
movable curtains will aid in directing fugitive emissions
into the hood. Close covers over iron and slag runners are
another way of effecting fume capture, especially in well
operated shops. Venting to a baghouse will effectively
remove the emissions. A major steel manufacturer recently

spent $6.5 million for hooding, ducting, and fabric filter



prevent the generation of fugitive emissions. Also if the
free-fall distance from the discharge to the receiving
system is minimized,'the amount of'fugitive emissions gen=-
erated can be greatly reduced. Confining the windbox dis-
charge and receiving systems will keep fugitive emissions
from dispersing. The use of a fixed hood constructed around
the discharge or over the receiving system will effectively
capture fugitive emissions which can then be vented to a _
baghouse. Normally these fugitive emissions are negligible.
Sinter machine discharge and screening fugitive emis-
sions may be controlled through confinement by enclosure.
If the system has primary controls, increasing the exhaust
rate may increase collection efficiency. However, this may
require changes such as a new fan and motor. Redesign of
the existing control system or repair and/or replacement of
faulty parts may also help alleviate fugitive emission.
problems. A fixed hood construdted over screening opera-
tions will effectively control fugitive emissions, particu-
larly if screenihg is of the'agitation type. Vehtiﬁg to a
baghouse will effectively remove the emission. Fugitive
emissions from the sinter cooler can be controlled by con-
fining the cooler and venting to an air/mechanical édllector
or to a fabric filter. Wet suppression may be used for _
controlling fugitive emissions from sinter machine dischargé,
screening, or cooling. However, since the sinter is very
 hot during these operations, much steam and mist are gen-
erated Wet suppression is sometlmes used on the slnter as
it comes from the cooler. However, the application rate
must be controlled since an increased moisture content of
the sinter will necessitate higher heat requirements in the
blast furnace.
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Table 2-13. CONTROL TECHNIQUES FOR
IRON PRODUCTION IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS
Preventative procedures Capture Removal
and operating changes methods equipment
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1. Ship or railrosd car unloading v
2. Iron ore storage 4
3, Iron ore handling and transfer /
4, Limestone storage v
5. Limestone handling and transfer 14
6. Coke storage v
7. Coke handling and transfer v
8. Blast furnace flue dust storage v
9. Blast furnace flue dust handling and transfer v
10. Sinter machine windbox discharge v ol x + |+ +
11. Sinter machine discharge and screens x| x oo X X
12. Sinter cooler + x X
113, Sinter storage v
14, Sinter handling and transfer 4
15. Blast furnace charging v
16. Blast furnace upsets (s1ips) of of + +,
17. 8last furnace tapping - iron + |+ +
18. Blast furnace tapping - slag + ]+ +
19, Slag handiing + | + 4| + +
20. S$lag dumping and Storage + +
21. Slag crushing X X + X

x Typical control technique.
o In use (but not typical) control technique.

+ Technically feasible control technique.




Fugitive emissions from sintering consist mostly of ore
dusts and metal oxides with a mean particulate diameter of
48-180 um. Only 1-10 percent are less than S-nm; Exit
temperature is 38—149°C_(100—300°F). At the discharge end
of the sintering process and during cooling, fugitive iron
oxides emitted have a mean particulate diameter of 48-180 pum
of which 80 percent are less than 100 pm size.l'8 -

Fifteen to ninety percent of the fugitive hot molten
fumes, iron oxides and incandescent particulates expelled

during blast furnace operations have a mean diameter less

than 70 um. Exit temperatures are 1650-2200°C (3000-4000°F).2

IPFPE sources (except sources with negligible emisgsions or
those covered in Section 2.1) are presented in Table 2-13.

. Control of fugitive emissions by wet suppression is practi-

cal when attempting to control emissions from slag handling,
dumping, and crushing. Use of water suppression on other
portions of the process is not advisable because this would

- require higher heat requirements in the blast furnace.

Fugitive emissions from handling and transfer of raw
materials can be controlled by enclosure of the operations
as well as better control of the operating parameters and
procedures. For example, conveyor belt systems may be
partially covered to prevent wind;biown fugitive emissions
or totally enclosed to prevent all fugitive emissions.
Control of operations such as not overloading transport
systems and reducing free fall distances from grab buckets

-and clam shells, will also reduce fugitive emissions.

Fugitive emissions generated during sinter machine
windbox discharge can be effectively controlled by several
methods. Wet suppression by means of applying a fine spray
to materials as they are discharged from the windbox will

8 .




The assumed feed rate of raw materials to produce 1
metric ton of iron was as follows:

° "0.36 Mg (0.40 tons) sinter

1.2 Mg (1.2 ton) iron ore

0.59 Mg (0.65 ton) coke

0.25 Mg (0.28 ton) limestone flux

o o ©

The product and by-products resulting from this gquantity of
feed are as follows: '

° 1.00 Mg (1.10 tons) iron

°. 0.30 Mg (0.33 ton) slag

° 0.05 Mg (0.06 ton) flue dust
The feed rate of raw materials and resulting product and by-
product quantities will differ from plant to plant depending
on the availability of raw material and the desired product.
However, the yearly uncontrolled fugitive emissions listed
in Table 2-12 do represent a potential situation.

Not included in the inventory are fugitive emissions
from plant haul roads. These sources may be calculated
using procedures outlined in Section 2.1, Total model plant
uncontrolled process fﬁgitive particulate emissions are 4009
Mg (4400 tons) per year. The largest potential source of
fugitive emissions is iron ore handling and storage. Other
major potential sources of fugitive emissions are sintering
operations and blast furnace tapping.

Characteristics of Fugitive Emissions - Fugitive par-

ticulate emissions from iron production consist basically of
coke, limestone, and iron ore dusts as well as iron oxides.
Coke dust emissions from stockpile, handling and transfer
have a mean particulate diameter of 3-10 um. Limestone dust
from stockpiles, handling, and transfer has a mean particu-
late diameter of 3-6 pm, of which 45-70 percent is less than

5 um.2
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Figure 2-4. Process flow diagram for iron production
showing potential industrial process fugitive

particulate emission points.
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slag as it flows from the blast furnace. Slag is often
processed for use as a fill material or aggregate.

A process flow diagram for iron production is shown in
Figure 2-4. Each potential process fugitive emission point
is identified and explained in Table 2-12. A common dust
source found at iron-producing facilities but not specific-
ally included in the Figure or Table is plant roads. Proper
evaluation of this emission category is explained in Section
2.1.

IPFPE Emission Rates - Shown on Table 2-12 are poten-

tial uncontrolled emission factor ranges for the IPFPE
sources. Since these are potential uncontrolled emission
rates, the level of control must be considered if applied to
a specific plant. Also included are reliability factors for
each estimate.

The estimates of ship or rail'unloading were obtained
from Section 2.1 of this report. Storage loss emission
estimates were obtained from Compilation of Air Pollutant
Emission Factors, ap-42,1 Handling and transfer emission
rates were determined using the best available data and
engineering judgement. Blast furnace and sintering emis-
sions were the latest emission estimates,

Example Plant Inventory - The example plant inventory

for iron production as shown in Table 2-12 presents poten-
tial fugitive emission quantities from the various uncon-
trolled sources within the process. The inventory repre-
sents a plant which produces 1,290,000 Mg (1,420,000 tons)
pig iron per year. The plant inventory is not meant to
display a typical plant, but merely a potential set of
circumstances.
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skip car hoist or by belt conveyor. Coke, raw iron ore, and
limestone are also stored in bins at the furnace and are.
charged in the same manner. h _

The blast furnace reduces the iron ore and iron-bearing
materials to produce pig iron.'_Iron—bearing materials (iron
ore, sinter, pellets, mill scale; slag, scrap iron), coke
and fluxes (1iméstone, dolemite, etc.) are charged into the
top of the furnace and referred to as burdén. Heated air is
blown into the furnace near its base or hearth line through
tuyeres. In some instances fuel oil or powdered coke is |
also blown into the bottom. The burden descends down the
furnace and the iron ore and iron bearing materials are
reduced and melted by the countercurrent flow of the hot
reducing gases created by the combustion of coke. Occas-
sionally slips may occur as the burden.decends.' Slips are
due to an initial wedging or bridging of the stock in the
furnace. When this occurs, the material underneath con-
tinues to move downward and a void is created. The void
tends to increase in size until the "bridge" collapses,
causing a sudden downward moVement of the stock above and a
sudden release of emissions. '

Hot metal is tapped from the furnace thfoﬁgh a hole or
notch and is poured into submarine or torpedo railroad cars
and delivered to the steel'making furhéces; Slag from the
blast furnace is either tapped from a higher notch than the
hot metal or removed from the furnace through the iron notch
during a cast. The slag is guidéd in runners or troughs and
discharged into a slag pit adjacent to the blast furnace or
into a slag thimble for transporting to a slag dump or other
area. The slag going to the slag pit‘adjacent to the blast
furnace can be water-sprayed or air-cooled and then removed
by trucks. Slag granulators are also used for processing




2.2.2 Iron Production

Process Description - Pig iron is the result of smelt-
ing iron ore, iron-bearing materials and fluxes with a
carbonaceous agent, usually coke, in a blast furnace. About
90 percent of the pig iron produced in the United States is
consumed in making steel; the remainder is used for iron and
steel castings. '

Fine particles, whether in natural ores or in concen-
trates, are undesirable as part of the blast furnace feed.
The most desirable size for blast furnace feed is between
0.64 and 2.5 cm (0.25 and 1.0 inch). Of the numerous
methods available for agglomeration, sintering is most often
found at the steel mill.

In the sintering process, a mixture of iron ore fines,
iron-bearing materials or concentrates, coke fines, and
steel plant waste materials (such as blast furnace flue
dust, mill scale, etc.) are mixed and then spread on a
traveling grate. The traveling grate is like an endless
shallow trough with small openings in the bottom. The bed
of material on the grate is ignited on the top by burners
fired with oil, natural gas, or coke oven gas. As the grate
moves slowly toward the discharge end, air is pulled down
through the bed to support combustion. As the coke in the
bed burns, the heat generated agglomerates the small par-
ticles. At the discharge end of the machine, the sinter is
crushed to proper size, then cooled and finally screened.

In some cases, limestone fines are also added to the sinter
feed to produce a self-fluxing sinter. This replaces part
of the limestone normally charged into the blast furnace.

Very little sinter is stored in open piles. Usually,
it is carried directly to bins at the blast furnace where it
is weighed and transferred to the top of the furnace by a
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c.  $2,264,000 for a hood with a scrubber. on a rail- .
car;

d. $4,557,000 for a shed and scrubber; and -

e. $7,823,000 for a shed and wet electrostatlc
precipitator,

The hlgher capital cost of the shed—prec1p1tator system is
partially offset by lower operatlng costs that result from a
low pressure drop.30 '
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The control devices used with the capture systems
discussed above are scrubbers and wet electrostatic precipi-
-tators. Both have been demonstrated to achieve better than
98 percent collection of emissions when installed on a shed.
A venturi scrubber has achieved 99 percent cleaning of
emissions from a hood and can be expected to perform the
same on an enclosed car. The Aronetics wet scrubber has
been shown to achieve better than 99 percent collection on
fine ferroalloy fume and is used on one enclosed quench
car.29 ’

A factor that affects the performance of any system to
control pushing emissions is the "greenness" of the coke
pushed. Green coke, with high levels of volatile matter,
will result in a greater guantity of uncontrolled emissions,
hence a greater load for the control system. Any assessment
of the performance of a control system should consider this
factor (see Table 2-10 for greenness variations).

One other significant factor is the emissions from the
hot coke car as it travels to the quench station after a
push. When a shed is used, these emissions are captured
until the car exits the shed. For enclosed cars and hoods,
capture varies with design. Those designs where the car is
covered and drafted will control emissions until the car
reaches the quench station. Where no cover is used, the
emigsions are controlled after the car moves away from the
oven pushed.

Examples of installed costs for these technologies,
adjusted to November 1975, are as follows. Based on a coke
capacity of 746,500 Mg/yr (821,000 ton/yr), these costs are:

a. $3,250,000‘for an enclosed car with a scrubber on

a railcar;

b. $3,632,000 for a hood and stationary scrubber;




one of three roughly defined categories. These are:

(1) sheds over the coke side of a battery; (2) enclosures or
hoods on the hot coke car; and (3) bench-mounted hoods over
the hot coke car. | |

Sheds-are literally a building over the entire coke
side of a battery. Emissions from the Pushing operation are
contained in the shed and slowly evacuated through a control
device. The capture efficiency has been estlmated in two
cases as 91 percent and 85 percent.l14,16

- Enclosures on the hot coke car vary in de51gn.' aAll,
however, embody a close-fitting enclosure that minimizes any
openings to the atmosphere. Size and location of these
openings and the amount of draft applled to the enclosure
are important parameters that affect capture efficiency.
Although no measurements have been made, visual observations
indicate capture performance comparable to a shed. 25,26
Enclosed quench cars distinguish themselves by whether they
are single spot or movable during pushlng and whether draft
is created by fans or other means.

The third category, bench mounted hoods, exhibit great
variety in design and performance. Generally, they entail
greater areas open to the atmosphere than enclosed cars,
typically at the interface between the hood and hot coke
car. Greater gas volumes are required, though not as great
as a shed. Capture eff1C1ency varies widely with design.
Eff1c1ency increase with larger hoods, greater gas volumes,
and smaller open areas. Capture efficiency for the better .
de31gns (the closest fitting hoods with suff1c1ent gas
volume) may equal the capture performance of sheds or enclosed
hot coke cars, if combined with operatlng practices to
minimize the greenness of the coke.-27'28
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Table 2-11. CONTROL ALTERNATIVES AND COSTS FOR
CONTROLLING CHARGING EMZ_I:_§SIONSa

Method Capital cost,b $

Charing on the main with
stage or sequential

charging
(o]
with jumper pipe 140,000
addition of a dual 900,000
collecting main
Pipeline charging = negligible
2 phis represents additional costs above a typical
larry car for an existing battery.
b pata obtained from References 10 and 20. This repre-
sents costs for a battery with 60 ovens, 4 m tall.
c

Without installation of additional gas off-take
holes.

Coking (oven 1lid, standpipe, and door leaks) - Emis=-
sions from leaks during the coking cycle can be reduced by
good maintenance and replacement practices. For oven lids
and luted doors, prompt sealing after they are replaced and
resealing when necessary is one of the best techniques.

Oven door hoods over individual doors and sheds over the
coke side of a battery (which is a technique to capture
pushing emissions) also will effectively capture emissions
from doors on that side of the battery. Gas cleaning
efficiencies in excess of 85 percent for door emissions have
been achieved with wet electrostatic precipitators.

Pushing - To capture pushing emissions there is a
variety of systems that are in use, under construction or
planned throughout the world. More concepts are expected to
be developed. Most of these systems do, however, fall into
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essentially uncontrolled to excellent control. Among these
factors are the (1) strength of aspiration; (2) degree to
which oven openings to the atmosphere are kept closed
throughout a charge; (3) use of aspiration at both ends
of the oven; (4) maintenance of a free space at the top of
the oven for the evolved gases to pass freely to the ascen-
- sion pipes; (5) maintenance of a free passage through the
ascension pipe; and (6) control of timing of steps in AA
charging operations. The control efficiency for the best
form of this system (stage charging) has been estimated as
99+ percent for any specific charge.20 : ‘
Pipeline charging is a closed system., Coal is charged
through pipes permanently connected to the ovens. Evolved
gases and entrained coal fines are recovered in a charging
main and recycled to the coal preheater plant. Some poten-
tial for emissions from oven leaks still exists and emis~
sions from the coal preheating plant (discharging through a
stack) should be considered. Though operating problems have
been experienced with the first instéllations now in opera-
tion, the potential control efficiency is judged to be high.
Table 2-11 presents cost estimates for different
control alternatives for controlling charging emigsions.
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these are a variety of polycyclic organic compounds that are
carcinogenic and mutagenic. The amount of organic compoundé
in the emissions is greatest for charging and oven leaks.

Considerable analysis of particle sizes has been done
for emissions from the pushing operation. The data show
that for pushing emissions captured by a shed (large parti-
cles settle under a shed and are not captured) 27-80 percent
are <10 um and 15-26 percent are <2 um. One set of data on
emissions captured by a hood (large particles are captured)
show 11 percent <10 um and 4 percent <2 um.24

Control Technologyl-3,8-10,18-23 _ charging and pushing

operations and oven leaks are the major fugitive emission
sources in a coke plant. Several methods exist for the
control of emissions from these sources. Control technology
options for coking IPFPE sources (except those covered in
Section 2.,1) are presented below.

Coal crushing and handling - Emissions from the coal
preparation operations are controlled by the use of enclosed
conveyor systems, transfer points, and various processing
equipment points. One or several parficulate collection
devices, such as cyclones and fabric filters, are usually
used for separating particulates from fhe exhaust air.

Charging - Methods for the control of charging emis-
sions mostly consist of aspirating the evolved.gases into
the battery main where they are ducted to the recovery
plant. Some batteries, where preheated coal is charged, use
a closed pipeline system. Descriptions of these methods
follows.

Charging on the main consists of drawing the evolved
gases into the battery main, and then into the recovery
system by a steam ejector located at the top of the oven
ascension pipe. Many factors influence the performance of
this type of system, which ranges over a continuum from




The emission factors for the various coking operations
(other than handling) are based on very limited test data.
Therefore, these values received a reliability rating of
"C", which indicates that engineering judgment was used with
the limited test data in estimating emission rates. Conse-
quently, actual emission rates at a given facility will
probably differ significantly (for specific operations) from
those in Table 2-9 and 2-10,

Example Plant Inventory -~ The example plant inventory

for coke production as shown in Table 2~9 presents potential
fugitive particulate emission quantities from the various
uncontrolled sources within the process. The inventory
represents a plant which produces 1,000,000 Mg (1,102,000
tons) of sized coke per year suitable for blast furnace
operations. The plant inventory is not meant to display a
typical plant, but merely a potential set of circumstances.

The coal feed rate to produce 1 Mg of sized coke was as
follows:

° 1.55 Mg (1.71 tons) of raw coal

° 1.54 Mg (1.70 tons) of coal charged

Not included in the inventory are fugitive emissions
from plant haul roads. There sources may be calculated
using procedures outlined in Section 2.1. Major sources of
fugitive emissions include coal charging, coke pushing, and
oven door leaks. B |

Characterization of Fugitive Emissions - Fugitive

particulate emissions from coking operations consist basi-
cally of coal and coke dust and polycyclic organic hydro-
carbons. Coal dust emissions from stockpiling; handling,
and transfer have a mean particulate diameter of 1~10 um.
In addition to emissions of coal and coke dust, coke
ovens emit hydrocarbons and organic compounds. Included in
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Figure 2-3, Process flow diagram for coke manufacturing showing

potential industrial process fugitive particulate emission points.
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through flues or standpipes on each oven and collected in a
large duct that extends the length of a battery (the battery
main). These gases are piped through the main to the by-
product recovery section which separates from the gas such
coal chemicals as tar, light aromatic compounds and ammonia.
The coke-oven gases leaving the by-product redovery plant
are used as fuel.

Upon completion of the coking cycle, doors are removed
from each end of the oven and the incandescent coke is
pushed into a hot-coke car by a large ram. The hot-coke, or
quenching, car transports the coke to a gquenching tower, a
chimney-like structure, in which the coke is deluged with
water. The damp, quenched coke is then deposited onto a
sloping wharf where it drains and cools to a uniform mois-
ture content and temperature. The coke is then screened |
into three sizes called blast-~furnace coke, nut coke, and
breeze, which is the undersize. Some plants grind nut coke
to make additional breeze for sintering operations; others
sell it for use in electric smelting of alloys.

A process flow diagram for coke manufacturing is shown

in Figure 2-3. Each potential process fugitive particulate
emission source is identified and explained in Table 2-9.
A dust source category common to all coke manufacturing
plants, but not specifically included in the Figure or
Table, is plant roads. Proper evaluation of this category
is explained in Section 2.1.

IPFPE Emission Rates - Table 2-9 presents a summary of

uncontrolled emission factors for the coke production IPFPE
sources. Since these are potential uncontrolled emission
rates, the site-specific level of control must be considered
for application to a specific plant. Also included are
reliability factors for each estimate.
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2.2 IRON AND STEEL PRODUCTION
2,2,1 Coke Manufacturing

Process Descriptionlr2:,3 - coke is the nonvolatile

residue from the distillation of coal in the absence of air.
The three processes available for coal distillation are the
beehive process, the by~product process, and the form coke
process. Since the by—product'process accounts for more
than 98 percent of the coke produced, only this process will
be discussed.

The raw coal is pulverized to sizes from 0.02 to 0.3 cm
(0.006 to 0.125 inches) then transferred to prepared coal
storage bins. Coals with low, medium or high volatilities
are blended and oil or water may be added for bulk density
control. The mixture is then transported to the coal stor-
age bunkers on the coke oven batteries. (The preheated coal
coking process transfers blended coal to the preheater
directly).

A weighed portion or specific volume of coal is dis-
charged from the coal bunker into a larry car, a vehicle
fitted with coal hoppers that rides on top of the battery on
a wide-gauge railroad track. The coal is transferred into
the ovens from the hoppers through opened coal-charging
ports in the top of empty ovens. In a coke-oven battery,
from about 20 to 100 slot ovens are arranged side-by-side in
a row, with common sidewalls. One oven is charged at a time
such that the charges will be staggered throughout the day.

After charging, lids are placed on the ports for the
duration of the 15 to 40 hour cokﬂhg cycle. The shorter
cycles are for production\of blasq furnace coke and the
longer cycles for foundry coke. During a cycle the ovens
are maintained at a temperature of approximately 1100°C
(2000°F). Gases evolved during.the heating are exhausted
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the costs are §$0.05 to $0.11 per m? (8200 to $450 per acre).6
The costs of physical covering are highly dependent on the
local availability of a cheap, environmentally acceptable
cover material such as wood bark, smelter slag, or gravel.
Fill dirt costs $0.06 to $0.15 per m2 ($250 to $600 per
acre) for a 4-inch cover.2 While applying dirt cover, water
should be used during grading operations to minimize fugi-
tive dust emissions. |

Additional control techniques will be discussed in
reference 8 to be published in July 1977.




Table 2-8. CONTROL TECHNIQUES FOR WASTE DISPOSAL SITES

Emission points Control procedures Efficiency
Handling ' Keep material wet 100%
Covered or enclosed No estimate
hauling
"Minimize free fall of No estimate

the material

Dumping Spray bar at dump area 50%
Minimal free fall of No estimate
material
Semi-enclosed bin No estimate
Wind Erosion Covering with dirt or 100%
stable material a
Chemical stabilization 80%
Revegetation® 25%-100%
Rapid reclamation of No estimate

newly filled areas

Grading _ Watering 50%

a Reference 2.

of covering these wastes with earth and reclaiming the land
by planting a vegetative cover. . |

For wastes which are pumped to a disposal site and
subsequently leave a dry,'exposed surface, (e.g., tailings),
complete crusting of the surface material can reduce emis-
sions as estimated in the Emission Rates section by 80

percent.4 Emission reductions can be achieved by either
chemical or vegetative stabilization of the tailings.

There are numerous methods for stabilizing erodible
waste piles--chemical, vegetative, or physical. Costs for
chemicals, which constitute more than half the total cost of
chemical stabilization, range from $0.02 to $0.18 per m>
($90 to $720 per acre).5 Where the surface does not contain

phytotoxic compounds and is amenable to vegetative growth,
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PRIMARY COPPER SMELTING IPFPE SOURCES

CONTROL TECHNIQUES FOR

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS
Preventative procedures Capture Rerpuval
and operating changes methods equipment
v
g
2
g Bl g .
= 2| &l 3 2
& (-9 [=] Ll @
[ Fd
s 2| &) @ -
=3 = W
el IR MBI &
W | - =N ow| -~ E =
| = - [ I ) 2
(2] W - & %] = 1=}
BlelE| |51 2|8 .
21E| 8 S| a8 il e
- = o L [ I 3 - =
(-] - L% S = 1) =] o =}
el a — " ] E - S| —
=t - o L] [ ] = | 2 -
| -] & - - i =1
glslz] |&l2ls|&|l [2]|23
JHEBHEHBREEE
ey - - ) = L] - o '
- [T} " = O Q v |- = :
W[ e w | o -1 o o @ | ~= | | = |
A I RN HEHEE
Industry:  Primary Copper Smelting alal2l=lslstel | o ele| .,
212128 =l=le] &% 2| * 2
Blol|El5|212E]5|2 1815 | &
a 2 3 E = = o E :‘J g g : ——
L 3 b o [~ [+] = = 3 el
- - o & (v o -} Q- =1 £ L 4=
p—yg B | - al a @ v = L] g
Slw|l8|3|E| 5|53 8 s |a] 3 =38
— -9 et L - B [ ™ [-T) ~ w 153 2
iels|e|3|222|28 (21212 |3l&ls
= —_1 X | & e | & | o= - [V 2 =] [l | o
1. Unloading and handling of ore concentrates 14
2. Ore concentrate storage Y
3, Limestone and flux unloading and handling v
4. Limestone flux storage 4
5. Roaster charging + + 0 °
6. Roaster leakage 0| o + 0 [
7. Caleine transfer 0 o|o] + [ 0
8. Charging reverberatory furnace 4 oo+ 0 o
9. Tapping of reverberatory Yy oo +| -] (-]
10. Reverberatory furnace leakage 7/ + of{al+ -] [}
11, Slag tapping v/ ool ¢+ [} 0
12. Converter charging s o PO I +
13, Converter leakage X P *
14, Slag tapping from converter J a + ||+ + 04 |+
16. Blister copper tapping 14 [ + 1+ 4+ +
16. Blister copper transfer Y/ + |+ |+ -
17. Charging blister copper to fire refining / + |+ +
furnace
18. Copper tapping and casting ’ + |+ +
19. S1ag tapping and handling v + 1+ +
20. Slag pile dumping and cooling / ri il B
x Typical control technique,
o In use (but not typical) control technique.
+ Technically feasible control technique.
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during this roll-out period, the stationary hood and vent
system's fume capture efficiency is very low, sinée the
converter opening is not under the hood. ]
Secondary hoods which capture the fumes during the
roll-out operating mode would decrease_fugitive emissions.
For example, preliminary designs at one plant show that
ventilation hoods, one per converter and each measuring 5 m
(16 feet) in diaméter, can be mounted above the roll-out
position of the converter in such a manner to avoid inter-
ference with the crane. The hood would be elevated suffi-
ciently to minimize interference with converter operation
yet low eﬁough,to capture emissions during charging. All of
the hoods would be connected to a common duct leading to a
fabric filter system equipped with an induced draft fan,
filter cleaning device, and dust hoppers. The ‘hoods would
be equipped with dampers geared to open at converter roll-
out. Such a system sized for a total vent gas flow of 38
Nm /sec (80,000 scfm) is estimated to have an installed cost
(1977 basis) of approximately $900,000 based on similar
systems used in the steel industry.5 The secondary hood
system would have the advantage of obviating the need for
general building ventilation.' Also, better control of
operating parameters and procedures, such as control of the
converter blast air flow, can reduce fugitive emissions as
the converter is tilted.> _
Plans have been made at one plant to isolate the con-
verter section of a building and evacuate the roof monitor
to a fabric filter. The entire building contains three '
converters, two anode baking furnaces, and a reverberatory
furnace. Partitions will be built into the roof trusses to
isolate areas of the building. No hooding directly over the
furnace will be added. The operation will be controlled so
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that only one converter will be in the roll-out position at
any time. The required flow rate is approximately 225
m3/sec (540,000 acfm) at 55°C (130°F), resulting in an air
change every 4 to 6 minutes. The approximate cost is re-
ported to be $7.3 million which includes enclosing the
converter building, ducting, baghouse, and fans. This does
not include $1.0 million needed for stack modifications.
Annual power demands will cost approximately $308,000.1;
Another complete secondary control system for converter
operations with a 38 m3/sec (80,000 acfm) flow rate has been
estimated at $1,154,000 to $6,774,000 for 1 to 9 converters
respectively for capital cost. Annual operating costs are
estimated from $292,000 to $1,752,000 for 1 or 9 converters
resPectively.12

The fire refining furnace can be hooded and ducted to
controls. Estimates have been made of about $450,000 for
the necessary hooding and ducting only.5

The slag pile dumping emissions are currently uncon-
trolled. To our knowledge, no smelter currently controls
slag pile dumping emissions. An intermediate‘dumping site
could be partially hooded and the fumes vented through a
fabric filter or scrubbing system. (However at large
facilities this may require extremely large hoods and air
flow rates, making such a system impractical). Then the
cooled slag would be conveyed to the long term slag disposal
site. Such a system could capture 50 to 70 percent of the
slag pile emissions. A very approximate cost estimated
based on a 5.7 m3/sec (12,000 acfm) installation would be
about $220,000 considering the retrofit and site preparation
problem.5
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2.3.3 Primary Lead Smelters

Process Description - Lead is usually found in nature

as a sulfide ore (Galena - PbhS) containing small amounts of
copper, iron, zinc and other trace elements. Smelting is
the process by which lead is separated from its ores and
purified, and uses essentially th:ee steps: sintering,
reduction in a blast furnace, and refining,

The basic purpose of sintering is to convert the lead
sulfide concentrate into an oxide or sulfate form, whlle
simultaneously producing a hard porous clinker material
suitable for the rigid requirements of the blast furnace.
In order to maihtain the desired level of sulfur_éontent in
the sinter, sulfide-free fluxes such as silica and lime-
stone, plus large amounts of recycled sinter and smelter
residues are added to the mix. The feed for the sinter
machine is crushed and mixed, sometimes pelletized, and
loaded onto the moving sinter machine pallets, The feed is
then ignited, the lead sulfide converted to lead oxide,
sulfur oxides are liberated, and sinter is formed. As the
pallets turn over at the end of the machine, the sginter
‘cakes go through a coarse breaker and screen.

Reduction of the lead oxide to metallic lead occurs in
the blast furnace. The charge, cbnsisting of sinter, coké,
flux and slag forming materials are mixed and introduced
into the blast furnace. During the meltihg process, the
charge may separate into as many as four layers. From
heaviest to lightest, the 1ayérs are: lead metal, matte,
speiss and slag. The slag is removed and conveyed hot to a
fuming furnace for recovery of lead and zinc. Some slag may
be granulated and recycled to sintering. The matte, speiss,
and lead bullion are transferred to drossing kettles where
the lead dross (copper matte, speiss, and oxidized lead)
copper oxides or sulfides, and some of the other impurities
such as tin, indium and antimony are removed.
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In the drossing kettles, the molten bullion is cooled
to 370 to 480°C (700 to 900°F) at which point copper and
other impurities which are soluble in hotter bullion, but
not at this temperature, rise to the surface and are skimmed
off. _

The copper drosses are transferred to a reverberatory
furnace where they are melted with pig iron and silica sand.
After melting is complete, four layers are usually present.
They are from top to bottom: slag, matte, speiss, and molten
lead. The slag is returned to the blast furnace for re-
smelting, the matte and speiss are shipped to copper plants
for recovery of copper and the lead bullion is returned to
the drossing kettle. Arsenic is recovered at only one
copper smelter in the United States.

The lead metal is heated to approximately 540°C (1000°F)
and charged with zinc. The solution is agitated and allowed
to cool. Silver crusts which form may be removed from the
surface by skimming or by use of a vacuum press. These
crusts then go to a retort furnace where the zinc is dis-
tilled off.

The remaining zinc must be removed from the molten
lead. Vacuum dezincing is accomplished in a large kettle so
designed that it is possible to form a vacuum over the metal
surface. The zinc vaporizes in the vacuum chamber and
condenses on the inner dome.

The refined lead is then pumped into casting kettles.
Ccaustic soda and niter are agitated into the molten metal.
The metal is allowed to stand and cool, which brings any
contained impurities to the surface. Submerged pumps con-
tinually pump lead from the kettle bottom and it is cast
into 100 1b pigs or 1 ton ingots.
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A process flow diagram for lead Production is shown in
Figure 2-9. Each potential process fugitive particulate
emission point ig identified and éxplained in Table 2-24,.
Plant haul roadsg which are a common source at most facilji-
ties are not depicted in the Table or Figure. Proper evaliia-
tion of this emission category is explained in Section 2.1,

uncontrolled emission factors for primary lead smelting
IPFPE sources. Since these are potential uncontrolled emik-
sion rates, the site-specific level of control must be con-
sidered for application to a specific plant. Also included
are reliability factors'for‘each estimate, ' _ '

The emission factors for the various smelting opera-~
tions (other than'storage pPile) are based mostly on very
limited test data and therefore receive a reliability rating
of D. Consequently, actual emigsion rates at a given facil-
ity could differ significantly from those in Table 2-24,

Midwest Research Institute is presently conducting
fugitive emission tests on lead smelters. Data should be
available in several months, o

Example Plant Inventory - The example plant inventory
for primary lead smelting as shown in Table 2-24 presents
potential fugitive particulate emission'quantities from the

various uncontrolled Ssources within the process. The inven-
tory represents a pPlant which produces 200,000 Mg (220,000
tons) of lead per year. The plant inventory is not meant to
display a typical plant, but merely a potential set of
circumstances. _ '

The assumed feed rate of raw materials to produce 1 Mg
of lead was as follows: '
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® Sinter Machine Feed

1.5 Mg (1.65 tons) of ore concentrate
0.4 Mg (0.44 tons) of flux (limestone)
0.2 Mg (0.22 tons) of coke

° Blast Furnace Feed

1.7 Mg (1.8 tons) of sinter

0.3 Mg (0.33 tons) of coke

0.1 Mg (0.11 tons) of slag (dross)

0.02 Mg (0,022 tons) of silica

0.02 Mg (0.022 tons) of limestone

0.02 Mg (0.022 tons) of baghouse dust

0.2 Mg (0.22 tons) of iron ore

Not included in the inventory are fugitive. emissions

from plant haul roads. These sources may be calculated
using procedures outlined in Section 2.1. Total model plant
uncontrolled process fugitive particulate emissions are 4532
Mg (4985 tons) per year. Fugitive emissions from upset
conditions are not included in this total since it cannot be
predicted how often upset conditions will occur during a
year's operation. Major sources of fugitive particulate
emissions are sintering operations, lead ore concentrate

handling and transfer, and zinc fuming furnace vents.

Characteristics of Fugitive Emissions - Fugitive parti-
culate emissions from primary lead smelting consist basic- '
ally of dust from the various stockpiles as well as metal
oxides from the various smelter process operations. Ninety-
six percent of fugitive coke dust from stockpiling, handling,
and transfer has a mean particulate diameter of less than 47
um. Seven percent of silica dust from stockpiling, hand-
ling, and transfer of sand is less than 75 nm and 80 percent
is greater than 5'um. Limestone dust from stockpiling,
handling, and transfer has a mean particulate diameter of 3~

6 um of which 45-70 percent is less than 5 ﬁm.B
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Little information is available concerning fugitive
particulate emissions from the sintering operation except
that exit temperatures from leakage and fumes are 120-315°C
(250°-600°F) .3 Table 2-25 lists the percent of lead, cad-
mium, and zinc contained in fugitive particulate emissions
from various sintering operations.7 The following is a
listing of size distributions of flue dust from an updraft
sintering machine effluent.ll Though these are not fugitive
emissions, the size distributions may closely resemble those
of the fugitive emissions.

Size (um) Percent by weight
20-40 15-45
10-20 9~30
5-10 4-19
<5 1-10

Particulate fugitive emissions from the blast furnace
consist basically of lead oxides, 92 percent of which are
less than 4 um in size.3 Effluents from the flues consist
of oxides as well as sulfates, sulfide, chloride, fluoride,
and coke dust all of which may well be contained in the
fugitive emissions.ll Table 2-25 lists the percentage of
lead, cadmium and zinc contained in fugitive particulate
emissions from blast furnace roof vents and from blast
furnace upset conditions.7

Information concerning fugitive particulate emission
from lead dross reverberatory is unavailable; however, the
following data on uncontrolled exhaust gas is presented
gince it may closely parallel fugitive emission character-
istics. Particulates are largely less than 1 ﬁm with a lead
content of 13-35 percent by weight. Exit temperatures are
760-980°C (1400-1800°F) .12
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Table 2-25, CONCENTRATIONS OF LEAD, CADMIUM, AND ZINC IN
| FUGITIVE PARTICULATE EMISSIONS OF VARIOUS

PRIMARY LEAD SMELTING OPERATIONS

- - _ ;;rcggt by weight
Process Lead Cadmium Zinc
Ore concentrate storage 37 0.8 8
Return sinter transfer 19 0.6 2
Sinter sizes and storage 58 0.7 5
Sinter proddct dump area 31 0.6 6
Sinter transfer to blast furnace 39 0.7 6
Blast furnace roof vents 1 47 0.4 | 8
Blast furnace upset 1 27 4.0 7
Lead refinery roof vents‘ 37 0.3 19
Lead casting roof ducts | 38 0.1 18
Zinc fuming furnace area 3 - 62

Source: Reference 7.

Note: 1In. the near future Midwest Research Institute will
complete a lead control techniques document with
further information on lead concentrations.
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Control Technology - Control technology options for the

primary lead production IPFPE sources (except those covered
in Section 2.1).are presented in Table 2-26 and are explained
in further detail below.

Storage, handling, and transfer of the raw materials
used in primary lead production as well as process transfer
operations_éan be effectively controlled by either wet
suppression (water and/or chemical) or confinement by en-
closure. Wet suppression is the least desirable method.
since the resultant higher moisture content of the raw
materials may necessitate increased energy réquirements in
further process steps which require low moisture content
materials. Confinement by enclosure can be accomplished in
several ways. Complete enclosure of a storage area may not
be necessary, rather a three-sided structure (with or with-
out roof) which protects against the predominate wind direc-
tion may adequately control fugitive emissions. Handling
and transfer equipment such as conveyor belts can be covered
or enclosed to prevent fugitive emissions during such opera-
tions. Since blast furnace flue dust is normally collected
in a closed system, fugitive emissions are normally negli-
gible.

Fugitive emissions from mixing and pelletizing can be
controlled if these operations are enclosed to prevent
particulate escape. However, if this is not practicable
because of limited space, building evacuation to a baghouse
can be used to control fugitive emissions.

Fugitive emissions resulting from leakage of sinter
machine updraft exhaust and reverberatory furnaces may be
effectively controlled by better control of operating para-
meters and procedures. For instance, if proper feed rates

and operational checks are adhered to properly, often times

2-143




Table 2-26. CONTROL TECHNIQUES FOR
PRIMARY LEAD SMELTING IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHQDS
Preventative procedures Capture Removal
and operating changes methods _equipment
-
%
E
- gl EIS g
Y] n.em ]
£ 2| & » .
:--. - I E
| w | - a&-&g g
EREFERE
=15 |28 518 (4]l
el Slelelznl |ElE]s
“Wh - | o g -—S.-
Elw] & 2= v E =1% 2
gleig| (5|2 5|5 [E]28
HHEI IR s/o| s
,‘-'ﬂl_I-EmEo =l &
"'.'-Wa!!amm .:24:
| HEEHEIHEEEIH B EIEE
Industry: Primary Lead Smelting 2 2 HEIR: ol -1 8|52
Wl ml =] & @ 4
HAMHEEHHE RN
ol wjiw|Slal®]|E al B 2 3
UESEEEEE& 9| @ —
=4 =| 5 -
AR RN TR A R g 3 cly
EHHJE?:LL’M 2'U Ug
b= I~ c 318l ele (R % T.| 38
gﬁ-_hg""::“n-u ®x | =] @ a8 & | &
2(=S|(8|28|8(& & |& ol I il I
. Railroad car and truck unloading
1a, Limestone v/
1b. Silica sand '
1c. Lead ore concentrate v
1d. Iron ore v
te. Coke v
2. Blast furnace flue dust
2a. Storage v
2b. Handling and transfer 4
3. Limestone
3a. Storage 4 WA
3b. Handling and transfer 'l 7
4. S1lica sand
4a, Storage |/
4b, Handling and transfer |/
5. Lead ore concentrate
Ga. Storage /1y
5b. Handling and transfer /Y
6. Iron gre
6a. Storage v
6b, Handling and transfer 24
7. Coke
7a. Storage /| v
7b. Handling and transfer A4

x Typieal conirol technique.
o In use (but not typical) control technique.

+ Technically feasible control technique.
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Table 2-26 (continued).

PRIMARY LEAD SMELTING IPFPE SOURCES

CONTROL TECHNIQUES FOR

Industry: Primary Lead Smelting

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS

Praventative procedures
and operating changes

Capture
noathods

Removal
equipment

Control technologies identified in Section 2.1

IPFPE source t}pically uncontrotled

Hegligible emissions

Wet suppression {water andfor chesical)

Better controel of raw material quality

Better control of operating parameters and procedures
Improved maintensnce and/or constrection program
Increase exhaust rate of primary control systew

Confinement by enclosure

Fixed hoods, curtains, partitions, cavers, etc.

Movable hoods with Flenible ducts
Closed buildings with evatuation

Fabric filter
Scrubber
ESP

. Mixing and pelletizing

o

o

. Sinter machine updraft exhaust leakage

. Sinter return handling

. Sinter machine discharge and screens

. Sinter crushing

. Sinter transfer to dump arwd

. Sinter product dump area

. Charge car or conveyor lpading and transfer

of sinter

, 8last furnace - monitor (total)

16a. Charging

16b. Blow condition
16¢. Upset

16d. Tapping

x M
-
k]

17.

Lead pouring to ladle and transfer

18,

$lag pouring

. $lag cooling

20,

Slag granulator and slag piiing

21.

Iinc fuming furnace vents

22.

Dross kettle

23.

Reverberatory furnace leakage

24.

Silver retort bullding

25,

Lead casting

-*

Typical contrdl technigue,

In use (but not typical) control technique.

Technically feasible control technique.

2-145




this will prevent the initial generation of fugitive emis-
sions. However, if fugitive emissions are a result of
poorly maintained equipment, faulty seals, worn equipment, 
etc. replacement of necessary parts and/or improved main-
tenance schedules will be necessary to eliminate fugitive
emissions. Increased exhaust rate of the primary collection
systém may reduce leakage, however this may not be a desir-
able method of contro) if ambient air is drawn into the
furnace or sinter machine.

Fugitive emiséions from sinter machine discharge‘and
screening as well as sinter crushing can be effectively
controlled in several ways. The simplest way is to control
operating parameters and procedures such as not overloading
the process to the point where excessive fugitive emissions
may be generated. Because of the natﬁre of such operations,
however, it may be nécessary‘to completely enclose the
operations, evacuate the building, or install fixed hobds
Which can' be vented to fabric filters. In the same mahner,
fugitive emissions from the silver retort buildihg may also
be controlled by means of building evacuation to a fabric
filter. Confinement and evacuation of the sinter dump area
may also be integrated into this control system.

Fugitive emission from blast furnace‘charging and
tapping, lead and slag pouring, and lead casting are most
effectively controlled by the use of movable or fixed hoods,
depending upon space limitations, with subsequent venting to
a fabric filter system. Fugitive emission from the blast
furnace blow condition can normally be controlled through
sinter quality control and proper sinter/coke ratios to
maintain a smoothly running blast furnace operation. Upsets
in the blast furnace can be minimized by use of quality
-materials and/or improvement of operating procedures to

2-146




prevent upset and thus fugitive emissions. Enclosure of the
blast furnace with subsequent ventilation to control equip-
ment will effectively control fugitive emissions but space
may be a llmltlng factor.13

Confinement by enclosure will effectlvely control
fugitive emissions from slag while cooling. However, if the
volume of slag is small enough so as to allow use of a hood,
this may be more desirable if it can be vented to an exist-
ing fabric filter system. It may also be possible to apply
such a system to buildings housing zinc fuming furnaces.
Since a fabric filter is the product collector fbr zinc
fuming furnace it may therefore be more desirable to employ
a good hooding system rather than enclosure.14 |

Wet suppression will effectively control fugitive
emissions from slag granulation and piling after it has
cooled. If, however, the slag is still hot during this
operation confinement by enclosure is more desirable since
wet suppression may only generate more fugitive emissions.

Fugitive emissions from dross kettles can be controlled
by use of fixed or movable hoods (depending on space limita-
tion) with subsequent venting to a fabric filter.
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2.3.4 Primary Zinc Production

Process Description - The ore is usually concentrated

at the mine and transported to the plant for further pro-
cessing. Several different combinations of pProcesses are
used by zinc smelters to prepare the ore concentrates for
extraction of zinc. In every case the process must be
pPreceded by complete roasting to convert zinc sulfide into
zinc oxide and thereby make it leachable or reducible with
carbon. The most common process in zinc production is
electrolytic recovery. Pyrometallurgical production of zinc
using a vertical retort furnace is practiced at only one
plant in the United States.l

The electrolytic recovery of zinc from the roasted ore
involves the following steps:

° Dissolving (leaching) the roasted ore in dilute
: sulfuric acid to form a zinc sulfate solution.
° Removal of impurities from the solution (purifica-
tion).
° Electrolysis of the zinc sulfate by passage of a

current from an insoluble anode to an insoluble
cathode upon which the zinc metal is deposited.

The anodes are usually made of lead and the cathodes are
rolled aluminum sheets. At regular intervals the cathodes
are removed and the deposited zine stripped from each side.
The stripped sheets are melted in a furnace and finally
transferred to the casting area where they are cast into
slabs.

In the pyrometallurgical process, the roasted ore is
agglomerated by sintering. Feed for the sintering machine
is a mixture consisting of calcine or concentrates, recycled
ground sinter and the required amount of carbonaceous fuel
(usually coal or coke). Silica is added to increase strength
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and hardness of the sinter mass. The pelletized clinker
from the sintering process is mixed with coke (used as the
reducing agent) and reduction of the ore to metallic zinc
occurs in a retort furnace. When the retort is charged, its
mouth is fitted with a condenser made of refractory material
and the furnace is heated to about 1300°C (2370°F). The
zinc vapor escapes from the retort and is collected in the
condenser as liquid metal. The process takes about twenty
hours and after completion, the molten zinc is transferred
to the casting area where it is poured into molds.

A process flow diagram for primary zinc production is
shown in Figure 2-10. Each potential process fugitive
particulate emission is identified and explained in Table
2-27. A dust source common to zinc production facilities
but not specifically included in the Figure or Table, is
plant roads. Proper evaluation of this category is explained
in Section 2.1.

IPFPE Emission Rates - Table 2-27 presents a summary of

uncontrolled emission factors for the primary zinc produc-
tion IPFPE sources. Since these are potential uncontrolled
emission rates, the site-specific level of control must be
considered for application to a specific plant. Also in-
cluded are reiiability factors for each estimate.

The emission factors for the sources aside from storage
and handling of raw material were derived from similar
operations of other non-ferrous industries (lead and copper)
and therefore have received a reliability rating of "E"
which indicates at best an order of magnitude estimate.
Consequently, actual emission rates at a given facility
could differ significantly from those in Table 2-27.

Roaster operations at primary zinc facilities generally
are not a source of fugitive emissions and for this reason

are not discussed or listed in this particular section.12
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Example Plant Inventory - The example plant inventory

for primary zinc production as shown in Table 2-27 presents
potential fugitive particulate emission quantities from the
various uncontrolled sources within the process. The inven-
tory represents a plant which produces 68,100 Mg (75,000
tons) of zinc per year. The inventory is not meant to
display a typical plant, but merely a potential set of
circumstances.

The assumed feed rate of raw material to produce 1 Mg
of zinc was as follows:

e 2.85 Mg (3.14 tons) of zinc ore concentrate
° 0.02 Mg (0.02 tons) of sand
e 0.08 Mg (0.09 tons) of coke

Not included in the inventory are fugitive emissions
from plant haul roads. These sources may be calculated
using procedures outlined in Section 2.1. Total model plant
uncontrolled process particulate emissions are 647 Mg (712
tons) per year. Major sources of fugitive emissions are
zinc ore handling and transfer, zinc casting, retort build-
ing, and sinter machine discharge and screens. Fugitive
emissions from retort furnace upsets were not included in
the inventory since they are not considered part of normal
operations.

Characterization of Fugitive Emissions - Data concern-

ing the characterization of fugitive emissions from primary
zinc production are unavailable. The data which follow are
the characterizations of flue gases from primary zinc pro-
duction and are presented since they may closely parallel
characteristics of the fugitive emissions. Flue gas emis-
sions from sinter machines are less than 10 um in size and
generally have the following percentages (by weight) of

zing, lead, cadmium, and sulfur.13
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Zinc - 5 - 25
Lead - 30 - 35
Cadmium - 2 - 15
Sulfur - 8§ - 13

Flue gas from retort buildings range from the micron to

submicron size and normally are 50-70 percént zinc and 0-3
percent lead by weight.13 _
The following is a listing of some components of flue

dusts from multiple-hearth, suspension, and fluid bed

roasters. 14 |

L .
Component Percent (by weight)

Z2inc 54.0
Lead : 1.4
Sulfur '
Cadmi um
Iron
Copper
Manganese
Tin
Mercury

1

W = =

OCO0ONO
CONBO MDD

Control Technology - Control technology options for the

primary zinc production IPFPE sources (except those covered
in Section 2.1) are present in Table 2-28 and are explained
in further detail below. )

Fugitive emissions from the sinter machine windbox
discharge can be effectively controlled in several ways. A
practical method is to minimize the free-fall distance from
the bottom discharge chute of the windbox to the receiving
conveyor belt or receptacle. Wet suppression by means of
water spray will also control fugitive emissions. This can
be accomplished by applying the water spray to materials as
they are discharged from the windbox. Enclosure of the
discharge chute as well as the receiving device is a more
elaborate means of control of-fugitive emissions., If fugi- =
tive emissions are a severe problem, a fixed hood can be
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Table 2-28. CONTROL TECHNIQUES FOR PRIMARY ZINC

PRODUCTION IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS

Preventative procedures Capture Remova)
and operating changes methods equipment
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la. Zinc ore concentrate v
1b. Sand v
lc. Coke ’
. 2inc ore concentrate
2a. Storage /|
2b. Hand)ing and transfer A%
3. Sand
Ja. Storage /v
3b, -Hand1ing and transfer 2 K4
4, Coke
4a. Storage A4
4b. Handling and transfer a4
5. Sinter machine windbox discharge + |+ + ] + +
6. Sinter machine discharge and screens x X)X 0 ° (-]
7. Coke-sinter mixer ' X x| x 0 o 0
8. Retort furnace building v/ + + +
8a. Retort furnace tapping + ) ]+ +
8b. Retort furnace residue discharge and
cooling + | +] + +
Be. Retort furnace upset v X + +
9. Zinc casting R ]

x Typical control technigue.

+ Technically feasible control technique.

In use (but not typical) control technique.
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placed over the discharge area with subsequent venting to a
fabric filter.

Fugitive emissions from sinter machine discharge and
screens and the coke-sinter mixer can be controlled by
various methods. Often times if proper operating procedures
are follow1ng, such as not overloading the systems, fugltlve
emissions can be kept to a minimum. TIf worn seals and parts
are allowing emissions to escape, replacement with the
proper parts will help alleviate fugitive emissions. If the
nature of the operation is such that fugitive emissions
cannot be controlled in this manner, enclosure, or fixed
hoods or closed building with evacuation to a fabric filter
will effectively control the emissions. Fixed hoods are
likely to be more economical than building evacuation,

Various means exist for controlling fugitive emissions
from the retort furnace building and its associated opera-
tions. As was observed at a secondary zinc retort opera-
tion, one of the major sources of emissions from a retort
furnace can occur under upset conditions when the pressure
relief hole on the condenser plugs, resulting in pressure
build-up and eventual combustion of the zinc. - If proper
operating procedures are followed to prevent plugging of the
pressure relief hole, upsets can be prevented. Otherwise
movable hoods can be placed over the pressure relief hole
during upsets and the emissions vented to a fabric filter.
Retort furnaces can also be fitted with fixed or movable
hoods to capture fugitive emissions from tapping and espe-
cially residue discharge and cooling. If the crucible into
which the residue is discharged is allowed to remain under a
hood until a crust forms on the surface and fuming ceases,
the fugitive emissions generated during the period can be
captured and vented to a fabric filter. If space limita-
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tions are a problem in the retort furnace building, the
building can be evacuated to a fabric filter. Fixed or
movable hoods can also be utilized to control fugitive
emissions generated during zinc casting. Often times over-
head space may be required for casting. In order to make
the hoods effective, curtains can be placed around the
casting area to help direct emissions to the hood.10
The cast of the ductwork and baghouse to control fugi-
tive emissions from ten secondary zinc retort furnaces was

approximately $250,000 about 3-4 years aéo.lo
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2.4 SECONDARY NON-FERROUS INDUSTRIES
2.4.1 Secondary Aluminum Smelters
Procegs Description = The raw materials for secondary

aluminum smelting may be (1) aluminum pigé (to meet standaird
alloy specifications), (2) foundry returns (gates, risers,
rejected castings, etc.), and (3) scrap (painted sidings,
turnings, cans, etc.). If the scrap contains large amounts
of paint, oil, grease and other contaminants, it may be
dried in a chip dryer prior to loading into the reverbera-
tory furnace. Scrap, rich in iron content is processed in a
sweating furnace prior to charging into a reverberatory
furnace. 2’ - _ | | '

In the United States, the reverberatory furnace is used
for 80 to 90 percent of all secondary aluminum smelting;

All types of scrap aluminum are charged into the-furnace,
which operates at a temperature of 677°C to 760°C .(1250°F to
1400°F). Fluxing, alloying, dégassing and demagging all
take place in the furnace} however,-fluxing, degassing and
demagging can also be done in a'separate chamber. Because
molten aluminum oxidizes rapidly when exposed to. air, it
must always be covered with a molten flux to retard oxida-
tion. | ' ‘

Demagging (removal of magnesium) is accdmplished by
introducing elemental chlorine gas into the molten aluminum,
The chlorine reacts and is driven off in the form of mag-
nesium chloride.

While the charge is melting, alloying may be done.
Specified amounts of other metals are added to the melt to
obtain the desired percentage of each metal. If solvent
fluxes are added to the melt, impurities in the form of
~oxides float to the top of the melt and are skimmed off and
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allowed to cool. After it is cooled, it is either discarded
as waste or remelted in the sweating furnace,

The final step prior to pouring is degassing. The
metal is degassed by bubbling dry nitrogen, chlorine or a
mixture of the two gases through the molten metal bath.
Chlorine forms hydrogen chloride while nitrogen mechanically
sweeps the gas out of the molten metal,

After degassing, the metal is poured either into ingot
molds or sometimes into preheated crucibles for direct
delivery to the customer.

A process flow diagram for secondary aluminum process-
ing is shown in Figure 2-11. Each potential process fugi-
tive emission point is identified and explained in Table
2=-29. .

IPFPE Emission Rates -~ Table 2-29 presents a summary of

uncontrolled emission factors for secondary aluminum smelt-
ing. Since these are potential uncontrolled emission rates,
the site-specific level of control must be considered for
application to a specific plant. Also included are reli-
ability factors for each estimate. Note that the emission
factors with an "E" rating are at best order of magnitude
estimates; consequently, actual emission rates at a given
facility could differ significantly from those in Table
2=29,

Example Plant Inventory - The example plant inventory

for secondary aluminum, as shown in Table 2-29 presents
potential fugitive particulate emission quantities from the
various uncontrolled sources within the process. The in-
ventory represents a plant which processes 4,546 Mg (5,000
tons) of metal per year. The plant inventory is not meant
to display a typical plant, but merely a potential set of
circumstances.
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In drawing the plant inventory, the following assump-

tions were made:

° 2,727 Mg (3,000 tons) of scrap aluminum containing high
temperature elements (such as 1ron) are processed in the
sweating furnace.

° 1,126 Mg (1,250 tons) of scrap such as sheet, cashlngs,
borlngs and turnings are received, and processed in a
rotary dryer.

° 4,546 Mg (5,000 tons) of metal are processed and re-
flned in the reverberatory furnace.
® 455 Mg (500 tons) of chlorine are used for fluxing.
Not included in the inventory are plant haul roads
since this source should be negligible. Total model. plant
uncontrolled process fugitive particulate emissions are 20
Mg (22 tens) per year.
Characteristics of Fugitive Emissions - Particulates

from secondary aluminum production are less than 2 ﬂm in
size. The particulates may be toxic because of the flu-
orides and chlorides that are emitted. Table 2-30 shows the
effluent characteristics from secondary aluminum production.

Table 2-30. EFFLUENT CHARACTERISTICS FROM

SECONDARY ALUMINUM PRODUCTION2
Maximum
particle Chemical
Source size, um composition _ Toxicity
Fluxing 2,0 Highly variable, Toxic due to
may contain Al o fluorides and
Chlorinating 1.0 AlCl3, NaCl fluo%- chlorides
: ides, oxides of
alkali metals
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One study found that the major constituent in the fume
from salt-cryolite fluxing in a furnace was sodium chloride
with considerable smaller quantities of_Compounds'of alum-
inum and magnesium. The particles were all under 2 um.
.The fumes were somewhat‘COrrosiVe when dry, and when wet,
formed a highly corrosive sludge that tended to set up-and3
harden if allowed to stand for any appreciable time.1 '

Another study made of the fumes from degassing of
aluminum revealed that 100 percent of the fumes were smaller
than 2 ym and 90 to 95 perdent smaller than 1 ﬂm. Mean
particle size appeared under a microscope £d be about 0.7
um. | | |

Particle size data from an aluminum sweating furnace
with a capacity of 345 kg/hr (760 lb/hr) indicate that 95
percent of the particles are less than 39_-um.5

Control Technology - Control technology options for.the

secondary aluminum production IPFPE sources (except those
covered in Section 2.1) are presented in Table 2-31 and
explained in further detail below.

Raw materials in the form of sheet castings, clippings,
and borings are normally received and stored inside the
- building, therefore the fugitive dust, if any, is confined.
| In the dry milling process, dust generated at the
crusher, shaker screens and at'pointS'of tranSfer can be
‘controlled by hooding these operations.l '

Emissions from the rotary dryer are usually vented to a
scrubber system. Fugitive dusts could result from process
leaks, and may be controlled by improved maintenance and/of
increasing the exhaust rate. _

" Emissions from sweating and smelting furnaces may be
controlled by installing a danopy hood and'ducting it to a‘
fabric filter. Another system that may be used is enclosing
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Table 2-31. CONTROL TECHNIQUES FOR
SECONDARY ALUMINUM SMELTERS IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHOOS

Preventative procedures Capture Removal
and operating changes methods equipment
n
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7. Fluxing (chlorination) + x| x
8. Hot dross handling and cooling LR +
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x Typical control technique.
"o In use (but not typical) control technique.

+ Technically feasible control technique.
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the building with subsequent evacuation and venting it to a
control device; this would also control emissions from other
operations within the building.

For coﬁtrol of emissions frbm fluxing, the emissions
can be captured by installing a hood above the fluxing
operation and venting it to a baghouse or a scrubber.l'2

Hot dross handling and cooling emissions can also be
‘captured by hooding_and-venting_it to a fabric filter.l

the slag is cooled indoors, building evacuation can also

If

control the emissions.
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2.4.2 Secondary Lead Smelting

Process Description - Two-thirds of the output of the

secondary lead industry is processed in blast furnaces or
éupolas. ‘Some smelting is also done in reverberatory
furnaces and pot furnaces. |

The reverberatory furnace reclaims lead from a charge
of lead scrap, battery plates, oxides, drosses, and lead
residues. The furnace consists of an outer shell built in
the shape of a recténgular box lined with refractory brick.
To provide heat for melting, the charge gas or oil-fired
burners are usually placed at one end of the furnace, and
the material to be melted is charged through an opening in
the shell. The charge is placed in the furnace in such a
manner as to kéep a small mound of unmelted material on top
of the bath. Continuously, as this mound becomes molten at
the operating temperature (approximately 1250°C (2280°F)),
more material is charged. ILead is tapped off periodicélly
as the level of the metal rises in the furnace,

The blast furnace is normally charged with the fol-
lowing: rerun slag from previous runs, cast~iron scrap,
limestone, coke, 'and drosses from pot furnace refining,
oxides and reverberatory siag. Similar to an iron cupola,
the furnace basically consists of a steel cylinder lined
with refractory material. Air, under high pressure, is
introduced at the bottom through tuyeres to permit com-
bustion of the coke, which provides the heat and a reducing
atmosphere. As the charge material melts, limestone and
iron form an oxidation-retardant flux that floats to the
top, and the molten lead flows from the furnace into a
holding pot at a nearly continuous rate. The rest of the
tapped molten material is slag. From the holding pot, the
lead is usually cast into large ingots called "button" or

"sows.,"
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Pot-type furnaces are used for remelting, alloying, and
refining processes. These furnaces are usually gas-fired.
Their operation consists simply of charging ingots of lead
or alloy material and firing the charge until the desired
product quality is obtained.

A process flow dlagram for secondary 1ead smeltlng is
shown in Figure 2-12, Each potential process fugitive
emission is identified and explained in Table 2-32. A dust
source common to all secondary lead smelters, but not
specifically included in the figure or table is plant haul
roads, Proper evaluation of this category is explained in
Section 2.1. | |
IPFPE Emission Rates - Table 2-32 presents a summary of

uncontrolled emission factors for the secondary lead smeit—
ing IPFPE sources. Since these are potentiél uncontrolled
emission rates, the site-specific level of control must be
considered for application to a specific plant. Also
included are reliability factors for each estimate.

The emission factors for various smelting operations
(other than storage piles and casting) are based on the
ap-42t "stack" emission factors for each entire operation,
where 5 percent was assumed to escape as fugitive particu-
late emissions. Therefore, these values received a reli-
ability rating of "E", which indicates at best an order of
magnitude estimate. Actual IPFPE factors are not available
for the secondary lead industry. Consequently, actual
emission rates at a given facility could differ signifi-
cantly from those in Table 2-32.

Example Plant Inventory - The example plant inventory

for secondary lead smelting as shown in Table 2-32 presents
potential fugitive particulate emission quantities from the
various uncontrolled sources within the process. The in-
ventory represents a facility which produces 80,000 Mg
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(88,000 tons) of lead per year. The plant inventory is not
meant to display a typical plant, but merely a potential set
of circumstances. To calculate the inventory, the assumed
combined annual feed rate of major raw materials for all
operations as shown in Figure 2-12 was as follows:

2,570 Mg (2827 tons) scrap iron
1,713 Mg (1884 tons) limestone
3,141 Mg (3,455 tons) coke

151,437 Mg (166,580 tons) scrap lead

Not included in the inventory are fugitive emissions
from plant haul roads. These sources may be calculated
using procedures outlined in Section 2.1. Total model
uncontrolled process fugitive particulate emissions are
1,295 Mg (1,425 tons) per year. Major sources of fugitive
emissions are the reverberatory furnace, blast or cupola
furnace, sweating furnace, and scrap burning.

Characterization of Fugitive Emissiong - Data con-

cerning the characterization of fugitive particulate emis-
sions from secondary lead smelting are unavailable. Thus,
the following information on stack emissions is presented as
an approximation of characteristics of the fugitive emis-
sions.

Emissions from sweating furnaces range in size from
0.07 to 0.4 um and have a mean particulate diameter of 0.3
um.4 Emissions from a reverberatory furnace have approxi-
mately the same size characteristics and have a lead content
of about 23 percent by weight.5

The particle size distribution of emissions from a

blast or cupola furnace are as follows:4

_ Approximate percent
Size (um) by weight
0-1 15
1-2 45
2=3 20
3-4 15
4-16 10
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As is with emissions from a reverberatory furnace, 23

percent by weight is lead.’

Control Technology - Control technology options for

secondary lead smelting IPFPE sources (except negligible
sources or those covered in Section 2.1) are presented in
Table 2-33 and are explained in more detail below.

Lead and iron scrap burning is essentially an incin-
eration process and thus fugitive emission control is the
same as for an incinerator. Better control of operating
procedures such as feed rates or keeping charge doors closed
as much as possible will help alleviate fugitive emission.
géneration. If it is feasible to be selective in choosing
only the cleaner scrap, the amount or period of burning time
can be reduced and thus result in fewer fugitive emissions.
If old and worn parts are allowing the escape of fugitive
emissions, the replacement of these parts may help reduce
fugitive emissions. The increase of exhaust rate of the
primary collection system will also aid in the control of
fugitive emissions. _

Fugitive emissions from various furnace operations,
holding pots, and casting operatiohé may all be controlled
in a similar manner. Fixed or movable hoods, or enclosed
building with evacuation to fabric filter, will normally
control fugitive emissions. Whether a fixed or movable hood
is chosen will depend on space 1imitation as well as other
operating procedures which may dictate the use of one type
of hood or another. Building evacuation will often be '
useful when operations cannot accommodate hooding.

During tapping operations, the adherence to specific
tapping rates will also help reduce fugitive emissions.
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Table 2~33.

CONTROL TECHNIQUES FOR
SECONDARY LEAD SMELTING IPFPE SOURCES

Industry: Secondary Lead 5melting

Negligible emissions

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS

Preventatfve procedures Capture
and operating changes methods

Removal
equipment

[PFPE source typically uncontrolled

Control technologies identified in Secticn 2.1

#Wet suppression (water andfor chemicall

Better control of raw material quality

Jetter control of operating parameters and procedures
Improved maintenance and/or construction program
Increase exhaust rate of primary control system
Fixed hoods, curtains, partitions, covers, etc.
Movable hoods with flexible ducts

Closed buildings with evacuation

Confinenent by enclosure

Fabric filter
Scrubber

£Sp

1. Railroad car and truck unlcading

Coke
Limestone
Lead scrap
Iron scrap

LN

2. Coke

2a. Storage
2b. Handling and transfer

“~
.

3. Limestone

3a. Storage
3b. Handling and transfer

4, Lead scrap

4a, Storage
4b. Handling and transfer

5. Iron scrap

S5a. Storage
5b. Handling and transfer

6. Lead and iron ecrap burning

7. Sweating furnace

7a. Charging
7b. Tapping

Q
+
+

o+

8. Reverberatory furnace

Ba. Charging
8b. Tapping

x Typical control technigue.
o In use (but not typical) contro) technique.

+ Technically feasible contrel technique.
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Table 2-33 (continued)., CONTROIL TECHNIQUES FOR
SECONDARY LEAD SMELTING IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS

_ Preventative procedures Capture Removal

and operating changes methods equipment

IPFPE source typically uncontrolled
Control technologies identified in Section 2.1 .
Het suppression {water and/or chemical)

Better control of ‘operating parameters and procedures

Improved maintenance andfor construction program
Increase exhaust rate of primary control system

Fixed hoods, curtains, partitions, covers, etc.

Better control of raw material quality

wl
=t =
o =3
3 ol
= Lt
o
Vv =
— Wl
£ o
g K
a o
g ] =
; ] o | ®
Industry: Secondary Lead Smelting - £ 'E :
a o
E E %) E -
M 2 32 |s
= g 203 =
= g o | ® s
=) = — b1 (=] F-1
- - = @ -3
= = w| @ |3
g s z| =2 251
= ~ x|l o w || w
9. Blast or cupola furnace
+
9a. Charging . I I I *
9b. Lead tapping to holding pot . + Ho *
9z, Slag tapping
10. Tapping of holding pot 1} NE +| o+ +
11. Pot (kettle) furnace
+ +
lla. Charging . : : + +
llb. Tapping
o + + +

12, Casting

x Typical control technigue.
a In use (but not typical) comtrel technique.

+ Technically feasible control technique.
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2.4.3 8Secondary Zinc Production

Process Description - Raw materials used in secondary

zinc processing are zinc scrap materials, fluxes, and fuels
for furnaces. Z2Zinc scrap materials include such items as:
plated and unplated zinc castings, zinc fabrication scrap,
contaminated zinc die-cast scrap, skimmings, and dross.
There are three distinct processes used in the secondary
zinc industry: pretreatment, melting, and distillation.

The pretreatment processes in use are based on mech-
anical, pyrometallurgical, and hydrometallurgical methods.
Mechanical pretreatment involVes.physical reduction of the
scrap and some means of separating the zinc from contam-
inating'components. The primary hydrometallurgical pre-
treatment method is sodium carbonate leaching which is used
to process skimmings and residues. Neither of these two
pretreatment methods are considered sources of fugitive'
emissions. Sweating is the term applied to -the pyrometal- -
- lurgical pretreatment method used to separate zinc from
higher melting metals and inorganic impurities. Rever-
beratory, kettle (pot), rotary, muffle, and electric fur-
naces are utilized to sweat zinc-bearing scrap.

Sweat processing is accomplished by charging the scrap
into the furnace. The charge may be worked, by agitation or
stirring during melting; and chloride flux may be present
either as residual flux, in charéed residual scrap, or as
flux added to the charge. Working and fluxing of the charge
are done to help effect the desired metal separation. A
molten-metal bath is formed from the metallic zinc (with
dissolved alloy metals). Non—metallic residues, along with
some platings, form on the mdlten#metal bath surface and are
skimmed off., Unmeltable attachments settle to the bottom
and are removed.'-The.molten-zinc metal may then be (1) fed
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~directly to furnaces for further processing, (2) fed di-
rectly to a distillation furnace, or (3) it may be sampled
and analyzed, and then alloyed by adding metals to obtain:
the specified composition, and then cast as ingots.

In some cases, the scrap received can be fed directly
to melting furnaces or distillation furnaces, thereby
bypassing pretreatment and/or melting furnaces. In the
melting operation, melt from sweat furnaces and/or scrap
zinc is melted and usually fluxed to remove impurities.
Crucible, kettle (pot), reverberatory, or electric induction
furnaces are used in this operation. After the melting
operation, the melt may be fed directly to distillation or
cast into ingots.

Distillation may be done in either of two systems: a
retort furnace or a muffle furnace. Material fed into
either furnace may consist of zinc scrap, or molten or cast
metal obtained from the sweating and/br melting furnaces.

In retort distillation, the charge is fed into retort
on a batch scale. Once the metal is molten, it begins
vaporizing. The vapor passes from the retort through a
réfractory pipe to a condenser where it is condensed into
molten zinc. At the end of the distillation process the
~condenser is tapped and the zinc poured into ingots.

In the muffle furnace system the bed is charged into
the melting unit. As the zinc melts, the molten metal flows
into the vaporizing unit. From the vaporizing unit, the.
vaporized zinc is channeled to the condenser where it is
condensed to liquid metal. Periodically, the molten zinc is
tapped from the condenser and cast into ingots.

A process flow diagram for secondary zinc production is
shown in Figure 2-13. Each potential process fugitive
emission is identified and explained in Table 2-34.
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IPFPE Emission Rates - Very little data concerning

process fugitive particulate emission factors for the
secondary zinc smelting industry has been found in the
literature. Therefore, emission rates as presented in Table
2-34 resulted for the most part from engineering judgements
utilizing point source emission factors for the various
operations identified. Most engineering judgments assumed
that fugitive emissions equal 5 percent of an operation's
stack emission. These values, therefore, received a re-
liability rating of "E" which indicates at best an order of
magnitude estimate. Consequently, actual emission rates at
a given facility could differ significantly from those in
Table 2-34,

Example Plant InventOry - The example plant inventory

for secondary zinc smelting, as shown in Table 2-27, pre-
sents potential fugitive particulate emission quantities
from the various uncontrolled sources within the process.
The inventory represents a plant which produces 10,950 Mg
(12,045 tons) of zinc per year. Because of the many varied
types of furnaces that can be utilized in secondary zinc
production, the model plant configuration assumed for the
inventory includes four kettle (pot) and rotary sweat
furnaces, and four crucible and reverberatory melting
furnaces. Also included is one crushing and screening
operation. The plant inventory is not meant to'display a
typical plant, but merely a potential set of circumstances.

The assumed annual rate of scrap feed into the various
furnaces was as follows:

Kettle (pot) sweat furnaces 7,531 Mg (8,284 tons)
scrap zinc

Rotary sweat furnaces 7,531 Mg (8,284 tons)
scrap zinc

Crushing and screening 2,877 Mg (3,165 tons)

scrap zinc
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Reverberatory melting furnaces 6,276 Mg (6,904 tons)
.- metal charged
Crucible melting furnaces . 6,276 Mg (6,904 tons)
- ' S metal charged '

Not included in the inventory are_fugltlve emissions
from plant haul roads, but the amount of roads is expeeted
to be minimal at secondary zinc ﬁacilities. Total model
plant uncontrolled process fugitive&particulate emissions
are 21 Mg (23 tons) per year. Major sources of fugitive
emissions are crushing and screening, and sweat furnaces.

Characteristics of Fugitive Emissions - Information

concerning characteristics of fugitive emissions from
secondary zinc smelting was not found in the literature.
Therefore, the following information concerning stack
emission characteristics is presented since they may ap-
prox1mate those of fugitive emigsions. _
Particulate emissions from sweating operations commohly
contain zinc, aluminum, copper, iron, lead, cadmium, man-
ganese, and chromium, in addition to carbonaceous materials
and flux materials.’ The following are the results of
samples taken from a zinc¢ sweat furnace’which were analyzed
for particulate composition.3

Sweat furnace particulate emission
Composition percent by weight

Constituents Sample 1 Sample 2
NH, " 0.47 ~0.36
c1- 8.93 8.32
Zn 47.50 | 44,50
al 1.43 0.54
Cu © 0.04 0.05
Fe 0.40 - 0.21
Pb 0.14 0.16
cd ' 0.02 0.03
Mn. 0.03 0.01
cr | 0.01 0.004
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Another analysis of particulate emissions from zinc

sweat processing resulted in the following results.4
Sweat furnace particulate emission
Component Composition, percent by weight

zZnCl, 14.5 - 15.3
Zn0 46.9 - 50.0
NH,C1 | 1.1 - 1.4
A1203 | 1.0 - 2.7
Fe203 0.3 - 0.6
PbO 0.2

H,0 (in ZnC12-4H20) 7.7 - 8.1

Oxides of Mg, Sn, Ni, 2.0

5i, Ca, Na

Carbonaceous material 10.0

Moisture (deliquescent) 5.2 - 10.2

In addition to the major components shown above, the
particulates would be expected to contain trace amounts of
copper, manganese, and chromium. 4

Another analysis of particulate data for sweating of
metallic scrap has shown 4 percent zinc chloride, 77 percent
zinc oxide, 4 percent water, 4 percent other metal chlorides
and oxides, and 10 percent carbonaceous materials. Sizes of
particulates range from less than 1 um to greater than 20
um, but typically they are less than 2 um.l

Particulate emissions from crushing/screening opera-
tions contain metallic zinc and other metals such as alu-
minum, copper, iron, lead, cadmium, chromium, and tin.
Emigsions from melting furnaces consist mostly of smoke from
incomplete combustion of organic scrap, contaminants, and
zinc fumes. Retort emissions consist mostly of zinc oxide
fumes containing aluminum, copper, and other metals.

Particle size range is from 0.05 - 1.0 ﬁm.l
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Control Technology - Control technology options for

secondary zinc production IPFPE sources are presented in
Table 2-35 and are explained in more detail below.

Better control of operating parameters and procedures
such as proper feed rates, operating machinery only when
required, and following proper maintenance schedules will
help alleviate fugitive emissiong from crushing/screening
operations. Fixed hoods which enclose or cover screening
operations with - subsequent Venting to a baghouse will
effectively control fugitive emissions. Closed building
evacuation to a baghouse will also serve as a means to
control fugitive emissions.

The various sweating and melting furnaces'can all be
controlled in basically the same way. If primary control
systems already are installed, the increasing of exhaust
flow rates will oftentimes help reduce the volume of fugi-
tive emissions released. - Depending on furnace design, as
well as space limitations and operating practices, fixed or
‘movable hoods are very effective in the control of fugitive
emissions. These hoods are usually most effective if placed
over charging and particularly tapping areas since these are
the major sources of fugitive emissions. A capture velocity
of 0.5-1.0 meters/second (100-200 ft/min) is usually adequate
for control of the'fugitive emissions.> If limited space or
operating procedures disallow the use of hoods, building
evacuation to a fabric filter will effectively control
fugitive emissions. _ o

Fugitive emissions from distillation and condensation
operations can be controlled in the same_manner as described
above. In addition, improved maintenance and/or construc-
tion materials will help prevent fugitive emissions which
~can escape from the connection between the distillation unit
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Table 2-35.
SECONDARY ZINC PRODUCTION IPFPE SOURCES

CONTROL TECHNIQUES FOR °

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS

Preventative procedures Capture Removal
and operating changes methods equipment
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9a. Charging 0 of of + 0
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x Typical control technique.

[}

In use (but not typical) contro) technique.

+ Technically feasible control technique.
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‘Table 2=-35 (continued). CONTROL TECHNIQUES FOR
SECONDARY ZINC PRODUCTION IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS
Preventative procedures Capture Ren_10va1
and operating changes methods equipment
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10b. Tapping [} ol o |+ [}
11. Electric induction melting furnace i
11a. Charging o oo+ L]
11b. Tapping 0 ol o, + 0
12. Hot metal transfer to retort or &)loying v + +
13. Distillation retort and condenser
13a Charging distillation retort olol+ 0
13b. Leakage between retort and condenser 0 ol o | + 0
13c. Upset in condenser 0 ol o |+ 0
13d. Tapping 0l o, + [:}
14, Muffle distillation furnace and condenser
M4a. Charging muffle distillation furnace 0,0 + (4
14b. Leakage between furnace and condenser -] oo |+ -]
14c. Upset in condenser ol - o| o | + [
14d. Tapping o] o | + o
15. Alloying o]+ +
16. Casting 0 o+ +
x Typical contro) technique.
o .In use (but not typical) control technique,
+ Technically feas1'b‘le control technigue,
r 4
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to the condenser. If a good fit is maintained, fugitive
emissions will be prevented.

Fugitive emissions from upset conditions can be con-
trolled in several manners. Upset usually occurs when the
pressure relief hole on the condenser becomes plugged re-
sulting in pressure and heat build up with subsequent |
combustion of the zinc metal. If the pressure relief hole
is cleaned regularly (once every 1/2 hr), the hole will not .
become plugged, upsets will be avoided, and fugitive emig-
sion eliminated. When upsets do occur, however, movable
hoods can be placed over the pressure relief hole to capture
fugitive emissions. Building evacuation to a baghouse will
also effectively control the fugitive emissions.

Alloying and casting operations can be controlled by
the use of fixed or movable hoods over the areas involved;
Curtains which can help direct emissions into hoods are also
gquite useful. Building evacuation to a baghouse'will also
effectively control fugitive emissions. During casting
operations, several steps can be taken to prevent the
generation of fugitive emissions. As long as the temper-
ature of the molten zinc is kept below 5920°C (1100°F). and
mold release compounds do not contain oils or other vola-
tiles, very little fqgitive emissions will be_generated.5
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2.4.4 Secondary Brass/Bronze (Copper Alloy) Production

Process Description - The basic raw material of the

secondary brass/bronze and copper alloy ingot industry is
copper and copper-base alloy scrap such as brasses and
bronzes.

- Before the scrap metal is blended in a furnace to
produce the desired ingots, removal of nonmetallic con-
taminants or, in some instances, preprocessing the raw
materials to yield more efficient and economical utilization
of the scrap may be desirable. These processes may be
either mechanical, hydrometallurgical, or pyrometallurgical,
the first two of which are not considered in this descrip-
tion since they are not sources of fugitive emissions.

Pretreatment by pyrometallurgical methods may include
any of the following methods: sweating, burning, or drying.
Sweating furnaces may be used to remove low-melting point
metals such as lead, solder, and babbitt metal. This is
done by heating in a furnace which permits the low-melting
components to be melted and separated from the desirable
metals.

Burning is usually performed for removal of insulation
from wire or cable. This is essentially_an incineration
process but requires carefully controlled burning.

Drying involves the use of a heated rotary dryer to
vaporize excess cutting fluids from machine shop chips and
borings. This must be done carefully to prevent high tem-
peratures that would warp the steel kiln and begin to cause
oxidation on the large surface area exposed on the metal
chips. '

If the scrap metals are relatively clean as received,
pretreatment can be bypassed.
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After pretreatment operations (if required) a number of
types of furnaces can be used for smelting, refining, and
alloying of the scrap material. Normally alloying is done
in the furnace rather than during ingot casting. Electric
induction, reverberatory, rotary, crucible, and cupola
furnaces are those furnaces used for smelting and refining.
There is little real difference in the melting, refining,
and alloying actions 1n these furnaces but methods of charg-
ing and heating differ significantly. _

The scrap materialsg, along w1th solid or liguid fiuxes}
are charged to the furnace. The flﬁxes can be nonmetallic
materials, pure metals, or alloys. Heat is supplied by
burners fueled with gas or oil. Molten metal is formed and
refined by blowing compressed air into the metal bath to
‘oxidize the metallic and nonmetallic contaminents. Some:
oxides of impurities are removed as slag. Fluxes such as
charcoal, bbrax, sand, limestone and caustic soda provide
entrainment for the other metallic impurities.

One of the most common methdds of removing metallic
impurities is to introduce compressed air beneath the sur-
face of the molten metal. This violent agitation is almost
sure to produce large quantities of finely dispersed'air
pollutants in the exhaust gas stream. '

Samples of the furnace melt are taken as the refining
operation progresses. As sbon'as the analysis indicates
that the cofrect grade has been achieved, the molten metal
is poured into molds and cast at temperatures from 650°C to
1320°C (1200°F to 2400°F). After casting, the shapes may be
rolled into plates, sheets or strips; extruded into rods,
bars, seamless tubes, or drawn into wire. -

A process flowydiagram for secondary_brass, bronze, and
- copper production is shown in Figure 2-14. ' Each potential
process fugitive emission is identified and explained in
Table 2~36. |
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IPFPE Emission Rates - Very little data concerning

process fugitive particulate emission factors for the sec-
ondary copper, brass, and bronze industry have been found in
the literature. Therefore, emission rates as presented in
Table 2-36 resulted for the most part from engineering
judgements utilizing point source emission-factors_for the
various operations identified. It was estimated that
fugitive emissions were equal to 5 percent of an operation's
stack emissions. These values, therefore, received a reli-
ability rating of "E" which indicates at best an order of
magnitude estimate. Consequently, actual emission rates at
a given facility could differ significantly from those in
Table 2-36. ‘

Example Plant Inventory - The example plant inventory

for secondary brass, bronze, and copper production as shown
in Table 2-36 presents potential fugitive particulate
emission quantities for the various uncontrolled sources
within the process. The inventory represents a plant which
produces 30,000 Mg (33,000 tons) of metal per year. Because
of the various types of furnaces that can be employed, the
inventory includes only reverberatory, rotary, and cupola
furnaces. Insulation burning and sweating are used as pre-
treatment methods prior to charging to melting furnaces.
The plant inventory is not meant to display a typical plant,
but merely a potential set of operations.

The assumed annual feed rate of scrap, flux, and coke

for the various pretreatment and furnace operations was as

follows:

Insulation burning 38,462 Mg (42,308 tons) scrap

Sweat furnace 19,789 Mg (21,768 tons) scrap :
Charge to furnaces 39,842 Mg (43,827 tons) treated scrap
Flux and alloys 500 Mg (5530 tons)

Coke 1,572 Mg (1,729 tons)

2-207




Fugitive emissions from plant haul roads were not
included in the inventory and are expected to be minimal at
secondary facilities. Total model plant uncontrolled pro-
cess fugitive particulate emissions are 354 Mg (389 tons)
per year. Major sources of fugitive emissions include
insﬁlation burning, reverberatory furnace, and rotary
furnace.

Characterization of Fugitive Emissions - Information

concerning the characterization of fugitive particulate
emissions from secondary brass, bronze, and copper was not
found in the literature. The limited data available for
stack emission characteristics are presented below since
they may closely resemble characteristics of the fugitive
emissions. A chemical analysis of dust collected by a brass
and bronze smelter baghouse resulted in the following:4

Particulate composition,

Component percent by weight
Zinc 45.0-77.0
Lead 1.0-12.0
Tin o 0.3-2.0
Copper 0.05=-1.0
Chlorine 0.5~1.5

~ Sulfur 0.1-0.7

Zinc and other fumes are 0.03 to 0.5 um in diameter.4
Control Technology - Control technology options for

secondary copper, brass, and bronze production IPFPE sources
are presented in Table 2-37 and are explained in more detail
below. |

Better control of operation parameters and procedures
such as tapping at lowest possible melt temperature will
often help control fugitive emissions from the various
furnace tapping operations. If hoods are already in use
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Table 2-37. CONTROL TECHNIQUES FOR
SECONDARY COPPER, BRASS/BRONZE PRODUCTION IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS
,Preventative procedures Capture Removal
and operating changes methods equipment
@
5
- Blelsl |
= gl & 2
[ 2 g. L1
5 HERE R
3= MEIHEE:
8|3 |2lglE|5 |8
-l = -3y § o
2l &5 8| B = -
HHE slejelel [E18s
2lEls| [E[3%|8 12|33
HHHREEHERHEE
3 3 1] E E | e B2 %
ml =] = 21 sl . S @
| TEHEHENERHEE
Industry: Secondary Copper, Brass/Bronze SlElal2|e|u]a glc R|IE|*
Production aisl2le|®®|°l 5% Elz| 8
- [ (=] By | - - 3 =2 3 * g‘
gl 2127|2222 a1 5| |3
o | E18l 8 (22|25 |£(8|2] |2
21518185 § g v BlE]|3 =
2181..| & ! ] AR R a .| &
o 2 = [ o » b 0! W 2
slelElaic 88|28 |s|3t% |28
elElEls|S|8|8|8]¢ HEIR 5 Rla
Z(=|3|X|S|& 18| 8= ol IF -3 ] Elald
1. Sweating furnace
1a. Charg‘lng + |+ o [+ |+ o
1b. Tapping o+ |+ + |+ 0
2. Drying
2a. Charging ) + |+ |4 +
2b. Discharging L +
3. Insylation burning +
4, Electric induction furnace
‘43, Charging o l+ |+ o
4b. Tapping o+ |+ Q[+ |+ [-}
5. Reverberatory furnace
5a. Charging . 0|+ |+ -]
Sb. Tapping ) 0|+ |* o |+ |+ [}
6. Rotary furnace
6a. Charging o[+ |+ 0
6b. Tapping ol + |+ o |+ |+ -]
7. Crucible furnace
7a. Charging o+ |+ ]
7b. Tapping o+ ]+ (-3 A B o
8. Cupola (blast) furnace
8a. Charging 0|+ |+ -]
8b. Tapping . o + |+ (- I N -]
9. Casting o o |+t + (-]

x Typical control technique.
© In use {but not typical) control technique.

+ Technically feasible control technique.
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over the tapplng area, several measures can be taken to help

capture emissions escaping the hood. Increasing hood
exhaust rate may increase capture efficiency. Reconstruc-
tion of thejheod to allow for enlargemeht of capture surface
or installation of side curtains, will increase capture
efflclency and may be done at a lower cost than a completely
new hoodlng system. 'The use of curtains to help direct
fugltlve em1531ons into the hooding system has also been
observed to an effective means of fugitive emission con-
trol. - 1f hooding systems are to be installed for fugltlve
emlss;on control, space limitations as well as operating
procedures will dictate whether fixed or movable hoods are
desirable. If the use of hoods is not possible, then building
evacuation will effectively control the fugitive emissions.

Charging operations can be a major source of fugitive
emissions. As a result, fixed or movable hoods placed over
the charglng area are requlred to capture the fugltlve
emissions. In addltlon, curtains which help direct fugitive
emissions into the hood will increase capture efficiencies.s'
A cost of $55,000 for hooding a brass/bronze operation,
excluding removal equipment, has been reported.> . |

Fugitive emissions from ingot casting can also be
controlled by several means. The use of mold release com-
pounds which do not contain oils or volatiles will help
prevent the generation of fugitive emissions. Casting at
lowest possible temperatures will also help alleviate the
problem. Depending on space limitations a fixed or movable
hood over the casting area can control fugitive emissions.
Again, curtains can be an aid in directing emissions into
the hood.> Building evacuation is also an alternative in
controlling fugitive emissions. | -
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2.5 FOUNDRIES
2.5.1 PIOCESS'DESCriEtiOnl,2r3

Foundries produce castings by melting either ingots or
scrap metal in a furnace, and pouring the metal into molds.
Table 2-38 shows the various types of furnaces used tb melt
metal in a foundry operation.

Table 2-38. TYPES OF FURNACES USED TO CHARGE
METALS IN A FOUNDRY OPERATION

- Metal _ Furnace type
Electric . Electric| Open
Crucible [induction Reve;beration Cupola arc hearth |Pot
Aluminum X x
Brass/Bronze X X X
Gray Iron X x | x Cox
Steel | x . X b 4
Zinc X ' ‘ x |
‘Copper x x | X
Lead : ' : : X

Basically all foundries use similar processes, regard-
less of starting material. Since iron and steel foundries
account for about 90 percent of tonnages produced by all
foundries in the United States, a brief description of the
gray iron foundry operation is given here. Except for the
furnace type, the operation is very similar for all foun-
dries. Gray iron foundries produce a heavy metal commonly
called cast iron. Gray iron foundries commonly.use cupola
melting furnaces to produce molten metal.
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The major operations that take place in order to pro-
duce castings are:

Core making

Mold making

Melting of raw material

Pouring of the molten metal into molds
Shakeout of castings

Cooling, cleaning, and flnlshlng

o 0 0 0 0 O

The cupola furnace is charged with coke, metallics and
fluxes through a'charging door in the upper section of the
cupola. Combustion is produced by blowing room temperature
or preheated air through the tuyeres at the bottom of the
furnace. Typical gray cast iron will begin to melt at
1238°C (2260°F). The temperature of the charge is raised tq
about 1650°C (3000°F) and the molten metal drops to the N
bottom of the furnace where it is tapped out to a holding
ladle. The slag formed on the top of the molten metal is
tapped at the front or rear of the furnace depending upon
individual practice. The molten metal is transferred from a
holding ladle to a pouring ladle and is then poured into
prepared molds, which may be set out on the floor or pass by
a pouring station on a conveyor.

After the molten metal has solidified in the mold, the
hot casting is separated from the sand on a heavy duty
vibrating screén or sometimes manually. After separation,
the sand is usually recycled. Castings are air cooled and
then cleaned in abrasive blast machines.

Molds may be made of silica sand mixed with water and
binder. After mixing, the mix is transferred to the molding
area where it is packed either mechanically or by hand into
the flask over the pattern. The pattern is next withdrawn
from the mold leaving'the cavity. After placing the proper
cores in a mold, the mold is closed and ready for pouring.
After casting, when the metal has solidified, the mold is
shaken out.
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Cores are usually made of sand and binders and are
placed into the mold. When two or more core sections are
required to form the internal cavity, the core sections may
be pasted together prior to placing them in the open mold.
Silicate, resin, o0il and cereal binders are used to make the
core strong. After the cores are formed, théy may be baked
in ovens.

Figure 2-15 shows a process flow diagram for a foundry
operation. Each potential process fugitive emission point
is identified and explained in Table 2-39.

2.5.2 TIPFPE Emission Rates
Table 2~39 presents a summary .of uncontrolled emission

factors for foundry IPFPE sources. Since these are poten-' |
tial uncontrolled emission rates, the site-specific level of
control must be considered for application to a specific
plant. Also included are reliability factors for each
estimate.

The emission factors with an "E" rating are at best
order of magnitude estimates; consequently, actual emission
rates of a given facility could differ significantly from
those in Table 2-39. The largest potential sources of
uncontrolled fugitive emissions in foundry operations
include the various types of furnaces, especially the cupola
in gray iron foundries.

Note that in the case of the electric arc and the open
hearth furnace, the total emissions shown in Table 2-39
specifically include charging and tapping emissions. In all
other furnace operations, charging and tapping emissions are
not specifically mentioned but are 1ncluded in the total
furnace fugitive emission factor.
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Figure 2-15. Process flow diagram for
foundries showing potential industrial process
fugitive particulate emission points,
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2.5.3 Example Plant Inventory

The example plant inventory for foundries as shown in
Table 2-39 presents potential fugitive particulate emissions
from the various processes within a gray iron foundry. The
inventory represents a plant which pfoduces 13,490 Mg
(14,840 tons) per year of iron castings. The plant inven-
tory is not meant to display a typical plant, but merely a
potential set of circumstances. _ '

It is assumed that a cupola furnace is used to melt the
raw materials. Other assumptions used to build up the plant
inventory are as follows:

° Melting rate of cupola is 6 Mg (7 tons) per hour.

The cupola operates 10 hours per day'212 days per
year. ‘

° Annual production of iron castings is 13,490 Mg
(14,840 tons).

° 'Raw material requirements are iron - 14,165'Mg
(15,582 tons), coke - 1,818 Mg (2,000 tons),
limestone ~ 206 Mg (226 tons). ‘ -

Total model plant uncontrolled process fugitive particulate
emissions are 147 Mg (162 tons) per year.
2.5.4 Characteristics of Fugitive Emissions

The composition and particle size of dusts from various
foundry operations will vary considerably. For example;
dusts. from a casting shakeout are mostly very fine carbo-
naceous material. On the other hand, dust from the grinding
of castings includes coarse freshly fractured particles,
along with elemental iron, iron oxide} and sand particles.
The plumé from furnaces melting brass or bronze alloys is
white and of the order of less than 0.5 um in diameter.
Table 2-40 shows the characteristics and sources of emis-

sions in various foundry operations.
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Table 2-40. EMISSION CHARACTERISTICS FOR

VARIOUS FOUNDRY OPERATIONS 1

Foundry operation Type Particle size (um)
Raw material storage Coke dust Fine to coarse
and charge makeup Limestone and 30 to 1,000
sand dust
Melting
Cupola furnace Fly ash 8 to 20
Coke breeze Fine to coarse
Metallic oxides up to 0.7
Electric furnace Metallic oxides up to 0.7
Reverberatory furnace Metallic oxides up to 0.7
Fly ash 8 to 20
Inoculation Metal oxides up to 0.7
Molding Sand Coarse
Pouring Metallic oxides Fine to medium
Shakeout Sand fines, dust 50% - 2 to 15
Cleaning Dust 50% - 2 to 15
Grinding Metal dust above 7
Sand fines Fine to medium
Abrasives 50% - 2 to 7
Sand storage Fines 50% - 2 to 15
Sand handling Fines 508 - 2 to 15
Screening, mixing Fines 50% - 2 to 15
Sand drying and Dust 50% - 2 to 15
reclamation
Core sand storage Sand fines Fine
Core making Sand fines, dust Fine to medium
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Much of the information on characteristics is for the
stack (non-fugitive) emissions. Cupola dust is a very
heterogeneous mixture; silica content is high, particularly
in the 0-10 um fraction. Of the metal portion, 60 percent
are oxides of silicon and iron. Significant zinc and lead
oxides are also found. Other elements found in the particu-
lates include manganese, chromium, tin, titanium, molyb-
denum, zirconium, nickel, copper, cobalt and silver.

Fumes from electric arc furnaces have been reported to be
extremely fine, from several sources which indicate that 90
| 3 Another
source indicates that 75 percent of the particulates are

to 95 percent of the fumes are below 0.5 ﬁm in size.

less than 5 ym in diameter with a mass median diameter between
2.27 and 2,33 um.ls The emissions consist almost entirely
of oxides of wvarious metals charged, as well as the furnace

refractories and any fluxing materials which were used.
Iron oﬁides form the major con_stituent.3

Test results for an open-hearth furnace show that 64.7
percent of the emissions are below 5 ﬁm in size.12

2,5.5 Control Technology

Control technology options for IPFPE in foundry opera-
tions with the exception of those discussed in Section 2.1
are presented in Table 2-41. This section discusses the
fugitive emission sources and their related control tech-
niques.

Charging and tapping emissions from the cupola may be
controlled by hooding the charging and tapping areas and’
venting the system to fabric filters. Another system that
may be used is enclosing the building with'subséquent
evacuation and venting to a fabric filter. Preventative
measures such as properly sizing the primary control system
to maintain continuous draft through the charging door will
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Table 2-41. CONTROL TECHNIQUES FOR FOUNDRY IPFPE SOURCES

B FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS
Preventative procédures Capture Removal
and operating changes methods equipment
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. Raw material receiving and storage v/
2. Cupola furnace operation v + +| ¥+ + +
3, Crucible furnace operation ' x . x
4, Electric arc furnace operation x| o] + x
&. Open hearth furnace operation | 4] + +
6. Electric induction furnace operation X + x
7. Pot furnace operation x| of + 3
B. Reverberatory furnace operation o + %
9. Ductile iron innoculation % < x x
10. Pouring molten metal into molds x| ol + + X
11. Casting shakeout x| +| * + x
12. Cooling and cleaning castings * + % X
13. Finishing castings x % X
14, Core sand and core binder receiving and storag [
5. Core sand and binder mixing + +
16. Core making v + +
17. Core baking v ] + +
18. Mold sand and binder receiving and storage [ o [}
19. Sand preparation 0 0 ]
20. Mpid making 0 -] o

x Typical contro) technique.
o In use (but not typical) control technique.

+ Technically feasible control technique.

] 1w %
Typical for newer installations, For ductile iron imnoculation evacuation 1s more of a local type evacuation
rather than entire building evacuation.
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help alleviate fugitive emissions.15

Cupolas having above
charge takeoffs can maintain a strong in-draft through the
charge door thereby eliminating the escape of fugitive
emissions. |

One large volume foundry using tilting type crucible
furnaces installed a hooding system venting to a baghouse to
control emissions during pouring. Since only one furnace
operates at a time and the system operates only during the
pour, only 0.71 m /sec (1,500 cfm) of air is required to
collect the fumes.12

Typical control devices used for electric arc furnaces
include a fixed hood together with a fabric filter. The
design air volume required to ventilate an electric arc
furnace with an integral hood is approximately 1.2 m /sec
(2,500 cfm) per ton of charge. 1,12 Newer furnaces can
utilize canopy hoods plus direct shell evacuat:l.on.l5

Fugitive emissions from open hearth furnaces may be
captured by hooding or enclosing the building, and venting
the emissions to a fabric filter.

Emissions from pot furnaces are usually cohtrolied by a
baghouse. Hood design procedures are similar to electric
induction furnaces.13

For newer reverberatory furnace installations, a canopy
hood is usually used for capturing the emissions from charg-
ing. An ESP or a baghouse is used to collect the solids.13

Technically feasible methods for controlling fugitive
dusts from all furnace operations include building evacua-
tion or a system of hoods. Building evacuation would also
capture emissions from other sources in a fdundry such as

casting shakeout, cooling, cleaning and finishing.
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In recent years, ductile iron innoculation stations

have been equipped with collecting hoods, or have been

installed in enclosed rooms, and the resultant gases have

been drawn off by means of an exhaust fan, into a dust

collection unit. Medium energy wet scrubbers, and fabric

filters have been used for dust collection.

1

Process improvements which have recently been developed

to help prevent fugitive emission generation in iron foundries

are as follows:

(1)

(2)

(3)

(4)

(5)

The development of the "Inmold" process in which
the magnesium alloy is added to a chamber in the
mold cavity and the molten metal flows over the
alloy during the pouring operation, dissolving the
magnesium alloy as it passes through the chamber.
This process is said to be smoke free.

Development by International Nickel Company* of an
alloy that containg about 95 percent nickel and 5
percent magnesium that is dense enough to sink
when added to molten iron. This treatment is said
to be smoke free.

American Cast Iron Pipe Company's* method of
impregnating coke with magnesium metal., This
material reacts very slowly and is said to be
smoke free when it is plunged to the bottom of a
ladle of the iron to be treated.

Immersing the magnesium alloy in the molten iron
in the ladle by holding the alloy in a metal cup
attached to a plunger in a dome-shaped ladle
cover. The dome cover seals the top of the ladle,
thus preventing almost all the fumes from escaping
during treatment. A small amount of fume may
escape during plunging and when the cover is
removed.

Placing the magnesium alloy in the bottom of the
ladle, holding it down with scrap-metal punchings
or molding sand, and pouring the iron over the
alloy and its covering. If properly done, the
magnesium reaction is delayed until the ladle is
full, the reaction is slow, and no fumes escape.

*

Mention of company or product names is not to be considered

as an endorsement by the U.S. Environmental Protection Agency.
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(6) Adding magnesium vapor through a porous refractory
plug in the bottom of the ladle. This method is
smoke free but is complicated.

A side draft hood is often prov1ded for the pouring
area and 51de or bottom draft hood at the shakeout. The
mold cooling conveyor between these two points is often
fully hooded with sheet metal. Ducting 1s commonly provided
from each area to a single control device, usually a wet
scrubber.

Dusts from cleanlng and finishing operations are con-
trolled by local exhaust systems- connected to dry mechanical
collectors, or possibly cotton or wool fabric filters.
Sometimes exhaust hoods are provided above the work sta-
tions. Other cleaning processes such as abrasive shot -
blasting and tumbling are commonly controlled with cotton or
wool fabric filters or medium energy wet collectors. Ap-
plications of dry mechanical collectors are also made for
abrasive cleaning processes. Chipping and grinding opera-
tions are normally provided with local exhaust hoods con-
nected to either high efficiency centrifugal_collectors or
fabric filters.l | R |

Efforts have been made to control éertain coremaking
effluents, but the gases emitted from bake ovens and shell
core machines are a serious problem. Usually these gases
are permitted to exhaust to the atmosphere through a ven-
tilation system.l Also most core ovens are vented directly
to the atmosphere through a stack. When operated below
200°C (400°F) and fired with natural gas, most core ovens deo
not require air pollution control equipment. However,
excessive emissions from core ovens have been reduced to
tolerable levels by modlfylng the comp031tlon of the core

binders and lowering the baking temperature.13
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Medium energy wet collectors are best suited for moist
sand preparation and handling. When dry sand conditions exist
occasionally, cotton or wool fabric filters are used. Often
some type of hood is used to capture emissions in sand
conveyor systems especially at transfer points. As with
many other processes, ductwork and exhaust fans are required

in a complete collection system.
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2.6 MATERIALS EXTRACTION AND BENEFICIATION

The processing operations for materials extraction and
beneficiation include those associated with the mining and
subsequent prepartion of ores for commercial use. Opera-
tions which are potential sources of fugitive emissions
include: overburden removal; drilling and blasting; ore -
loading; haul road truck transport; truck or railcar dumping;
crushing (including dry grinding) and screening; transfer
and conveying; cleaning; heating and cooling processes;
storage; waste disposal; and land reclamation. Heating and
cooling processes are not discussed in this section. How-.
ever a discussion of heating and cooling processes at cement
plants is included in Section 2.8 and is applicable to many‘
heating and cooling processes,

Because of the wide variety of ores extracted and bene-~
ficiated and the corresponding variation in the nature of
the operations involved, this section discusses three major
ore classifications: hard ores (e.g. copper, stone, and
lead); soft ores (e.g. coal and talc); and earthy (e.q.
phosphate and diatomite). Specifically, four industries
which are probably the largest mining sources of fugitive
emissions nationally -- coal (soft), copper and crushed
stone (hard), and phosphate rock (earthY) mining -- are
presented as representatives of these three ore classifica-
tions. Process operations, fugitive emissions, and control
technologies which are known to vary significantly by type
of ore mined, are delineated for the four ores; conversely,
a general description without specific reference to the four
ores is provided in the many areas which are essentially the
game.

Table 2-42 summarizes the operations which are dust

sources within a particular mining industry.
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Table 2-42. DUST-PRODUCING OPERATIONS BY

MINING INDUSTRYZ

Mining ingzétry

Operation Coal Copper. Rock P205 rock
Overburden removal X + + X
Blasting + X b4 o
Ore loading X X X o)
Haul road truck transport x x X o
Truck or railcar dumping + X X o]
Crushing and screening X X X . 0
Transfer and conveying X X x B
Cleaning o o o .o
Storage + + X x
Waste disposgal + X o +
Reclamation X o + X
X = usually a major source

+ = a minor or occasional source
0 = usually not a dust source
a

Reference 1.
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2.6.1 Process Description

Overburden Removal - Overburden removal is an operation.

in almost all surface mining and entails removal of all
topsoil, subsoil, and other strata overlying the deposit to
be mined. Significant advances in methods of surface mining
have occurred in recent years with the development of giant
excavating and hauling equipment designed specifically for
these operations.

For types of surface mining such as open pit, copper
mining and stone quarrying, overburden removal may be only a
one-time or occasional operation rather than continuous.

For these types of mines, the deposit to be removed is of
the same magnitude or larger than the overburden volume and
the location of the mining activity is relatively fixed.
Therefore, the overburden is removed permanently and may be
transported off-site for disposal.

In excavating overburden, three kinds of equipment are
used in typical surface mining operations:

° Draglines
° - Shovels
° Small mobile tractors, including bulldozers,

scrapers, and front-end loaders. _

Most surface mining operations use these equipment items in
varying combinations. _

There are three major types of coal strip mining --
area, contour, and auger. Area strip mining is used where
the terrain is relatively flat. Large~scale excavation
equipment, usually draglines, remove the overburden material
and deposit it in spoil banks in a trench left by the pre-
vious strip. Thus, oniy the initial strip produces waste
overburden that must be disposed or stored for land re-
clamation.
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Contour strip mining is employed in areas with slopes
greater than about 15 degress. The overburden is removed
from the slope to create a flat excavation, or bench, re-
sulting in a vertical highwall on one side and a downslope
pPile of spoils on the other side. The e#posed deposit is
then mined and the land reclaimed by backfilling the pre-
viously worked area with newly removed overburden.

The third type of strip mining -- auger mining -~ is
usually done in conjunction with contour mining. The de-
posit exposed in the highwall by the contour method is mined
by using large drills or augers to pull the deposit hori-
zontally from the seam.

Drilling and Blasting - Drilling and blasting are done

to fracture hard, consolidated material s0 it can be removed
more easily and efficiently by the excavating equipment.
Blasting may be needed for certain impenetrable overburden
of for partings between the seams being mined, but more
commonly to loosen the deposit itself. This operation is a
routine part of open pit mining and quarrying; its use in
surface coal mining is dependent on the depth and hardness
of both the overburden and the coal bed; it is almost never
required with phosphate rock mining.

The blastholes are drilled from the surface of the rock
layer or deposit to the depth to which the deposit is to be
broken. Shelves of 9 to 15 m (30 to 50 ft) depth are often
used if a deposit of greater thickness is being mined. A
flat bench is first prepared for the drilling rig, which is
mounted on a tractor or truck. The holes are drilled in a
predetermined pattern by an electrically-powered or com-
pressor-powered rotary drill 10 to 38 cm (4 to 15 inches) in
diameter. Larger holes (containing more explosives) are
drilled for fracturing rock rather than for breaking coal.
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Normally, the explosive is a mixture of ammonium ni-
trate and fuel oil. Either dynamite or metalized mixtures
such as ammonium nitrate and aluminum can be used when a
more powerful explosive is required. Millisecond delays in
the blasting sequence are programmed to maximize the breaking
effect and to minimize seismic shock.

The frequency of blasting is rarely more than once per
day and may be much less often. For reasons of safety and.
to minimize disruption of other mining activities, blasting
is usually conducted between work shifts.

Ore lLoading - In most surface mines, the ore or méte-

rial being mined is loaded onto off-highway trucks for
tranéport from the point where it is removed to a central
transfer location or processing area at the mine site. The
material can also be transported within the mine in a me-
chanical or hydraulic conVeyor'system, but this method is .
rarely used except in phosphate rock mining, where the
deposit is usually pumped as a slurry through a pipeline to
the processing area. _

Any of the excavation equipment described in the sec-
tion on overburden removal can be used to excavate the
deposit and load it onto trucks. However, electric powered,
crawler-mounted shovels are most often employed for this
purpose because they can load the trucks more quickly.

Front end loaders are used for smaller plants.

The area where the shovel is working is normally
freshly exposed, so the material has almost the same mois-
ture content as the unexposed deposit. However, the posi-
tion where the trucks are loaded may dry rapidly as a result
of the traffic movement. - In order for watering trucks to |
gain access to truck loading areas, the water trucks may
have to wait in line with the hauling trucks to avoid the

danger of sporadic driving near the mining equipment or haul
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trucks (which have poor close range visibility). Also the
shovel, the deposit, and the power line for the shovel often
block access from all but one direction.

Haul Roads - Haul roads, mostly temporary unpaved roads

between the active mining areas, loading and unloading
areas, waste disposal areas, and equipment service areas,
are common to all surface mines. In a typical mine, these
roads constitute about 10 percent of the total area directly.
disturbed by the mining. Because of the size of the trucks.
and crawler-mounted equipment that use these roads, they are
normally constructed at least 12 m (40 ft) wide. In mines
opened in recent years, particularly those in the West that
use 90 to 180 Mg (100 to 200 ton) capacity trucks, the roads
may be as wide as 30 m (100 ft).

Truck Dumping - Truck dumping is the simplest operation

at the mine to describe--it involves only the dumping of the
mined material from the truck into a tipple or receiving
hopper for the primary crusher. The same operation may also
occur at the edge of a spoils slope if the truck is dumping
waste material or overburden. While the operation is quite
simple, it has been identified as a significant fugitive
dust source at many different mines.a'4
Crushing - The crushing operation is a fugitive dust
source at both underground and surface mines. Primary
crushers are often jaw or gyratory crushers, set to act upon
rocks larger than about six inches and to pass smaller
sizes. Depending on the ultimate size requirements of the
product, the material from the primary crusher may be
screened with the undersize going directly to the screening
plant and the oversize to secondary crushing, or all material
from primary crushing may be routed to the secondary crusher.
The secondary crushers are of the cone, gyratory, or (some-
times) jaw type.
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As the material is crushed, much more surface area is
created. If the incoming material has a high internal
‘moisture content (euch as lignite'coal), the new surfaces
will be moist and nondusting. However, if the material has
a low internal meisture'content; the crushing greatly in-
creases the potential for alrborne dust generatlon. The new
surfaces tend to dry out as the material continues through
the process on conveyor belts and through the secondary
crushers and screens. 'As the rock or coal becomes more
finely ground and drier, the'in—process dust releases become
greater. :

Transfer and . ConVEY1ng - Although COnveyor systems are

used to transport material from the active mining area to
the processing area or to deliver the process material to
the donsumef, conveying is most often found within the pro-
cessing area—-moving the'crushed meterial to stbrage, a
‘cleaning process, or the train or truck loading statlon.
This operation also includes the loading of train cars or
trucks and other transfer of the material, except for con-
veyors within the crushipg or storage operations which are
considered to be integral to these operations. Because of
the large quantities that must be moved in mining, niost of
the transport systems are belt conveyors rathef than screw,
vibrating, or contlnuous—flow conveyors., :

A detailed dlscu551on of transfer and conveylng opera-
tions is presented in Section 2.1.1.

Cleaning - Cleaning or_beneficiation of the ore im-
proves the quality of the mined material by separating
undesired components at'the mine site. This operation.
greatiy reduces the amount of material which must be shipped
to the processing plant and also decreases solids handling
and disposal ﬁroblems in“ali'subsequent refining steps (or
the combustion process in the case of coal).

2-236




Cleaning has been included as a mining operation with
potential for fugitive dust emissions mainly for complete-
ness. At most mines,gCIeaning‘tedhniques'are'wet and thus
there are no emissions associated with this operation.

' Storage -~ This operation:involves any open storage pile
of the mined material that is located at the mine site,
either prior to or after some initial processing. The
storage'piles may be short-term with a high turnover to
accommodate irregular daily or weekly throughput rates for
different sequential processes, or may provide a long-term
reserve for emergency supplies or to meet ecyclical seasonal
transportation capabilities. . Frequently, however, there is
no stockpiling of material at the mine site because of the
extra handling required. '

Storage operations are described in detail in Section
2.1.4. |

Waste Disposal - In the mining and beneficiation of

minerals and ores, large amounts of waste material are often
generated. Examples of this waste material are low grade
ore, slack coal, extraneous unmarketable rock of relatively
large size, tailings, coal slurry, and mud slime, The waste
~generally has the same handling characteristics as the raw
material being mined, though often times they are in slurry
form. S

The waste disposal operation is distinguished from
overburden disposal because in many cases the area used for
wastes is not reclaimed. For these cases the wastes may
be segregated and saved for future reprocessing for bypro-
duct recovery, or because they contain‘higher concentrations
of toxic materials than the overburden. The actual disposition
of the waste will depend upon the potential value of further
processing of the waste versus the cost of adequate fugitive
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emissions control during the interim. If the waste contains
no potentially recoverable material and its toxic components
do not create a leaching problem, it can be buried in the
spoils for disposal.

Waste disposal operations are discussed in detail in
Section 2.1.5,

Land Reclamation - All surface mining causes consid-

erable alteration of the land on which it occurs and a
certain amount of the surrounding area as well. Segregation
of the various strata in overburden removal is critical so
that inferior spoil can be buried under clean fill, with
topsoil returned to the surface to ensure successful re-
vegetation. In area strip mining, draglines fill mined
strips with overburden removed from succeeding strips and
topsoil is placed on top to prevent rehandling. In contour
mining, the reclamation follows a pattern of grading and
backfilling the bench between the highwall and the down-

- slope. In this type of surface mining, the topsoil can be
stockpiled for a limited time and replaced after the mining
and grading have been completed. 1In contour mining by the
block cut method, topsoil is removed and placed on graded
areas in a single operation. ‘

In Flofida, area mining is practiced where phosphate
rock is mined. Draglines strip overburden and £ill the
previous strip with this material in a single operation.
The overburden is approximately 6 m (20 ft) deep, with
phosphate deposits of some 5 m (16 ft) lying below. Land
reclamation generally results in an area being filled and
then graded to a level somewhat less than the original
topography. 8ince the water table is comparatively close to
the surface, this depression usually creates lakes but the
process is completed and the area stabilized in one to two
years.
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Area mine reclamation in Midwestern states poses the
fewest reclamation problems. These lands can be returned to
their original topography by spoil segregation, backfilling,
and grading as deposits are removed. Compaction of the soil
can be controlled with conventional equipment, and this
ground preparation for revegetation is aided by a climate
that provides sufficient annual precipitation.

Reclamation in the West is another matter. Here the
seam thickness of deposits mined is much greater and the
original elevation cannot be restored. If a pattern of con-
tinuous reclamation is used at these mines, the overburden
is deposited by draglines parallel to the strip being mined;
smaller draglines or bulldozers then level these deposits to
reduce slopes. This returns the area to a topography that
will meet proper conditions for land stability, drainage.
control, and maintenance of vegetation.

2.6.2 IPFPE Emission Rates

Figure 2-16 presents a process flow diagram of material
extraction and benefication. Table 2-43 presents a summary
of uncontrolled emission factors for material extraction and
beneficiation IPFPE sources. Since these are potential
uncontrolled emission rates, the site-specific lewvel of
control must be considered for application to a specific
mine. Also included are reliability factors for each esti-
mate. The estimates should be used only after reviewing the
footnotes in Table 2~43 relevant to their development and
applicability.

Overburden removal is much more of a dust problem at
surface coal mines and phosphate rock mines than at copper
mines and rock quarries because of the greater amounts of
overburden material handled in the former mines. Fugitive

dust from reclamation is also associated primarily with coal’
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mining and phosphate rock mining, and results from regrading
of the spoils and wind erosion across the regraded surfaces,
Haul roads are a major dust source at almost all mines, even
though they are normally kept watered. The remaining opera-
tions generate dust through the handling or processing of
the material being mined. Because of this, emission rates
for most of them are highly dependent on the characteristics
on the material as mined, i.e., moisture content, amount of
- fines, hardness.

Some of the operations create dust only in a few in-
stances, such as copper, iron ore, or asbestos tailings as
waste disposal sources, or air blowing as a cleaning process
for coal. Waste disposal and cleaning operations generally
are not significant fugitive diust sources at mines.

In order to estimate the fugitive dust emissions that
stay suspended, an attempt has been made to express the
emission factors in terms of the fraction less than 30 um
diameter wherever possible. Since data were not available
to do this in all cases, some of the reported emission esti-
mates may overstate the impact of those operations on a
regional scale.

2.6.3 Inventory Techniques

Conducting a fugitive emission inventory for mining
activities involves the application of appropriate emission
factors to the pertinent parameters for each aétivity as
delineated in Table 2-43. Inventorying procedures for
transfer and conveying, loading and unloading, storage, haul
road truck transport, and waste disposal sources are specif-~
ically discussed in Section 2.1. '

An emission inventory for mining of an ore other than
coal, copper, phosphate rock, and crushed rock can be made
by sequentially: 1) comparing the characteristics (hard,
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soft, earthy, etc.) of the ore with those of the four sub-
ject ores; 2) selection of one or two of the four ores which
is/are most similar; 3) determination of an appropriate
emission factor based on comparative analysis and/or inter-
polation (if two ores are similar) with the emission factors
listed in Table 2-43; and 4) the alteration of the appro- .
priate emission factor to reflect local climatic conditions.
2.6.4 Emission Characteristics

Generally emissions from materials extraction and
beneficiation operations wou1d be the same chemically as the
materials being mined. Of special concern are toxic minerals
such as asbestos, beryllium, and silica. The size distribu-
tion of emissions is somewhat independent of the méterial,
since only the fines (generally <100 um) become airborne.
Section 2.1 presents limited data on emission characteristics
for unpaved roads.

2.6.5 Control'Teqhnology

Control technology options for the mining IPFPE sources
are presented with related estimatéd efficiencies and costs
in Table 2-44. With few exceptions, all of the fugitive
dust controls identified in the literature and observed
first hand during mining operation vigits in this and pre-
vious studies, were applications of one or a combination of
three basic techniques: watering, chemical stabilization,
and reduction of surface wind speed across exposed sources.

Watefing - Watefing generally requires a low first
cost, but provides the most temporary dust control. .De-
pending on the nature of the dust-producing activity, water
may be an effective dust suppressant for only a few hours or
for several days. It should be pointed out that fﬁgitive
dust problems from mining are most prevalent in areas of the
country with arid climates and lack of natural surface
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moisture. As a corollary to this, water is a scarce re-
source in these areas, and not readily available as a mate-
rial for air pollution control.

Watering in the mining industry is primarily employed
to control dust emissions from haul roads.23'24'25’26
Watering can be used to control dust emissions from over-
burden removal, crushing, storage, and waste disposal, but
its use for these operations is not widespread.

Haul roads at mines are routinely watered for dust
suppression during all periods when water on the road sur-
face does not create a safety hazard (generally when temp-
eratures are above freezing). The water is usually applied
by large tank trucks equipped with a pump and directional
nozzles which spray the road surface and adjacent shoulders
and berms. Fixed pipeline spray systems have also been used
on main haul roads that are relatively permanent. At some
western mines, runoff from haul roads is diverted to set-
tling ponds placed at intervals along the roadway.

If the use of water can be tolerated, it can be sprayed
at crusher and shaker screen locations to keep the material
moist at all stages of processing.24 The addition of water
may, however, cause blinding of the finest size screens,
thereby reducing their capacity.

Control system capital and operating costs were esti-
mated for hypothetical stone crushing plants operating at
270, 540, and 910 Mg per hour (300, 600, and 1,000 tons per
hour). The control systems utilized wet supression, fabric
filters, or a combination of these two systems. Fixed
capital expenditure for these dust abatement systems ranged
from $49,129 to $249,162. Annual operating costs for the
dust abatement systems ranged from $8,294 to $46,606 or 1 to
3.5 cents per Mg (0.9 to 3.2 cents per ton). If properly
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sized, installed, and maintained, efficiencies approaching
95 percent can be expected.27

In addition, capital costs for a fabric filter system
without wet suppression for stone crushing and screening
operations of 180 Mg (200 ton), 270 Mg (300 ton), and 545 Mg
(600 ton) per hour were estimated at $58,000, $100,000, and
$148,000 respectively. Costs for the 180 Mg (200 ton) per:
hour operation were based on the utilization of one 2 m3/sec
(4,000 cfm) fabric filter and one 8 m3/sec (16,000 cfm)
fabric filter to control emissions. The 270 Mg (300 ton)
per hour operation utilized one 4 m3/sec (8,000 cfm) fabric
filter and one 19 m3/sec (40,000 cfm) fabric filter to
control emissions. The 545 Mg (600 ton) operation utilized
three fabric filters with flow rates of 4 m>/sec (9,000
cfm) , 15.m3/sec (32,000 cfm), and 14 m3/sec (31,000 cfm).
Annual operating costs for the three plants were estimated
at $12,000, $16,000, and $26,000, respectively. For the use
of only a wet suppression system, capital cost of the
system at each plant is estimated at $40,000, $44,000, and
$52,000, respectively. Annual operating costs are estimated
at $4,200, $5,500, and $8,700, respectiv‘ely.28

Watering alone is seldomly used to suppress dust from
overburden removal, storage; and waste diSposal operations
because of the vast area and quantities of material which
must be covered and because of the logistics and related
costs of supplying the required amounts of water to the
remote areas in which these operations are usually located.
Control of overburden removal dust emissions by watering is
also hampered by the continuous exposure of dry material
surfaces associated with this operation. Much research has
been done by mining companies and the Bureau of Mines' Salt

Lake City Metallurgy Research Center on the stabilization of
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waste tailings to prevent air and water pollution. Radi-
cally different methods -- chemical, physical, and vegeta-
tive -~ have been tested, often successfully, on inactive
tailings piles. Well-operated active tailings ponds/piles
should generally have a moist surface from new deposits and
therefore be only marginally susceptible to wind erosion.
However, if the tailings are allowed to dry before new moist
tailings are added, emissions can be visible as large dust
clouds, for example, some taconite ponds.

Chemical Stabilization - Several types of chemicals

have been found effective in reducing dusting when applied
on mining fugitive emission sources. These chemicals
utilize different properties for dust suppression and are
generally categorized by their composition -- bituminous,
polymer, resin, enzymatic, emulsion, surface-active agent,
ligninsulfonate, latex, etc. It is estimated that over 100
chemical products are presently marketed or are under de-
22 With the
wide range of characteristics available in commercial

velopment specifically as dust control agents.

products, a chemical stabilizer can be selected with maximum .
efficiency for each control application. A partial listing
of chemical dust suppressants is presented in Appendix B.*

Chemical stabilizers have been used to a limited extent
to control dust from mining haul roads, storage pileé, and
inactive tailings piles.

Various chemicals may be added to the water or applied
separately to the haul road surface to improve binding and
reduce dusting. Application of a surface chemical treatment
for dust suppression from haul roads is a relatively inex-
pensive control method as compared to paving of haul roads.

* Mention of company or product names is not to be considered
as an endorsement of the U.S. Environmental Protection Agency.
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However, in tests on public roads conducted by several .
different highway departments, no commercial material has
been found wnich retains its effectiveness over a moderate
period of time, i.e., two months, under traffic conditions.
Most of the treated surfaces abrade badly to the depth of
penétration of the chemical, which would be more of a factor
with heavy bearing loads experienced by mining haul roads;
others which maintain a stabilized surface with traffic are
water-soluble and lose their effectiveness after rains.
Several surface treatment chemicals are presently under
development or are being tested. Available technology for
this method may increase greatly within the next few years.
Another chemical dust suppressant method involves |
working the stabilization chemical into the roadbed to a
depth of 5 to 15 cm (2 to 6 inches), but it has found
limited application thus far for mining haul roads. Actual
paving of haul roads with a bituminous material has also
found limited application and is restricted econbmically to
haul roads which are permanent. Savings in haul truck tire .
wear are reportedly achieved with paved haul roads, in
addition to dust control. ) o
Chemical stabilizers react with dry inactive taiiings
piles in the same manner they react with soils to form a
wind-resistant crust or surface layer. Of 65 chemicals for
which test results have been recorded, the resinOus,_poly-
mer, ligninsulfonate, bituminous base, wax, tar, and pitch
products have proven most successful in stabilizing mineral
wastes.29 Most of the chemicals have demonstrated a long-
term effectiveness in this application. Application can be
accomplished by truck, piping spray systems, or plane--400
hectares (1000 acres) of the inactive Kennecott copper
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tailings area west of Salt Lake City have been successfully
stabilized by aerial application of chemicals.¥

Recently, several tailings piles have been successfully
planted by use of a combination chemical-vegetative tech-
nique. The chemical stabilizers hold more water near the
surface of the otherwise porous tailings, thus creating a
more favorable environment for growth of vegetation. Chemi-
cals are selected which do not have an inhibitory effect on
the plants.

An effective, long lasting method of dust control from
storage piles is the addition of chemicals to the water
sprays. Rather than acting as chemical soil stabilizers to
increase cohesion between particles, most of these chemicals
work as wetting agents to provide better wetting of fines
and longer retention of the moisture film. Some of these
materials remain effective without rewatering for weeks or
months., The system of application can be a continuous spray
onto the material during processing or a water truck with
hose and spray nozzle. The limiting factor here is the
possibility of contaminating the stored material with the
chemical dust suppressant.

Foam suppressants have recently been applied to dust
control in coal mining with some success. Other potential
uses of foam suppressants include tunneling machines, and
rock quarries.30

When using any chemical suppressant care must be taken
S0 as not to endanger nearby water quality as a result of
runoff from treated areas.

* Mention of company or product names is not to be considered
as an endorsement by the U.S. Environmental Protection
Agency
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Reduction of Wind Speed - Wind can contribute signifi-

cantly to all of the mining fugitive dust sources, both by
erosion of the exposed surfaces of storage areas, tailings
piles, and reclaimed areas and by direct transport of the
dust generated by the other mining operations. Therefore,
reduction of surface wind speed across the source is a
logical means of reducing emissions. This takes such
diverse forms as windbreaks, enclosures or coverings for the
sources, and planting of tall grasses or grains on or |
adjacent to exposed surfaces. The vegetative techniques all
need a soil which supports growth -- containing nutrients,
moisture, proper texture, and no phytotoxicahts. These
requirements, especially adequate moisture, are often not
readily available in mining areas and are often the reason
that natural protection against wind erosion is insufficient.

The large size of most of the mining fugitive dust
sources precludes the widespread use of enclosures or wind
barriers from practical considerations. A natural wind
barrier is usually created for overburden removal and
shovel/truck loading by the depressed location of these
operations.

Many materials have been tried for physical stabiliza-
tion of fine tailings. The materials most often used are
rock and soil obtained from areas adjacent to the wastes to
be covered. Soil provides ah effective cover and a habitat
for encroachment of local vegetation. However, it is not
always available in areas contiguous to the tailings piles
and, even where available, it may be costly to apply.
Crushed or granulated smelter slag, another waste product,
has been used to stabilize tailings. Another physical
method of control which has been employed is covering with
bark or harrowing straw into the top few inches of tailings.
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Reclamation of mined areas is both a source of and a
control technique for fugitive dust, i.e. the short-term
reclamation operations such as regrading and revegetation
which produce fugitive dust are designed to ultimately
result in an area which is stabilized and protected over the
long-term from the erosion mechanisms of wind and runoff.
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2.7 COUNTRY AND TERMINAL GRAIN ELEVATORS
2.7.1 Process Description

There are approximately 10,000 grain elevators in the
United States. Among the grains they store and handle are
corn, wheat, rye, oats, barley, fiaxseed,‘grain sorghum
(milo), and 50ybeans. Grain elevators may be classified as
country elevators and terminal elevators. Guidelines for
this differentiation are briefly summarized in Table 2-45.°

| Operational activity at different plants varies widely.
Country elevators operate primarily during the harvest
season and hold grain only until a market can be found to
sell the grain to terminals, exporters, and/or to process-
ors. Terminal elevators are large elevators which operate
the year round. Terminal elevators receive‘grain both from
farmers directly and from the_smailer'country elevators.
The grains received by terminal elevators may be stored for
long periods and must maintain their guality during storage.
The elevators which store U.S. Government owned grain may do
relatively little processing of it in the course of a year.
Other elevators used for grain merchandising'have much more
activity, and may handle a volume of_grain exceeding'IS
times their storage capacity in one year.2 | |

Country and terminal elevators employ similar grain
handling operations. They typically grade for grain quality
and dust content, weigh, and dump grain from trucks, rail
cars, or barges into receiving hoppers. The grains received
are then transported by conveyors (belt, screw, or drag
types) and bucket receiving elevator legs which elevate-the_
grain to the top of the elevator. '
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Table 2-45. GUIDELINES FOR DIFFERENTIATION OF COUNTRY

AND TERMINAL ELEVATORSl

Operation Country elevator Terminal elevator
Receiving Grain received pri- Receives grain by
method marily by truck from truck, rail or barge
farmers within 32 km
(20 miles) of the
elevator
Receiving 350 m> (10,000 bushels) | 1200 m3 (35,000
leg per hour or less bushels) per hour
capacity Oor more
Shipping Grain shipped out by Grain shipped out
method truck, railcar, or by truck, railcar,
barge barge, or ship
Storage 530 to 70,000 m3 70,000 m> (2,000,000
capacity (15,000 to 2,000,000 bushels) of grain
bushels) of grain and greater

From the top portion of the elevator (known as the
"headhouse") a distributor or tripper directs the grain
received into one of several separate bins or gilos. Before
or after the bins or silos the grain is transported to a
garner bin and then into a weighing scale bin. The scale is
a key transfer point in the elevator and all grain passes
through it. A country elevator usually has one scale but a
terminal ele?ator may have as many as four. From the scale
the grain is spouted onto a conveyor for delivery into its
spec1f1ed storage bin, or allowed to fall through suitable
loadlng devices for shipment from terminal elevators by
truck, railcar, barge, or ship. Country elevators ship
primarily by truck and rail in nearly equal quantities.

The grain may also be cleaned, dried, turned,

gated in an elevator.

and fumi-
Cleaning is necessary because the
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grain may contain crop soil, weeds, insects, and large
contaminants such as sticks or stalks., Other dusts may be
produced from the grain itself by abrasion during handling
and storage. Cleaning may congist of scalplng (removing
large foreign objects) then air aspiration. After cleaning
the grain may be classified by a series of screens.

Certain grains, especially barley, oats, wheat, corn
and sorghum, must be dried to specified percentage moisture
contents before long-term storage in a terminal elevator. .
1f not removed, excess moisture can cause the grain to
spoil. Grain is‘generally.dried at the first elevator
receiving it, therefore, most grain is dried at country
elevators. However terminal elevators usually have drying
facilities also. Drying facilities are used predominantly
during the harvest secason. The amount of grain dried each
year depends on the wetness of the harvest season.

Fumigants and aeration are used to prevent or eliminate
grain infestation by insects, molds, and fungi. One method
of their extermination is to seal off all bin openlngs and
use a fumigating gas such as carbon disulfide or chloro-
picrin. The fumigant gas is then vented from the bins
through the bin vents which are ordinarily used to vent air
from the bins as the_graln enters them. These bin vents are
small screen-covered openings located at the top of the
storage bins or silos. Elevator legs and weigh scales are
also vented to the atmosphere to relieve air displaced by
the grain being handled.

' glow grain fermentation and heat_generation may occur
in bins used for long-term storage. It then becomes neces-
sary to "turn-the-bins" to prevent grain deterloratlon. In
the turning operation the grain from one bin is transported
by conveyor and elevator leg to another bin. - Bin turning
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cools the grain about 6°C (10°F). Turning may be necessary
several times a year depending on moisture content, grain
temperature, and the length of time the grain has been
stored without aeration.3

A process flow diagram for country and terminal grain
elevators is shown in Figure 2-17. The potential process
fugitive emissions are identified and explained in Table
2-46. Plant roads are a dust source common to all grain
elevators but not specifically included in Table 2-46 or
Figure 2-17. Proper evaluation of dust from plant roads is
explained in Section 2.1.
2.7.2 1IPFPE Emission Rates

Table 2-46 presents a summary of measured uncontrolled

fugitive emission factors for terminal and country grain
elevators. The values were measured during grain handling
operations on a variety of grains such as corn, wheat, and
barley. But measurements are not available for every common
grain, Fugitive emission factors for rye and flaxseed are
particularly lacking. Also included in Table 2-46 are re-
liability factors for the values of each handling and stor-
age operation.

The Table lists wide ranges for measurements of many
fugitive emission factors. The measured values will differ
when:

1. Source and type of grain being handled varies from

day to day in - .

° Quality and grade of grain (today's corn
hybrids are considerably more dusty than.
those of a few years ago® when some of the
emission measurements were made) ,

Kind and amount of foreign material and grain

dust in the grain initially (usually 5 per- .
cent or less),
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° Moisture content of grain (usually in range
10~30 percent).

2, Equipment characteristics in the individual grain
elevator vary in =

e Degree of enclosure at loading and unloading
area,

° Type and speed of belt or other conveyors
especially at transfer points,

o Type of cleaner and dryer used,

e Amount and type of control equipment used, if
any.

3. Amount of previous handling and transfer of grain
(which gives rise to fragmentation and rubbing off
small particles of chaff from the grain).

Most of these factors have not been studied in suffi-
cient detail to permit a precise evaluation of their impor-
tance to IPFPE rates.9 Some grains are considerably more
dusty than others, but the data are insufficient to quanti-
tatively assess the differences. For example, field run
soybeans, oats, and sorghum are usually very dusty whereas
wheat is a comparatively clean_grain.4 Oats and rye gener-
ally generate more dust in a given grain elevator operation
than do wheat or corn.3

With an understanding of these considerations the _
potential uncontrolled fugitive emission rates in Table 2-~-46
may be applied to a specific elevator under consideration.
More data will be available in the near future in an AP-42
supplement.

2.7.3 Example Plant Inventory

The example plant inventories for a terminal grain
elevator and for a country grain elevator are- shown in Table
2~46. In this Table are also shown the potential yearly
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particulate fugitive emission quantities from the various
operations at grain elevators. '

_ Yearly throughputs are chosen for the example terminal
3 (4,250,000
and 624,000 bushels) respectively. These plant inventories

and country elevators as 150,000 and 22,000 m

are not meant to display typical grain elevators but merely
potential sets of conditions expected. Corn, wheat, and
soybeans are the,grains to be stored and handled in these
model plants. Wheat is chosen as 40 percent of the bushel
throughput, while corn and soybeans are each chosen as 30
percent of the bushel throughput. Not included in the
inventory are fugitive emissions from plant roads. These
sources may be calculated using procedures in Section 2.1.

The total model grain elevator uncontrolled process
particulate fugitive emissions are estimated to be 484 Mg
(533 tons) per year for the terminal elevator and 122 Mg
(134 tons) per year for the country elevator. The major
sources of fugitive emissions are receiving and shipping,
transfer and conveying, drying, and screening and cleaning.
2.7.4 Characterization of Fugitive Emissions

The fugitive particulate emissions from grain elevators
result primarily from the unclean state in which grain is
received at elevators. It may contain a small amount of
spores of smuts and molds, insect parts, weed seeds, various
pollens and siliceous dust from vegetation and soil in the
vicinity in which it was grown. But most of the dust is
bristles and other particles from the outer coats of grain
kernels produced by the abrasion of the individual kernels
of grain. |

Grain dust has a specific gravity normally in the range
0.8 to 1.5 as compared to various other industrial dusts
which usually have specific gravities between 2.0 and 2.5.4
Grain dust is mostly in the range of 10 to 100 um in size.3

2-268




In Table 2-47 are presented the results of tests of the
inlet of a cyclone which vented the elevator leg.9 These
cyclone inlet emissions can be considered an approximation
of the particle size distribution of the fugitive particu-

late emissions from an uncontrolled elevator leg vented to
atmosphere.,

Table 2-47. PARTICULATE SIZE DISTRIBUTION FOR
ELEVATOR LEG CYCLONE INLET TEST9

e ——

US Sieve Size opening, Cumulative weight,
mesh (um) percent greater than
100 149 32.7
170 88 44.7
200 74 48.7
325 44 68.0

- 20 91.0
- 10 99.1
- 5 99.9
- 1 99.9

During corn drying "bees wings" which are the filmy
outer skin of the corn kernel, are emitted as well as normal
grain dust. Essentially all bees wing emissions are over 50

um in diameter and the mass mean diameter is probably in the
region of 150 um.4

2.7.5 Control Technology

Control Technology options for grain elevator IPFPE
Sources are presented in Table 2-48. Specific dust control
systems for the various grain handling operations are dis-
cussed in the following paragraphs. Additional information

regarding loading/unloading and transfer/conveying may be
found in Section 2.1.
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Table 2-48., CONTROL TECHNIQUES FOR
GRAIN ELEVATORS IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS

Preventative procedures Capture Renoval
and operating changes methods equipment

]
é
- RN ;
: £ 2 2
o~ (-9 § v 1]
HEREEHMEE 5
el §i s & b=l
513 12l 2|5 | B 5
w ) - @ [*] = ] 1=
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sl &l T - -] al » b
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E Q L " =1 E - = L =
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: - i.‘=- 1 L - & o
| Z|w| Bl EIE| L o2 2le| &l &
Ind . Grain Elevat ElS|2)1 8|5l =[2[E)¢® %lelF &
ndustry: rain eva ors‘ ols S‘ - 5 '3 uc- g1 5 = I
W =1 B4 [ [ 0 =2 x o, =
|l @Bl S| m|=|=] 2| 3| ] @ c| «
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2115l gle| B8] 2 Sl 2l vl 8le
-] = clE8l3(lelelEIR{BR| & SlEl 2 §
A HEAHAHEHEEHEE R
gl=ld|lEg|S|g|&|E|S|=|f| RIS SIE|&|A
1. Receiving®
Truck un'loadin? A X 3
Railcar unloading ‘/b % ] X
Barge unloading X
2. Transferring and conveying (total) which
includes followingd
a. Receiving elevator leg and head 3
b. Garner and scale vents x
¢. Distributor, trippers, and spouting v x
d. Storage bin vents . . v/ %
e. Turning ' o | x
3. Screening and cleaning [ X
4. Drying
5, Shipping®
Truck loading 4 X x olo
Railcar loading v X x g |o
. Barge or ship loading 4 X o le

x Typical control technique.
o In use (but not typical) control technique.
+ Technically feasible control technique.

3 see also Section 2.1.
b Typically uncontrolled at country elevators.
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Effective dust control during truck uﬁloading opera-
tions generally requires the use of undergrate aspiration
and a suitable enclosure or shed over the receiving pit.

The aspirated air is directed to a control device which is
usually a cyclone, but fabric fllters are gradually replac-
ing them on new grain elevators.

The type of enclosure for the unloading effects the
dquantity of fugitive dust emitted. Some grain elevators use
only a two-sided enclosure with a roof. Many country
terminals use no enclosures at all. The most suitable
structure for fugitive emission control is a three-sided and
a top enclosure or drive-through tunnel where a door is
lowered each time a truck is unloaded. Ultimate control is
obtained when the truck unloading is conducted in a totally
enclosed shed or drive~through tunnel with two quick-closing
doors. With this enclosure type control structure most
windage fugitive emission losses could be prevented during
truck unloading; however, the cost may be prohibitive. |

Best railcar unloading emissions control requires
similarly total enclosure sheds or drive-through tunnels
with quick closing doors. However, some country elevators
have no enclosures for railcar unloading.

Control problems are different from dust hopper cars
than from boxcars. Two unloading control methods have been
used for hopper cars. One method uses undergrate aspiration
feeding to a cyclone or fabric filter in a manner similar to
truck unloading. The second method uses a small receiving
hopper to effect choke unloading. Boxcar unloading is
usually carried out by "breaking" a grain door inside the
car. This produces a surge of grain and dust as the grain
falls into the receiving hopper. The grain remaining has to
be scooped out. Each scoop of grain can result in a cloud
of dust.
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Another common boxcar unloading technique is mainly
used at terminal elevators. This technique is a mechanical
boxcar dump which tiits the boxcar to dump the grain into a
receiving pit. This rapid unloading method creates a large
cloud of dust which may be difficult to control.

The emissions from these two boxcar unloading methods
may be controlled by undergrate aspiration to a fabric
filter or a cyclone. However, large volumes of air are
necessary for over 95 percent dust capture efficiency.

Barge unloading is primarily done by a retractable
bucket type elevator (marine leg). This is lowered into_thé
hold of the barge. Some generation of fugitive dust occufs
in the hold as the grain is scooped out and also at thé top
of the marine leg where the grain is discharged onto a
conveyor. Control for barge unloading is best carried out
by completely enclosing the leg and aspirating the dust
through a fabric filter or cyclone.

The control of transferring and conveying grain in an
elevator is often carried out by ducting many individual
dust sources to a common dust collector system. This is
commonly done for the dust sources in the headhouse. Thus
aspiration systems serving elevator legs, transfer points,
bin vents, etc., may all be ducted to one collector. In
these control systems it is desirable to enclose all pos-
sible conveyors so that little particulate matter can be
emitted. Trippers are usually hooded and ventilated to
cyclones or fabric filters. Emissions from grain scale
weighing hoppers and their associated surge bins (garners)
also may be vented to a common collector.

Bin vents are common to both country and terminal
elevators. Many elevators vent the dust generated by the
flow of grain into storage bins directly to the atmosphere.
Small fabric filter units have been used as a dust collector
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in some metropolitan areas. Other elevators exhaust the
bins internally in the grain elevator to prevent exhaust of
the dust into the atmosphere.9 Grain screening and cleaning
emissions are controlled by hooding or enclosing the equip-
ment with exhaust to a cyclone or fabric filter. Some
screens with air-tight enclosures require no ventilation to
control devices.

Grain dryers present a difficult problem for air pollu-
tion control. Large volumes of air are exhausted from the
dryers, the exhausts have large cross sectional areas, the
dust has a low specific gravity, and the exhaust stream has
a high moisture content.

Rack or column dryers are commonly employed to dry
'grain at elevators. Column dryers have a lower emission
rate than rack dryers since some of the dust is trapped by a
column of grain. The dryers may use screen systems to
control particulate matter. The screens may be continuously
vacuumed to keep the screens clean and prevent air flow
blockage. Another screen cleaning technique is a sliding-
bar self-cleaning system. Emissions from the dryer also may
be collected by a cyclone. Fabric filters are rarely used
because the high moisture content of the exhaust tends to
blind them.

Grain turning is a dusty operation and so many eleva-
tors are now cooling by using aeration of grain bins. In
addition, aeration is about 40 percent less dusty than
turning and greatly reduces the need for transferring grain
for cooling.

As in truck unloading, the truck loading operation is
best controlled if the loading is done in a three-sided and
top enclosed shed with a closeable door. The loading in-
volves the free fall of grain into the truck with consider-
able dust emission. The dust emissions are reduced when
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using~teleSCOping spouts, choke loading, or reducing the
flow of grain to reduce the velocity at which it leaves the
spout,

Control of dust emissions in truck loading of grain is
difficult because of variation in the sizes of trucks and
the required movement of the.lbading spout. Aspiration
inside the enclosure is used in a few cases by installing a
hood at the discharge of the 1oading.spout. The particulate
matter is captured and ventilated to a cyclone or fabric '
filter. | | |

Boxcar grain loading control is not common. One method
of control is to cover the door area of the boxcar with a
hood and ventilate the particulate matter to a fabric filter
or cyclone.

Control of hopper car loading of grain is similar to
the methods used for trucks. The loading is often done in a
semienclosed area. A hood can be ingtalled at the discharge
of the loading spout. The dust generated in hopper car
grain loading is ventilated from the hood to a fabric filter
or cyclone. Telescoping. spouts or choke-feed are also used.

Ship and barge grain loading can be controlled by
covering the ship hold or barge opening with a tarp and
ventilation from beneath the cover to a cyclone or fabric
fJ.lter.10
ever. The grain in loading a barge or ship usually falls a

This may interfere with loading operations, how-

considerable distance into a hold. This results in the
liberation of a cloud of dust. Another control method is to
reduce the freefall distance of grain as it enters the hold
to decrease the dust emitted. A telescoping loading spout
kept extended to the grain surface will also reduce emis-
sions. The telescoping spout may be equipped with ventila-
tion to capture any.dust_generated;

2-274




Tables 2-49 and 2-50 give control costs in 1974 dollars
for a typical country and terminal elevator, respectively.1
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2.8 PORTLAND CEMENT MANUFACTURING

Portland cement is used for making concrete for con-
struction of many kinds of structures such as buildings,
bridges, and highways and in products such as concrete
masonry, concrete pipe and many precast components for
construction. Five types of Portland cement are produced in
the United States to specifications which are governed by
the desired end use, such as general construction, moderate
heat release in massive structures, sulfate resistance, or
high early strength.

Raw materials include 1imestone, clay or shale, iron-
bearing materials, and siliceous materials. Most of these
are taken from quarries by drilling and blasting procedures,
then transported to crushers and screening plants. The
product of these operations is transported to the storage
facilities for continuation of the manufacturing process,
which transforms these raw materials to a product known as
"Portland cement clinker."

There are two alternative processes which are used to
prepare the material for the manufacture of Portland cement -
wet and dry:

Dry Process - The raw materials are proportioned and

conveyed to a drying/grinding unit where they are dried and
ground either separately or simultaneously. The product of
grinding is air classified before storage, with the oversize
material returned to the grinding circuit. The product is
then blended and stored before subsequent calcination.

Wet Process -~ The raw materials generally include a

naturally occuring wet marl or clay. Following the gquarry-
ing operation, they may be slurried in a wash mill and then
ground to a high fineness with other raw materials, such as

2-280




limestone, to produce a slurry with water. This slurry is
blended through quality control procedures and fed to the
rotary kiln, where the water is driven off and the raw
mixture calcined to form Portland cement clinker.
Calcination - The blended material (from either the wet

or dry process) is fed directly to a rotating kiln or to a
preheated system then into a long inclined rotating kiln.,
The hot product of the calcination process, cement clinker,
is discharged from the kiln and immediately cooled in the
clinker cooler. After cooling, the clinker is combined with
gypsum (about 5% by weight) and ground in rotary ball mills.
The milled cement is air classified and the oversized mater-
ial returned to the mill. The cement is then stored to
await packaging or bulk shipment by rail, barge or truck.

A process flow diagram for cement production is shown
in Figure 2-18. Each potential process fugitive emission
source is identified and explained in Table 2-51. A dust
source common to all cement producing facilities, but not
specifically included in the Figure or Table is plant roads.
Proper evaluation of this emission category is explained in
Section 2.1. 1In addition, limestone guarries, which are
often an integral part of the cement facility, but not
specifically included in this section, are discussed sepa-
rately in detail in Section 2.6.

2,8.2 IPFPE Emission Rates

Table 2-51 presents a summary of uncontrolled emission
factors for the cement facility IPFPE sources. Since these
are potential uncontrolled emission rates, the site-specific
level of control must be considered for application to a
specific plant. Also included are reliability factors for
each estimate.
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The emission factors with an "E" rating are at best
order of magnitude estimates; consequently, actual emission
rates at a given facility could differ significantly from
those in Table 2-51. For example, one of the major poten-
tial fugitive emission sources is the handling of the vari-
ous raw materials and clinker (sources 7-9 and 16-18). The
storage area for these materials can be completely enclosed
ventilated buildings, open ended roof structures, or com-
pletely open areas. Discharge of the materials to these
storage areas can be by means of free fall from conveyors
(extremely dusty for clinker) or by telescopic or ladder
chutes. Thus, it is evident that these widely varying site
specifics create a wide variation in the related emission
rates.

The largest potential sources of uncontrolled fugitive
emissions at cement plants include paved and unpaved roads,
clinker handling and storage, raw material handling and
storage, and cement load-out. Another potentially large
source of fugitive emissions (though not covered here) is
kiln dust disposal. See.Section 2.1 for disposal practices.
2.8.3 Example Plant Inventory

The example plant inventory for Portland cement as
shown in Table 2-51 presents potential fugitive emission
quantities from the various uncontrolled sources within the
process. The inventory represents a plant which produces
403,600 Mg (443,968 tons) of Portland cement per year. The
plant inventory is not meant to display a typical plant, but
merely a model plant with specified circumstances.

The assumed feed rate of raw materials to produce 1 Mg
of Portland cement is as follows:

° 0.21 Mg (0.23 tons) of clay
° 0.14 Mg (0.15 tons) of sand

° 0.03 Mg (0.03 tons) of iron ore
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° 1.18 Mg (1.30 tons) of limestone

° ~0.03 Mg (0.03 tons) of gypsum
There are essentially no by-products from the Portland
cement industry. Flue dust when captured is often returned
into the system.

Not included in the inventory are fugitive emissions
from plant haul roads, kiln dust disposal, and quarrying
operations (drilling, blasting, and truck loading). Emis-
sion factors for these operations may be found in Sections
2.1 and 2.6, respectively. Total model plant uncontrolled
process fugitive particulate emissions are 3,656 Mg (4,022
tons) per year. The largest potential sources of fugitive
emissions are outfall points to storage and screening opera-
tions.

2.8.4 Characteristics of FPugitive Emissions

Fugitive particulate emissions from Portland cement
production consist basically of dust from various opera-
tionsg, but little information is available regarding the
size range characteristics. The typical oxide composition

ranges of clinker dust and cement dust are as follows.5
_FugiEive emission oxide composition:-
percent by weight

Compound Clinker dust Cement dust
Silica 19-24 18-23
A1203 3-8 3-8
Fe203 1-5 1-5

cao 62-69 61~66
MgO 0-5 0-5

S0, 0-1 2-4
Free lime 0-2 0-2
Minor components 0-1 0-1

2-288




2.8.5 Control Technology
Control technology options for the IPFPE sources are

presented in Table 2-52. This section discusses the fugi-
tive emission sources and their related control technolo-
gies, with the exception of those indicated in Table 2-52
as negligible. A general discussion of control techniques
for common IPFPE sources--material in loading, transfer/con-~
veying, storage, transfer by clamshells, and loading--is
presented in Section 2.1; however, characteristics of these
operations peculiar to cement plants are also discussed
here.

Raw Material Crushing/Screening - Control techniques

for raw material crushing and screening operations at cement
plants are essentially the same as those described for
materials extraction and beneficiation in Section 2.6.
These operations are typically enclosed and often located
subsurface which further diminishes the potential for the
escape of fugitive emissions. Water suppression via water
sprays at the feed points of both primary and secondary
crushing and screening operations are common. Hooding at
bins, discharge points, and conveyor transfer points which
exhausts to primary fabric filters are employed at some
plants. Although coal dust can be collected by a fabric
filter, the danger of an explosion must be noted.
‘Material Handling - Raw material and clinker handling

results in fugitive emissions which are often controlled by
the application of covers over transfer belts, or enclosing
and/or hooding transfer points with exhaust to fabric
filters. Properly designed hoods, used with 0.5-2 m3/sec

(1000-4000 cfm) fans, effectively control emissions.®

Some
plants use telescoping or ladder chutes for stockpiling of
material, which confine the material and its free fall

distance.7 Wet suppression methods are also practiced, but
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Table 2-52.

CONTROL TECHNIQUES FOR

PORTLAND CEMENT MANUFACTURING IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS
Preventative procedures Capture Removal
and gperating ¢hanges methods equipment
.
g %
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218 =elel 3| 2ls| | 2|38 5
2153 &|"~ R IRAE-
gl=lw|S| 8| c|d| oS g|1%| 5| 8
. = -] o @ — ab =3 o o - "
Industry: Portland Cement Manufacturing 'E E § x :=: § « § : sls] ® 8§
. - -~ n -
2122 8|»7=| 2(% 5038 *
=1 E]~=| o = & c -] Al =] = s =
L] HEF NI IR L -A ] g @ -
alecl[8]la|[S]ov|E|ElS B]|Sl8|%] &} =2 S
- -l = = -— =} @ =] F= 2 2] - [
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gl iz |82l Elsl2lel=lT) o
[} o~ w — e . - i
glel8ls|s|=(s|21e(8|l=12l2=|=8 2
2|S|3l1F|&8|2|&E|=S|lSlc)ic|lcleEl &2
1, Raw material unloading (rail, barge, truck) 7/
2. Raw material charging to primary crusher o |x
3. Primary crusher, o |x 1] o] o
4, Transfer points and associated conveying 4
§. vibrating screen ' o |x 0 o
6. Secondary crusher o |x 0 1]
7. Unloading outfall to storage X |o |a + +
8. Raw material storage x + +
9. Transfer to conveyor via c¢lamshell
10. Raw grinding mill and feed/discharge exhaust
systemsd . o |o
11. Raw blending 4
12. Blended material v X + +
13. Coal storage -] + +
14. Transfer of coal to grinding mill ) 4
15, Leakage from coal grinding mills v 0
16. Unloading-clinker/gypsum outfall .to storage ob x|o * +
17. Clinker/qgypsum storage X + +
18. Clinker/gypsum load-out 7
19. Finish grinding with leaks from mill and from
feed/discharge exhaust systems oo
x Typical control technique.
o In use (but not typical) control techmigue.
+ Technically feasible control technique.
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Table 2-52 (continued). CONTROL TECHNIQUES FOR
PORTLAND CEMENT MANUFACTURING IPFPE SOQURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS

Preventative procedures Capture Remova1
and operating changes methods equipment
w
2 £ d
3 H
o 1= -
- 8| 2| & Q =
- 2 | - - =]
o~ a o n @ -
£ = -
= - =8 w - [
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2|~ MR ] &
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EINHEHEHE R REIRE:
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y— | v a @ (%) — -= =2
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sl3le|l8lel32lele| |=ls|%s
Industry: Portland Cement Manufacturing =lal2l=| 5| Blsl g o slel e
v | - [ - a " 3 = o =
= - 2 =1 o —_1 3 =} 5
& sl=| < -] 15 a W o] e - =
L1 @ = 1 < S - = I -l = =2 @ -
o o v Ll = m = = vy =] - =1 g o
a — &l 2 = i = E a s - =3 — a - =
Ll = L g b (=] o = =5 Wy - o
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- u ~ a, @ Q 1] wn = 4] [~ 1]
SlulS]dis| 852|832l =2]|c|s)e
=] e e 181 (21 2l (23| =]l=l=2]%
[~ ™ = - = - -3 o [=] = > [~} — -] W -1
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20. Cement silo vents [} [}
21, Cement loading % % |o |o of o
22, Cement packaging X xJo |o [} [}

x Typical control technique.
o In use (but not typical) control technique.

+ Technically feasible contrel technigue.

3 control of feed/discharge ends of grinding mills (typically controlled by fabric filters) considered point source
control. Fugitive emissions are leaks from pick-up points of these systems.

b Wet suppression 1imited due to potential impairment of material quality.
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may be limited for clinker and gypsum due to the impairmént
of material quality and handling properties which may
result. _ _

One plant has experimented with foam to control clink8r
handling emissions; however, the resulting increase of
entrained air in the cement product has severely limited
employment of this‘control technique thus far.8 The abra-
siveness of clinker also may cause maintenance/attrition
problems with pneumatic transfer and exhaust system equip-
ment (ductwork, fans, etc.). Lowering of duct velocities is
a solution, but limited since the collection system effi-
ciency is simultaneously impaired.

Conveying and transfer of the powdery cement product
accomplished by belt conveyor and/or pneumatic conveying is
most often well confined and controlled for both prevention
of product loss and air pollution control. Control tech-
niques are similar to those for clinker conveying as des-
cribed above. Pneumatic transport system air is typically
controlled by fabric filters, |

Clinker Storage - Clinker storage is one of the major

potential sources of fugitive emissions at a cement plant.
Most facilities have some type of structure for protecting
the clinker from the weather; however, for the most part
these partial enclosures are not sufficiently confining to
prevent fugitive emissions from windage and 1oading/uh-
loading activities. Some plants employ open ended struc-
tures with partial sidewalls for storage of clinker and
other materials, such structures can become virtual wind
tunnels during strong winds. The most effective control
measure is complete enclosure of the storage area with
ventilation to fabric filters.’ One plant has a partially
enclosed facility which employs a mobile clinker ladder
exhausted to a fabric filter to practically eliminate emis-
sions from unloading the clinker to storage.8
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Emissions which escape from the hoods designed to
capture emissions from raw grinding and cement grinding
mills, and their associated air separators and elevators,
are significant at some plants because of the poor capture
efficiency of the primary control system. These operations
can be improved by increasing the blower head and vent rate
of the primary control system and by redesigning the hood-
ing.

Leaks in the ball mills, for example from worn-out
rubber seals between the nuts and bolts which fasten steel
plates to the inner walls of the mills, can be another
significant emission source. A conscientious maintenance
program is the best means for controlling these types of
emissions.8 These grinding mills are often located in an
enclosed structure, which helps to prevent the escape of
these emissions.

Cement Loading/Packaging - Cement storage silo vents

(for the discharge of displacement air as cement is fed to
the silos) are either uncontrolled, covered by fabric "socks",
or exhausted to fabric filters which are part of the pneu-
matic conveying systems. The control trend is toward aspira-
tion by fabric filters.

Cement loading for bulk truck, rail, and ship/barge
transport are typically gravity feed systems which are
partially enclosed (for truck and rail loading) or uncon-
fined (for ship/barge loading). Cement packaging is often
located in a building or partial enclosure. Some plants
exhaust the cement dust, which is emitted with the displaced
air during loading and packaging, to fabric filters, while
others have no control system at all. A loading or pack-
aging aspiration system which consists of a filling spout
with an outer concentric aspiration duct to a fabric filter
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is being employed at an increasing number of plantsg. Sec-
tion 2.1 provides further discussion on the general aspects
of loading and associated control systems.

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

A consciencious housekeeping program involving the
~routine clean-up of spills from conveyor pick-up and trans-
fer points, accumulations of leaks from grinding mills and
similar sources exposed to wind erosion is a very important
part of the cement facility's overall fugitive emissions
control program. _

Limited data on the costs of fugitive emission control
systems for a plant with a capacity of about 450,000 Mg

(500,000 tons) per year are presented below.>
Source/Control System Cost

Dump hopper for primary crusher/Spray system $25,000

Feed end of kiln/Improvement of seals to $30,000

prevent fugitive emissions

Clinker ladder and duct work | - $25,000

Cement siio vents/Fabric filters $50,000
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2.9 LIME MANUFACTURING
2.9.1 Process Description

The manufacture of lime involves the calcining of
limestone (CaCO, or CaCO, - MgCO,) to release carbon dioxide
and form quicklime (Ca0 or CaO * Mg0O). There are three
types of limestone used to produce lime. The limestone is
classified as "high calcium" or "calcite" if the magnesium
carbonate content is less than five percent, and "dolomitic
limestone" or "dolomite" if the magnesium carbonate content
is 30 to 40 percent. Magnesium limestone contains more
magnesium carbonate than high calcium stone, but less than
dolomite.

Most lime facilities are located at or in close proxi-
mity to a limestone quarry. Transfer of the quarried lime-
stone to the crushing/screening site is most often accom-
plished by huge off-highway trucks. Section 2.6 describes
in detail the processing operations at a limestone quarry.

Limestone and/or dolomite is crushed and size-classi-
fied by screening to obtain the desired feed size for the
calcining kilns. In the United States, limestone is cal-
cined in either vertical or rotary kilns. The limestone
feed material size for vertical kilns is 15-20 cm (6-8
inches); consequently, only primary ¢rushing is required.
However, some vertical kilns do require 8-13 cm (3-~5 inch)
material feed size. Horizontal kilns require the smaller
size feed provided by secondary crushing.

All vertical kilns operate similarly and have four
distinct zones from top to bottom: stone storage zone,

, Preheating zone, calcining zone, and cooling and discharge
zone. The flow of stone in the kiln is countercurrent to
the flow of cooling air and combustion gases. The stone is
charged at the top and preheated by the hot exhaust gases
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from the calcining zone. Air blown into the bottom of the
kiln cools the lime before it is dischatged. This air is
heated sufficiently by the time it reaches the calcining
zone to be used as secendary-combustien air. The lime is
discharged to cars on tracks or to conveyor belts, and |
either shlpped or further processed by hydratlng.

The rotary kiln, which is supported by rollers, is a
long inclined horizontal steel cylinder llned with refrac-
tory brick. Most rotary kilns rotate at a speed of about
one rpm. The limestone flows countercurrent to the heat,
the pebble 51ze llmestone enterlng at one end and the hot
air entering at the other. Rotary kilns are composed of
three fairly distinct zones: the feed or drying zone, the
central or preheating zone, and the calcining zone. Though
kilns are usually well controlled, an imperfect hood fit
around ﬁhe rotating kiln at the feed end can be a source of
fugitive emissions. | |

Regardless of kiln type, the temperature in the feed
end of the kiln is kept below 540°C (1000°F) while the
operating temperatures in the preheating and calcining zones
are generally in the 1,090 to 1,320°C (2,000 to 2,400°F)
range,'with higher tempefatures being found in shorter
kilns. ' | _

The_calcined lime (guicklime - CaO) istthen screened,
milled, and shipped as is and/or futher processed to produce
hydrated lime. Fines from calcination'ean be briquetted,
fed to a hydrator, or ground or pulverized for market de-
mands. - | |

The hydration process involves adding water to crushed
or ground guicklime in a mixing chambef‘(hydrator). The
product, called slaked lime, is dried primarily by the heat
of hydration. The slaked lime is conveyed to an air sepa—
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rator in preparation for final shipment. Dolomitic pressure
hydrated lime involves an additional miiling step prior to
shipment. ' _

Shipment of the quicklime and hydrated lime products is
accomplished by packaging in bags, and by bulk handling in
truck, rail, and ship/barge.

A process flow diagram for lime manufacturing is shown
in Figure 2-19. Each potential process fugitive emission
point is identified and explained in Table 2-53. Dust
sources common to all lime producing facilities, but not
specifically included in the Figure or Table, are plant
roads which are discussed in Sectlon 2.1,

2.9.2 ' IPFPE Emission Rates - _
Table 2-53 presents a summary of uncontrolled emission

factors for a lime facility IPFPE sources. Since these are
potential uncontrolled emission rates, the site-specific
level of control must be considered for application to a
specific plant. Also included are reliability factors for
each estimate, as defined previously.

The largest potential IPFPE sources are secondary
crushing/screening and the combined transfer and associated
conveying sources (source 3 in Figure 2-19).  Uncontrolled
fugitive dust emissions from unpaved roads at lime plants
and associated quarries are often larger overall IPFPE
sources.

2.9.3 Example Plant Inventory

The example plant inventory for lime manufacturing as
shown in Table 2-53 presents potential fugitive particulate
emission quantities from the various uncontrolled sources
within the process. The inventory represents a plant whlch
processes 100,000 Mg (110,000 tons) of limestone ore per
year. Because of the wide varlablllty throughout the
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Figure 2-19. Process flow diagram for lime manufacturing showing

potential industrial process fugitive particulate emission points.
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industry, in terms of individual plant production (amount of
limestone processed and subsequent disposition in the form .
of aggregate construction material, quicklime, and a variety
of hydrated lime products), the plant inventory is not meant .
to display é typical plant, but merely a model plant with
arbitrarily selected individual process operation through-
puts. '

By-product lime from quicklime screening (fines) and
the lime hydration air separator are further processed or
stored for local markets (e.g. local farmers for agricul-
tural use). Fugitive emissions collected from fabric fil-
ters and other removal equipment are most often returned to
process streams; those which cannot be returned to process
streams are hauled to lime storage or waste piles.

Not included in the inventory are fugitive emissions
from plant haul roads, waste areas, and quarrying opera-
tions. Emission factors for these sources are presented in
Sections 2.1 and 2.6, Total model plant uncontrolled
process fugitive particulate emissions are 129 Mg (141 tons)
per year.

2.9.4 Characteristics of Fugitive Emissions

Fugitive particulate emissions from lime production
congist basically of limestone dust from operation prior to
calcination and lime dust from operation following calcina-
tion. Fugitive particulate emission from limestone storage,
handling, and transfer typically has a mean particulate
diameter of 3-6 nm, 45-70 percent of which are less than 5
um. 8 | |

Little other information concerning fugitive particu-
late emission characteristics from lime production is avail-
able. The following information pertaining to stack emis-—
sions characteristics is presented since they most likely

closely parallel those of fugitive emissions.7'8
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' Particle size
Operation distribution

Hammer Mill (crusher) 30% < 3 uym, 47% < 5 um, 60% < 10 um
74% < 20 um, 86% < 40 um

Screening 46% < 3 ym, 72% < 5 um, 85% < 10 um

Bagging house 71% < 5 um, 87.3% < 10 um
: 96% < 20 um, 98.8% < 40 um

In addition, emissions from crushed limestone contain

1-2 percent by weight free silica.9

2.9.5 control Technology

Control technology options for the lime IPFPE sources,
with the exception of unpaved roads, waste areas, and lime-
stoné storage which are discussed in Section 2.1, are pre-
sented in Table 2-54. This section discusses the major
fugitive emission sources and their related control tech-
nology.

Processing of the limestone and dolomite from the
quarry, involving crushing, screening, and transfer oper-
ations is controlled by wet suppression and/or hooding and
exhaust to removal equipment. Nearly all plants employ
water sprays as an important adjunct of the control system,
or as the sole control used. Primary crushers are con-
trolled more often by wet suppression than fabric filters.
Hooding and exhaust ventilation to fabric filters are more
commonly used for dust control at bins, secondary crushing
inlets and outlets, screens, and material transfer points.

Transfer and conveying of both the finished quicklime
and slaked lime products can be a considerable fugitive
emission problem if these sources are'not adequately en-
closed and exhausted. Nearly all plants completely enclose
the conveyor systems, which are most often belt-type, and
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Table 2-54. CONTROL TECHNIQUES FOR
LIME MANUFACTURING IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS

Preventative procedures | Capture Removal
and operating changes methods equipment

Better control of operating parameters and procedures
Filling spout with outer concentric aspiration duct

IPFPE source typically uncontrolled

Control technologies 1dentified in Section 2.1
Wet suppression {water andfor chemical)
Confinement by encloswre - partial or complete
Better control of raw material quality

Improved maintenance andfor construction program
Increase exhaust rate of primary control system
) _Fixeni lioods, curtains, partitions, covers, etc.

I
o o
S| =
w| 3
— o
B
a @
- =
2 pall =
Industry: Lime Manufacturing E b :
d 3 =
E w| = L z
@ o 22 3 ]
@ @ o o — o
- a = = - I
= Aol @ £ " wl®
£ RS
o o o 8 o | a2
£ SlZ|2|8|Cf2| &8
1. Limestone/dolomite charging to primary o | x
¢rusher
2. Primary crushing o | x o o |of
3. Transfer points and associated conveying 7
4. Primary screening o X 0 0
5, Secondary crushing ) 0| X - <] b |of
6. Secondary screening o |x 0 1o
7. Crushed limestone storage : 1%
8. Quicklime s<:r'een1'r|ga ' ' o x [ ]
9, .Quickl'lme/hydrated Yime crushing and pul- o |0
verizing with leaks from mili gnd from
feed discharge exhaust systems
10, Lime product silo vents . ' 0 0
11. Truck, rail, ship/barge loading of quick- X x]ofo 1o
lime and hydrated 1lime .
12. Packaging quicklime and hydrate 1ime = % xjolo o]o 0

x Typical control technique.
o In use {but not typical) comtrol technique.

"+ Technically feasible control technique.

2 et suppression limited due to potential 'Impa'li*ment of material quality.

b Control of feed/discharge ends of grinding mills (typically hooded and exhausted to fabric filters) considered point
source control. Fugitive emission are leaks from pick-up points from these systems.

€ Primary control often in serfes with fabric filter. :
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many of them enclose and exhaust transfer points as well.
Section 2.1 provides a more detailed discussion of control
technology for transfer and conveying operations.

Emissions which escape from the hoods designed to
capture point source emissions from quicklime and hydrated
lime grinding mills and screens, and their associated air

separators and elevators, can best be controlled by im-
| proving the capture efficiency of the hoods. This can be
accomplished by increasing the blower head and vent rate of
the primary control system and by redesigning the hooding.
The removal equipment normally associated with such a system
include fabric filters or wet cyclonic devices, often with
cyclone pre-cleaners. _

Lime storage silo ventilation air and pneumatic trans-

port system air are usually controlled by fabric "socks"
~ (lime silo vent) and fabric filters.

Lime packaging and bulk truck, rail, and ship/barge
loading operations are also frequently controlled by as-
piration through fabric filters. Gravity-feed fill spout
mechanisms with outer concentric aspiration ducts to fabric
filters provide nearly dust-free operation at these loading
sources, and are finding widespread employment at lime
facilities. ,

Most of the material collected by fabric filters at a
lime plant is returned in a closed loop to its related pro-
cess operation; however, when this collected material cannot
be returned (e.g., kiln flue dust), disposing of it to lime
by-product storage or waste areas by discharge and transport
in open trucks, can be an intermittent yet severe problem.
Wet suppression and enclosure of the unloading operation and
covering of the truck can be used to reduce these emissions,
Pug mills are sometimes used to thoroughly moisten waste
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materials. Control of waste disposal area émissions has
been discussed in Section 2.1.

Miscellaneous IPFPE sources sudh'aS'spillage from over-
loaded trucks, 1éaky bins, and accumulation of lime on the
ground under conveyor transfer points are intermittent prob-
lems which can be cumulatively significant'if not properly
attended. In general, the control of these sources is best
accomplished by the use of careful housekeeping and main-
tenance procedures .(consisting of maintaining the equipment
and enclosure to prevent leaks, maintaining fabric filters
conscientiously with quick replacement of broken bags, and
quick clean-up of spills), supported by a conscientious
surveillance and education program.
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2.10 CONCRETE BATCHING
2.10.1 Process Description

Géncrete batching plants store, convey, measure, and
discharge the constituents for making concrete to transpor-
tation equipment. Plants are of three basic types: wet
batching, dry batching, and central mix plants. The plants
are similar in the method by which the solid raw materials
(sand, aggregate, and cement) are received, stored, trans-
ferred and blended, but differ with respect to where the
water is added to the mix.

The raw materials are delivered to the plant by rail or
truck. The cement is transferred pneumatically (most common)
or by bucket elevator to elevated storagé silos, while the
sand and aggregate are generally stored on the ground and
transferred to elevated bins via belt conveyor or bucket
elevator in preparation for mixing. From the overhead bins,
they go to weigh hoppers which weigh out the proper amount
of each material. The wet batching plant mixes sand, aggre-
gate, cement and water in the proper proportions (from the
weigh hopper), and dumps the mixture into transit mix trucks
which mix the batch en route to the site where the concrete
is to be poured. Dry batching plants mix the sand, aggre-
gate and cement and then dump this dry mix into flat bed
trucks which transport the batch to paving machines at the
job site where water is added and mixing takes place. A
central mix plant uses a central mixer to make the wet
concrete for transfer by open bed dump trucks to the job
site.

A process flow diagram for concrete batching is shown
in Figure 2-20. Each potential fugitive emission point is
identified and quantified by emission factors in Table 2-55.
A dust source common to all concrete batch plants, but not
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specifically included in this section is plant roads.
Discussion of this fugitive dust source is presented in
Section 2.1.
2.10.2 TIPFPE Emission Rates

Table 2-55 presents a summary of uncontrolled emission

factors for concrete batching plant IPFPE sources. Since
these are potential uncontrolled emission rates, the site-
specific level of control must be considered for application
to a specific plant. Also included are reliability factors
for each estimate.

The largest potential source of uncontrolled fugitive
emissions at concrete batching plants is cement unloading to
elevated storage silos.

2.10.3 Example Plant Inventory
The example plant inventory for concrete batching shown

in Table 2-55 presents potential fugitive emission quanti-
ties from the various uncontrolled sources within the pro-
cess. The inventory represents a wet-batch plant which

3 (40,000 yd3) of concrete
per year. The plant inventory is not meant to display a

produces approximately 30,000 m

typical plant, but merely a model plant with an arbitrarily
chosen production rate.
Raw material constituents were based on the following

proportions:
sand and aggregate: 85% by weight
cement: 10-15% by weight
water: 5% by weight 3
density of concrete: 2.4 Mg/m3 (4,000 1b/yd~)

Not included in the inventory are fugitive emissions
from plant haul roads. Emission factors for these sources
are listed in Section 2.1. Total model plant uncontrolled
process fugitive particulate emissions are 5.4 Mg (5.8 tons)
per year.
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2.10.4 Characteristics of Fugitive Emissions

In a wet concrete batching plant, practically all the
dust generated is cement dust since most of the sand and
aggregate used is damp. Particle size characteristics df
the dust vary according to the grade of cement. A range of
10 to 20 percent by weight <5 um is typical for the various
grades of cement. The dust generated from dry concrete
batching plants has characteristics similar to those of the
cement dust discussed for wet concrete batchihg plants.

2. 10 5 Control Technology
. Control technology options, with the exception of

'unpaved roads and storage of sand and aggregate discussed in
Section 2.1, are presented in Table 2-56. This section dis-
chSéS-the major fugitive emission sources and their related
control technology. '

The amount of fugitive emissions generated during
transfer of sand and aggregate from storage to elevated
-Hgtorage bins depends primarily on the surface moisture
content of these materials. Water sprays applied at the
feed, transfer, and discharge points of the belt conveyor or
bucket elevator system will ensure that the material is
sufficiently moist to prevent dusting. 1In addition, most
plants partially or completely enclose the conveyor system
to prevent windage losses. Transfer points may also be
exhausted to fabric filters for control. Section 2.1.1
discusses transfer and conveying sources in detail.

Pneumatic transfer of cement to elevated storage silos
from trucks and rail cars equipped with compressors are
finding increased application over cement transfer by bucket
elevator. Pneumatic transfer eliminates emissions between
the truck or railcar and the cement silo and réquires con-
trol only at the cement silo vent by fabric filter. In the
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Table 2-56. CONTROL TECHNIQUES FOR
CONCRETE BATCHING IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS

Preventative procedures Capture Removal

and operating changes methods equipment

IPFPE source typically uncontrolled
Control technologies fdentified in Section 2.}
Wet suppression {water andfor chemical}

Better control of operating parameters and procedures
Improved mainterance andfor corstruction program
Increase exhaust rate of primary control system
Fixed hoods, curtains, partitions, covers, etc.

Better control of raw material quality
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3, Cement transfer to elevated storage silosb a
and silo vents X ] o
4. Weigh hopper loading of cement, sand, and
aggregate o oo
5. Mixer loading of cement, sand, and aggregate
(central mix plant) 0 ]
6. Loading of transit mix (wet batching) truck x oo oo
7. Loading of flat-bed (dry batch) truck X oo o]0

k3

(=]

+

Typical control technique.
In use (but not typical) contrel technique.

Technically feasible control technique.

For bucket elevators.
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pneumatic delivery system a volume of'c0nveying air required
is about 0.165 to 0.330'm3 per second (350 cfm to 700 cfm)
depending on the loading cycle, etc. Since the air is being
forced into the silo the baghouse will require a blower in
order to relieve the pressure inside the silo, and allow
flow through the fabric filter. A vent rate in the neigh-
borhood of 0.566 to 0.613'm3 per second (1200 to 1300 cfm)
is generally required. The negative pressure created also
prevents cement dust leakage around access doors, and other
openings which would not be the case if the cement silo was
under a positive pressure during filling.

. The cement receiving storage system for a bucket ele-
vator is at or below ground level. The hopper is designed
to fit a canvas discharge tube from the hopper of the truck
or railcar, which practically eliminates cement emissions.
The bucket elevator is usually completely enclosed. As with
pneumatic conveying, the cement silo vent emissions caused
by the air displaced in the silo during loading must be
controlled. Control can be accomplished by venting to a
central dust collecting system or a single collector placed
on top of each silo. A fabric type of collector is most
often used to vent the cement silo as well as other dust
collecting points in concrete batching plants.. The single
type of filter that is placed on each silo can be operated
without an exhauster when the material is delivered to the
silo by bucket elevators because it is simply used to filter
the air that is forced out. '

The emissions generated from the rapid discharge of
sand, aggregate, and cement into the weigh hopper may be
controlled by venting the displaced air to the individﬁal
storage bins and silo or by venting it directly to a central
collecting system. '
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Fugitive emissions from air displaced as dry materials
are discharged from the weigh hopper into the mixer at a
central mix plant can be considerable. Effective control
can be accomplished by a mobile hood placed over the outlet
of the discharge end of the mixer. This hydraulically
operated hood is swung away from the discharge end when the
mixer is dumped. For a hood of this type the indraft face
velocity should be approximately 5-8 m/sec (1000-~1500
ft/min) in order to overcome the velocities that are created
when the dry aggregate and cement fall into the mixer.

Fugitive emissions generated when the weighed amount of
sand, aggregate, and cement is dumped from the weigh hoppers
into the receiving hopper of the transit mix truck can be
controlled by several different methods: (1) employment of
a telescopic shroud which encompasses the rear of the mixer
which can be controlled mechanically or by air cylinders.
The flexible shroud is lowered over the rear of the truck
when the truck is in place; (2) stationary type of hood
where the trucks have to back into it. This is a good
design but the fact that the trucks have to back into it may
be a disadvantage; (3) hood made of sheet metal which
totally encloses the transit mix truck receiving hopper when
in place. After the truck is filled, the panels are raised.
The side panels of the hood are actuated by air cylinders.
Most plants that do dry batching also do wet batching,
therefore, the weigh hoppers must be set high enough to
accomodate the transit mix trucks used in wet batching.
Since the receiving hopper of most transit mix trucks is
several feet-higher than the top of flat bed trucks used to
haul the material in dry batching, there are considerable
fugitive emissions from the fall of material when a dry
batch is discharged. Because the plant operator must view
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the operation and because the truck must also have freedom
of movement, this is a difficult operation to hood. The
truck bed is usually divided into several compartments and :
the batch is dropped into each compartment. This necessi-
tates moving the truck after each drop in one compartment so
another compartment of the truck can be moved into place. A
canopy type hood just la?ge enough to cover one compartment
at a time provides effective dust pickup and affords ade-
quate visibility. The sides can be made of heavy rubber to
give the hood some flexibility so that it will not be dam-
aged if a truck hits it. The hood is sometimes mounted on
rails to permit it to be withdrawn and allow wet batching
into transit mix trucks. The exhaust volume varies with the
shape of the hood and is usually in the neighborhood of 2,83
to 3.30 m®> per second (6000 to 7000 cfm).

A conscientious housekeeping program which includes
such measures as prompt clean-up of spills, maintenance of
conveyor equipment to prevent leaks and proper handling and
disposal of the material collected by fabric filters, is
necessary to complete the overall effective control of
fugitive emissions at cement batching plants.
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2.11 ASPHALTIC CONCRETE PRODUCTION
2.11.1 Process Description

The production of hot-mix asphalt paving involves
proportibning of coarse and fine cold aggregates, heating
and drying of aggregates, and uniform mixing and coating
with hot asphalt to produce a specific paving mix. After
" the mixing, the hot paving mixture is discharged into trucks
which transport the mix to the paving site.

With regard to the final mixing process, plants are
either of the batch or continuous-mix type. Both types of
plants hate the same pattern of material flow up to the
point of measuring the aggregate from the hot bins into the
mixture. Asphalt plants may be stationary or portable;
portable plants are designed to be readily dismantled and
transported on trailers from one job site to another.

Different applications of asphaltic concrete redquire
different aggregate size dlstrlbutlons. The coarse aggre-—
gate usually consists of crushed stone and gravel, but waste
materials such as slag from steel mills or crushed glass can
be used as raw material also. The raw aggregates are crushed
and screened at the quarries, and then brought to the plant
site and stored in open piles. | '

The aggregate is hauled from the storage piles and
placed in the appropriate hoppers of the cold-feed unit.

The material is metered from the hoppers onto a conveyor
belt and is transported into a direct-fired, gas or oil,
rotary dryer, which operates at 135°-165°C (275°-325°F).

The hot aggregate from the dryer drops into a bucket ele-
vator and is transferred to a set of vibrating screens Whlch
classify the aggregates accordlng to size into as many as
four different grades.
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In a batch plant, the classified aggregate drops into
one of four large bins. The operator controls the aggregate
mix size distribution by opening individual bins and allow-
ing the classified aggregate to drop into a weigh hopper
‘until the desired weight is obtained. After all the mate-
rial is weighed out, the .sized aggregates are dropped into a
mixer and mixed dry for about 30 seconds. The asphalt,
which is a solid at ambient temperatures, is pumped from
heated storage tanks, weighed, and then injected into the
mixer. The hot, mixed batch is then dropped into a truck
and hauled to the job site.

In a continuous plant, the classified aggregate drops
into a set of small bins. From these hot bins, the aggre-
gate is transferred through a set of feeder conveyors and
'bucket elevator into the mixer. Asphalt is metered into the
inlet end of the mixer, and retention is controlled by an
adjustable dam at the discharge end of the mixer. The mix
flows out of the mixer into a hopper from which the trucks
are loaded. '

The produétion capacities of asphalt plants range from
45 to 320 Mg/hr (50 to 350 TPH); the average capacity being
148 Mg/hr (163 TPH). The asphalt is usually about 5 to 6
percent by weight of the total mix.

A process flow diagram for asphaltic concrete produc-
tion is shown in Figure 2-21. Each potential process fugitive
emigsion point is identified and explained in Table 2-57. A
" dust source common to all asphaltic concrete producing
facilities, but not specifically included in the Figure or
Table is plant roads. Proper evaluation of this emission
category is explained in Section 2.1.

2.11.2 IPFPE Emission Rates

Table 2-57 presents a summary of uncontrolled emission
factors for an asphalt concrete plant IPFPE sources. Since
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these are potential uncontrolled emission rates, the site-
specific level of control must be considered for application
to a particular plant. Also included are reliability fac-
tors for each estimate.

The largest potential uncontrolled fugitive emission
point is aggregate storage. For most plants fugitivé emis-
sions from aggregate elevators are negligible, with control
of these emissgions by enclosure and exhaust to control
equipment.

2.11.3 Example Plant Inventory

The example plant inventory for asphalt concrete pro-
duction shown in Table 2-57 presents potential fugitive
emission quantities from the uncontrolled sources within the
process. The inventory represents a plant which produces
286,000 Mg (315,000 tons) of asphalt concrete per year,
based on a plant with a capacity of 136 Mg (150 tons) per
hour operating 250 days per year and 8 hours per day.

Not included in the inventory are fugitive emissions
from plant haul roads. Emission factors for this source may
be found in Section 2.1. Total model plant uncontrolled
process fugitive particulate emissions are 68 Mg (75 tons).
per year. '
2.11.4 Characteristics of Fugitive Emissions

Fugitive particulate emissions from hot mix asphalt
plants consist basically of dust from aggregate storage,
handling, and transfer. Stone dust may range from 0.1 ﬁm to_
more than 300 um. On the average, 5 percent of cold aggre-
gate feed is <4 um (minus 200 mesh). Dust which may escapé
before reaching primary dust collection generally is 50-70
percent <4 uym (minus 200 mesh).3

2.11.5 Control Technology

Control technology options for the IPFPE sources, with
the exception of those for aggregate storage piles and plant -
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haul roads previously discussed in Section 2.1, are pre-~
sented in Table 2-58. This section discusses the major
fugitive emission sources and their related control tech-
nology.

Transfer of fine and coarse aggregate from storage to
the cold bins is generally accomplished with rubber-tired
front-end loaders. Control requirements for this operation
vary with the moisture content of the aggregate. If the
aggregate has been washed in processing for removal of
excess fines and silt, or if the aggregate storage stock-
piles have been wetted for dust suppression, the surface
moisture content of the aggregate is often sufficient to
prohibit dusting. Conversely, aggregate which is relatively
surface dry can make this operation rather dusty. Control
commonly consists of wet suppression (water or chemical) in
the form of a sprinkling system at the cold bin and shield-
ing the cold bin area from the prevailing wind as much as.
-possible. _

The remaining IPFPE sources, elevators for cold, dried,
and hot (for continuous mix plants) aggregate and hot screen-
ing, are often completely enclosed, with aspiration of the
tops of the elevators and hot screen to the control device
for the aggregate dryer (a fabric filter or scrubber, often
with a primary centrifugal collector). An enclosing hood-
type top deck cover for the hot aggregate screen is more
efficient than the flat top deck cover found most frequently
at these plants. Exhaust ventilation for the aggregate
elevators is generally based on 0.508 m3 per second per m2
area (100 cfm per square foot), while the screening exhaust
requirements are 0,254 m3 per second per m2 area (50 scfm
per sguare foot).5 Typical fugitive emission flow require-
ments for a 136 Mg (150 tons) per hour plant are about 1.42
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Table 2-58.

CONTROL TECHNIQUES FOR
ASPHALTIC CONCRETE MANUFACTURING IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS

Preventative procedures Capture Re@oval
and operating changes me thods equipment
'
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6. Hot aggregate elevator (continuous mix plant) X 1] oo o

x Typical control technique.
o In use (but not typical) contrel technique.

+ Technically feasible control technique.

% primary control often in series with fabric filter.
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m3 per second (3,000 scfm). Typidal.volume-rates for venti-
lation of these secondary sources are 1.4—1.8'm3/sec (3000-
4000 acfm).6

A conscientious maintenance and housekeeping program to
reduce the exposure time for spills and minimize leaks in
conveyor and screening exhaust systems is an important
additional control measure.
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2,12 LUMBER AND FURNITURE INDUSTRY
2.12.]1 Process Description

The raw materials for a furniture plant may be either
logs or cut lumber, depending on the volume and type of
final product. _

- At the sawmill, the cut logs are either stored in a iog
pond or stacked on the ground. If logs are too long to
easily handle, they are cut to smaller lengths. This pro-
cess is called bucking. The next process is debarking.
There are five types of machines used for this: drum barkers,
.ring barkers, bag barkers, hydraulic barkers, and cutterhead
barkers. The ring and cutterhead barkers are dry processes;
the other three use water. After debarking the logs are cut
to required 1engths and then cut lengthwise into standard
sizes. After cutting, the lumber is dried either by air or
in a kiln., After drying, the lumber is transferred to the
furniture plant. _ '

At plants receiving cut lumber, the lumber may be stacked
and air dryed or loaded onto carts and fed into a kiln. The
natural moisture is about 60-~70 percent and kiln drYihg '
reduces it to 5-8 percent. This is necessary in order to
prevent warping or shrinking of furniture.

The manufacture of furniture can be divided into five
main areas: rough milling, finish milling, planing, sanding,
assembly, and finishing.

The purpose of rough milling is to cut the lumber to
the approximate length and width and to remove the natural
defects in the wood. Operations involved may include
sawing, planing and molding. Finish molding may include
sawing, shaping, lathe work, mortising, and routing. Sand-
ing is usually done by a machine rather than by hand.
Assembly involves gluing and stapling the pieces together.
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At this point, all of the assembled pieces are put together
and minor sanding (by hand) may be necessary. Finishing
operations usually involve a series of surface coatings and
drying. After the finished pieces are completed and in=-
spected, they are packaged and shipped to the customer.

A process flow diagram for lumber and furniture produc-
tion is shown in Figure 2-22., Each potential process fugi-
tive emission source is identified and explained in Table 2-
59. A dust source which may be found at lumber and furni-
ture plants, but not specifically included in the Figure or
Table is plant roads. Proper evaluation of this emission
category is explained in Section 2.1.

2.12.2 IPFPE Emigsion Rates
Table 2-59 presents a summary of uncontrolled emission

factors for sawmill and furniture manufacturing IPFPE
sources. Since these are potential uncontrolled emission
rates, the site-specific level of control must be considered
for application to a specific sawmill or furniture manufac-
turing plant.

The fugitive emission factors are based solely on best
engineering judgement and material balance information
obtained during plant visits. Thus, listed emission factors
are at best order of magnitude estimates.

Sources of fugitive emissions at the sawmill are gener-
ally debarking, sawing, and sawdust handling operations.

Log handling and bucking are negligible sources of fugitive
emissions.

Most processes such as planing, sanding, and sawing
within furniture manufacturing plants are normally con-
trolled by hoods and various other vacuum pick-up devices
which are ducted to cyclones and/or fabric filters. Emis-
sions which escape these hoods and pick-up devices are

minimal. Insignificant amounts are emitted through the
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furniture plant windows and ventilation system. As a re-
sult, fugitive emissions from individual processes are
essentially negligible. Management's willingness to provide
and maintain good working conditions and Occupational Safety
and Health Administration (OSHA) regulations are most likely
the two basic reasons for such good control of emissions.
2,12.3 Example Plant Inventory

The example plant inventory for the lumber and furni-
ture industry is presented in Table 2-59. The Table pre-
sents potential fugitive emission quantities from both the
lumbering and furniture manufacturing processes. The plant
inventory is not meant to present a typical plant situation,
but merely a potential set of circumstances.

The emission inventory is based on a log yard which
receives 740,000 Mg or 350,000 m3 (820,000 tons or 150,000,000
bd. ft.) per year and a furniture manufacturer which requires
4100 Mg or 7100 m> (4,500 tons or 3,000,000 bd. ft.) of
lumber per year. Total fugitive emissions from the sawmill
and furniture plant were 176 Mg (191 tons) and 2 Mg (3 tons)
respectively.

Not included in the inventory are fugitive particulate
emissions from plant haul roads. These sources may be
calculated using procedures outlined in Section 2.1.

Major sources of emissions from the lumber and furni-
ture industry appear to be sawing, wood waste storage, and
wood waste loadout.

2.12.4 Characterization of Fugitive Emissions

Fugitive particulate emissions from sawmills consists
primarily of broken bark particulates and sawdust from
sawing. Dirt and dust that are embedded in the bark also
become airborne when the bark is broken and also during
unloading, dragging, debarking, and storage operations.

Very limited data are available concerning the characteriza-
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tion of fugitive emissions generated during these opera-

tions.
Approximately 91 percent of particulates from sawing
operations at lumber yards are greater than 991 um.l Few

of these sawdust particles may be expected to be less than
30 um. Therefore, is is doubtful that much of the particu-
lates remain airborne.

Data collected in a western red cedar furniture factory
equipped with exhaust ventilation on most wood working
equipment showed most suspended particulates in the working
environment to be less than 2 nm in diameter.2

2.12.5 Control Technology

Control technology options for lumber and furniture
production IPFPE sources (except plant roads covered in
Section 2.1) are presented in Table 2-60. Specific dust
control systems for the various handling operations are
discussed in the following paragraphs.

Since drum debarkers, bag barkers, and hydraulic
barkers are all wet process, they are in themselves a good
method for reducing fugitive emissions during the debarking
process. If logs can be kept in wet storage prior to de-
barking, fugitive emissions will be miminal during this
process. If wet storage is not possible, enclosure of the
debarking operation or fixed hoods with ventilation to
baghouses or cyclones is an alternative.

Fugitive emissions from sawing can be controlled in
several ways. Thinner saw blades will reduce the amount of
fugitive emissions generated. This also has an economical
benefit since it results in a more efficient use of lumber.>
Fixed hoods or building evacuation to fabric filters will

also help control fugitive emissions.
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Fugitive emissions from sawdust storage piles can be
controlled by wet suppression. However, when it is possi-
ble, trucking the waste away as soon as possible can sub-
Stantially-reduce the fugitive emissions generated at these
storage piles. Additional fugitive control can be attained
by directly blowing sawdust into a boiler or to a particle
board facility.

For reasons stated earlier in this chapter, sawing,
planing, and sanding operations are normally controlled in
furniture manufacturing plants. Thus, the need for fugitive
control technology at these operations is unnecessary.

The wood waste storage bin vent is usually partially
controlled by a screen. If this screen is replaced by a
fabric filtér sock, the amount of fugitive emissions re-
leased can be significantly reduced. The use of telescopic
tubes during loadout from the storage bin to trucks will
reduce freefall distance and thus the amount of fugitive
emissions genefated. This coupled with a canvas covered
truck and use of side curtains will give additional control
efficie_nc,y.4 Other means of control would be enclosure of
the loadout area with the possibility of also venting to a
baghouse or cyclone. | '
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3.0 CONTROL TECHNOLOGY FOR SOURCES OF IPFPE

3.1 CONSIDERATIONS FOR SELECTION OF CONTROL TECHNIQUES
Selection of the control technologies for process
fugitive emission sources involves the consideration of a
variety of factors, including those involving the industrial
processing facility, the IPFPE exhaust stream characteris-
tics, and secondary multi-media impacts. Assessment of
these factors on a site-specific basis is required to deter-
mine control effectiveness, resulting multi-media impact,
and cost, and to select the optimum control technique. Most
often the need for maximum emission control dictates the
need for the best available control technology; however,
there are specific situations where consideration can be
given to reasonably available control technology based on a
cost/benefit analysis.
3.1.1 PFacility Factors

The ease of control at a facility varies with its age
and basic design. An IPFPE control system for a new plant
can be integrally incorporated into the overall design of
the plant, whereas a retrofit application requires that the
system be adapted to the configurations of the existing
plant. The retrofit system must thus be built within fixed
space limitations and in a manner that does not interfere
with operation of the process. In general, the more con-
gested the plant layout is, the harder it is to retrofit
most IPFPE control systems.




Higher capital costs and longer installation schedules
are often required for application of IPFPE systems to
existing plants. For example, improvement in the capture
efficiency of an electric arc furnace hooding system to
reduce the fugitive emissions during charging might require
extensive design modifications imposed by the physical
constraints of an existing overhead charging crane. The
custom hooding and ducting system required for such a
design would cause increased capital equipment costs and
construction labor costs (caused by longer construction
periods), as compared with a new facility in which the
hooding system could be designed as an integral part of the
furnace-charging crane design. Assuming equivalent control
efficiencies, retrofit systems could require from one to
three times the installation time and capital cost of a new
system depending on specific site conditions.

Another consideration regarding the age of a facility
is its remaining life and for many facilities, production
capacity factor. The capacity factor represents the ratio
of actual annual production to potential annual'production,
and for most industries, this factor decreases with time
(due to equipment wear and the construction of newer more
efficient facilities). Remaining plant life and capacity
factor are important primarily when cost/benefit considera-
tions are being made. For example, careful analysis must
precede installing extensive fugitive emission control
equipment on an old cement facility which is scheduled for
shut—dpwn in a few years and is currently operating beldw
capacity. |

‘The location of the facility and the IPFPE source
within the facility can be a further factor in determining

the control techniques to be employed and the priority for




installing control equipment. For example, control measures
necessary for a storage pile of fine material near a public
road may be different if the same storage pile were well
within the plant boundaries. Determination of the IPFPE's
impact on ambient air quality is discussed in Section 4.
3.1.2 IPFPE Exhaust Stream Characteristics

The major exhaust stream characteristics which collec-

tively help to determine the control technology to be
employed include:

-]

particle size distribution
° temperature of the exhaust stream

° moisture content of exhaust stream and presence
of corrosive gases

° physical and chemical characteristics of the
particulate and its associated toxicity

The particle size distribution for many IPFPE's is
predominantly below 5 um, which in the case of add-on
control system often dictates the need for a fabric filter.
Exceptions are, of course, those sources having emissions
with a relatively large mean particle diameter, such as
primary aggregate crushing operation emissions which can be
sometimes sufficiently controlled by high efficiency multi-
clones.

~ Most process fugitive emission exhaust streams are at

either in-plant or ambient temperatures. Even the roof
monitor exhausts above a metal melting operation are gener-
ally below 65°C (150°F) after dilution with surrounding in-
plant air. Consequently, provisions for excess temperatures,
such as heat resistant fabric filter material, are generally
not required. Similarly, most IPFPE exhaust streams have
approximately the same moisture content as the ambient or

in-plant air; consequently, little is generally needed in
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the way of insulation or reheat for condensation protection.
Exceptions such as exhaust streams containing organic mists
or tar droplets may preclude the use of fabric filters |
because of the probability of blinding; a low-energy wet
collector or a movable fiber mat could be likely alterna-
tives. _

The physical and chemical characteristics and asso- .
- ciated toxicity of the fugitive particulate emission com-
positely help to determine the type of control system. The
most critical physical characteristics of the particulate
matter as they relate to the type and material of construc-
tion of the control device are abrasiveness, hardness,
hygroscopy, and density, while the most critical chemical
characterlstlc is corrosiveness. For example, a fabric
filter would.be limited in controlling a hygroscopic mate-
rial due to the tendency for blinding, while a corrosive
emission would perhaps dictate the need for stalnless Steel
or synthetic materials of construction. The particulate
emission’'s toxicity greatly influences the determination of
the eff1c1ency of the capture and control system required to.
vield an ambient air impact, including background, which isg
belpw the‘prescrlbedltox1c1ty limits for that material. For
instance,.a fabric filter or a very high efficiency scrubber
would take preference over a high efficiency multiclone in
control of fugitive emissions for an asbestos mill, a lead
mill, a lead smelter, and other sources of toxic or carcino-
genic emissions. Capture efficiency of the particulate
pick-up system is frequently determined by occupational
hygiehe considerations.
3.1.3 Multi-Media Impacts

The secondary multi-media environmental effects whlch

the control of fugitive emissions can create via solid waste
disposal, water pollution, generation of additional fugitive
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emissions, and noise are important considerations for
selecting IPFPE control systems. In some cases, the secon-
dary impact can be greater than the fugitive emission impact
which is being controlled. For instance, the original prob-
lem may be exceeded by poor procedures for disposal of the
fugitive emissions that were collected in a fabric filter
(when return to the processing system is not feasible) by
dumping the collected materials into an open truck, hauling
them in an open truck to a landfill, and dumping them into a
landfill which does not have adequate protection from
erosion by wind and from surface runoff.

As for stack emissions, wet collectors for IPFPE
sources are not utilized as often as dry collectors because
they reduce the possibility of returning the collected wet
particulate to the controlled operation and because they
create a potential secondary water pollution problem.
Depending upon the characteristics of the emissions being
controlled, wastewaters from wet collection devices may have
a high metal content, undesirable pH, or other undesirable
chemical characteristics, even after primary settling.
Control of pH, coagulation and precipitation and other
secondary or tertiary treatment may ultimately be required
to meet discharge limitations.

Another example of secondary multi-media effects is the
application of excessive amounts of waste crank-case oil
(which commonly contain lead additives from the gasoline) on
unpaved roads for fugitive dust suppression. While this
reduces fugitive dust emissions, it can result in undesir-
able water pollution resulting from surface runoff. Some
oil-containing dust particles are also carried by wind and

vehicular traffic to roadside areas.]"2
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3.2 IPFPE CONTRQL OPTIONS

Control technology for IPFPE sources includes a variety
of options which can be categorized within the major areas
of: preventative procedures, operation and maintenance
practices; and add-on removal eqguipment. .The.following
sections discuss these options and indicate their areas of
application. '

3.2.1 Preventative Procedures

Preventative procedures essentially prevent the fugi-
tive emissions from becoming initially airborne. Included
are wet suppression by water and/or chemicals and confine-
ment by covering and enclosure.
3.2.1.1 Wet Suppression - Wet suppression methods can be

effectively employed for control of emissions from paved and
unpaved roads, material storage, tailings, material transfer
points, and crushing_and screening operations. Watering
provides a low first cost, but often relatively temporary,
control measure by imparting a direct cohesive force of a
£ilm of moisture in holding surface particles together. 1In
addition, for unpaved roads, storage piles, and tailings,
watering is effective in forming a thin surface crust that
is more compact and mechanically stable than the material
below and which is less subject to dusting even after drying.
Haul roads at mines and roads at industrial processing
facilities are routinely watered for dust suppression during
all periods when water on the road surface does not create a
safety hazard (generally when temperatures are above freez-
ing). The water is usually applied by trucks equipped with
a pump and directional nozzles which spray the road surface
and adjacent shoulders and berms. Fixed pipeline spray
systems have also been used on main haul roads that are
relatively permanent at mines and large industrial facilities.




Application of oil to the roads is also a common prac-
tice; however, the water pollution potential of applying
excessive amounts of oil should be‘c0nsideréd,,as described
in Section 3.1.3. - _

If the use of water can be tolerated, it can be sprayed
at crusher and shaker screen locations to keep the material
moist at all stages of processing. The addition of water
may, however, cause blinding of the finer size screens,
thereby reducing their efficiency. There also may be
instances when the use of water cannot be tolerated, such as
when specifications for highway aggregates allow only a )
certain moisture content. |

The effect of watering on dust emissions from active
material storage piles is quite temporary, due to continuous
turnover of material which exposes'new surfaces to wind
erosion. In addition, watering sometimes reduces ability to
handle the material easily. Excessive watering can increase
energy requirements for processes which involve dfying'the
aggregate, such as asphalt concrete production.

Various chemicals may be added to the water or applied
separately in the form of spray or foam to improve binding
of the desired material. These chemicals utilize different
properties for suppression and are generally categorized by
their composition -- bituminous, polymer, resin, enzymatic,
emulsion, surface-active agent, ligninsulfonate, latex, etc.
It is estimated that over 100 chemical products are pre-

- sently marketed or are'under development specifically as
dust control agents.l Many of these are by—products or
wastes from the production of other materials. A partial
list of these chemicals has beeh.compiled and is presented
in Appendix B.* -

* Mention of company or product names is not to be considered
as an endorsement by the U.S. Environmental Protection
Agency.




With the\ﬁide range of characteristics available in
commercial products, a chemical stabilizer can be selected
with maximum efficiency for each fugitive dust or IPFPE
control application. Some of the materials "heal" if the
treated surface is disturbed, but many do not reform. The
life of the treated surface2 under natural weathering also
varies widely with different chemicals. Selection of the

appropriate material may require that several other criteria

be checked for compatibility including effect on vegetative
germination and growth (in the case of tailings areas),
application method, and possible contamination of material
being protected.

3.2.1.2 - Confinement -~ Confinement by covering or enclosure

basically involves the partial or complete seclusion and/or
shielding of the fugitive dust or IPFPE source. The design
strategy is to effectively prevent the fugitive particulate
métter from becoming air-borne from disturbance by the wind
or disturbance by the mechanics of the operation involved.
These control measures range from small enclosures over
conveyor transfer points for protection from the wind and
turbulence from the moving belt, to building structures for
complete confinement of material storage areas. Other
examples include: conveyor system enclosures; weighted-
tarpaulin covers for inactive material storage piles;
partial windbreaks located in the prevailing upwind direc-
tion from limestone quarry surge pile areas; and partial
open ended shelters with shrouds for railroad car loading
and unloading.

Control by utilizing proper operation and maintenance
practices primarily involves the elimination of fugitive
emissions from process upsets, leaks, and poor "house-

keeping". In addition, prompt clean-up of spills on to the
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~ground or floor by vacuum systéms will prevent them frbm _
becoming airborne. A full-time clean-up crew may be required
in some industries. Also included is the optimization of |
the capture efficiency of the hooding systems of primary
control devices for point sources. Examples include:

e precautions to ensure that a cupola is not over-
loaded, eliminating the possibility of backpres-
sure from the primary control system and "puffing"
fugitive emissions from the charging door opening

° maintenance of coke oven doors and seals to elimi-
nate leaks during coking

° prompt repair of electric arc furnace hooding
after damage by overhead charging crane

° conscientious system for periodic application of
chemical suppressant to 1nact1ve storage piles and
tailings areas

° increase of the vent rate of the canopy hood
system for an electric arc furnace in a gray iron
foundry

° prompt clean-up of spills from trippers 6f a
clinker conveying system in a Portland cement:
plant.

3.2.3 Add-on Removal Equlpment

Employment of add-on removal equipment involves initial
containment and capture of fugitive process emissions, with
subsequent removal by conventional particulate control
devices (including centrifugal collectors, fabric filters,
wet collectors, and electrostatic precipitators). Section
3.3 discusses the capture of IPFPE's prior to control.

IPFPE sources which are amenable to control by add-on
removal equipment are those which can be contained suffi-
ciently to allow efficient capture of the particulate emis-
sions generated. Candidate sources range from conveyor
transfer points to roof monitors over foundry metal melting
areas., Conversely, fugitive dust sources preclude add-on
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control because their'widespread emission source area does
not generally permit sufficient containment.

Fabric filters predominate as IPFPE add-on removal
equipment because of their high collection efficiencies and
their ability to return the collected material essentially
unaltered to most process streams, which can in many cases
be a considerable economic asset. Control efficiencies for
fabric filters in excess of 99.9 percent are common for most
IPFPE sources. Typical operating parameter ranges and
installation schedules for fabric filters are presented with
cost information in Section 3.4.

Centrifugal collectors find limited application because
of their relatively poor collection efficiencies for small
particles. They can sometimes be employed where relatively

large particles predominate (e.g. primary crushing operations),

or as primary large particle collection systems in series
with fabric filters.

Wet collectors are less widely used as IPFPE sources
because of the relatively high energy required to effec-
tively collect the dilute, small particle exhaust streams
characteristic of most sources and the wet contamination of
the collected material, which may eliminate recycling to
the process stream. They can be used for IPFPE éxhaust
streams which are high in moisture content (danger of blind-
ing a fabric filter system), or where recycling the captured
material in a dry condition is not required. Typical
operating parameter ranges and installation schedules for
wet collectors are discussed in Section 3.4.

The low conductivity of the particulate matter in many
IPFPE's affectively excludes dry ESP's for control of those
IPFPE sources. Exceptions include use of existing primary
point source ESP's for IPFPE sources with sufficiently



conductive particulate matter. An ESP for particulate
removal at a BOF process, provided sufficient reserve plate
capacity is available, could be utilized to control emissions
from the tapping operation. Wet ESP's and charged droplet
ESP's can also be effective in controlling fugitive emissions.
_ Employment of existing primary point source control
equipment to simultaneously control IPFPE sources is a
viable economic alternative, provided sufficient reserve
capacity is available to efficiently control both exhaust
streams. |
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3.3 CAPTURE OF THE IPFPE'S PRIOR TO CONTROL

The capture of fugitive emissions from sources both
inside and outside buildings can usually be accomplished by -
applying industrial ventilation design practices.

When considering solutions to fugitive dust problems,
several factors must be considered. Among the considera-
tions are building codes, Occupational Safety and Health
Administration (OSHA) requirements,” and National Fire
Protection Association (NFPA) regulations. Many standards
of design have been developed as a guide in applying systems
for capturing fugitive emissions. The best and most widely
used of these standards is "Industrial Ventilation, A Manual
of Recommended Practice," published by the American Conference
of Governmental Hygienists.1 "Recommended Industrial Venti-
lation Guidelines," compiled by the National Institute of
Occupational Safety and Health (NIOSH) 2 also has many
specific guidelines for capture of fugitive dust,. and the
American Society of Heating, Refrigeration, and Air Condi-
tioning Engineers have devoted several chapters of their
"Guide to Data" related to this subject.3 For unusual dust
sources, however, the ingenuity of the designer'must be
utilized to'develop a suitable and effiéient capture system,
3.3.1 General Design Parameters '

Systems of capture near the process (local hoods) are
generally desirable from a cosf and occupational exposure
standpoint. However general ventilation of an entire
building is receiving increased atténtion as a method of
fugitive emission control because of the difficulty of
capturing all of the emissions with local hoods while also
allowing sufficient operating space. However total building

ventilation may be undesirable since the entire building

¥ Federal Register, Vol. 37, No. 202. October 18, 1972.
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ventilation requires large air flow rates. When applying
capture systems one of the most important considerations is
the amount of air required for effective capture of the
dust. The volume of air used relates to the capture system's
open face area, and the larger the volume the higher the
cost. Replacement air for building evacuation systems must
be heated during cold winter months, and this also affects
costs. Usually the determining factor for air quantity is
the velocity required to capture a particular contaminant
under a given condition. Some general design methods for
determining air volumes and velocities required to capture
fine particulates are given in Figure 3-1. As seen in this
figure, the total air flow required is a function of the
hood opening. This opening, in turn, is determined by the
size of the process being vented.

Capture devices or hoods must have adequate flow rates
and face velocities to capture the particulates as well as
impose a minimum pressure drop on the system. One source
states that a hood capture system ventilation rate of 0.6
Nm3/sec (1200 scfm) is required in an alloy electric melt
shop per ton of furnace capacity, including oxygen lancing.4
Proper design of capture devices is well described in
"Industrial Ventilation."l "Industrial Ventilation" states
that, "many designers develop their hoods by mentally
enclosing the operation completely, from there providing
access and working openings as indicated." Local hoods that
do not enclose or confine the contaminent are recommended
only as a last resort because exhaust volumes are large and
céntrol can be so easily upset by cross-drafts in the area.
Each application of a capture device must be designed and
shaped to accommodate the process involved. Figures 3-2
and 3-3, also from "Industrial Ventilation," show some

3
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W PLAIN >0.2 Q= V(10K2 + A)
OPENING ROUND OPENING
A = WL (SQ. FT.)
’ .
> 0.2 '
—- = 0.75V(10X2 +
X tncen| RoUND oPENING | ( A)
OPENING -
BOOTH
L | [ VARIOUS Q = VA=VKH
W
CANOPY
Q=1.4 POV
VARIOUS P=PERIMETER OF WORK

D=HEIGHT ABOVE WORK|

Figure 3-1.

General air flow design parameters

for commonly used hoods.l'G'7

Reprint'by permission of "Industrial Ventilation,
A Manual of Recommended Practice."l
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throw it infa the hood cpening.
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valoclly for cfm/sg. P fonk valoeily
N
Ploting Plating
ok rank
Good bosis Poor basis

CAPTURE VELOCITY OR PROPER VOLUME

mmﬁmlm fobles). M‘% '. AMERICAN CONFERENCE OF -
arbifrory sfandords include is; others db GOVERNMENTAL INDUSTRIAL HYGIENISTS
mtfmar % ore uwsually on: .
'am coplure ot souree. _ : Lo
cfm per 3g. 11 of source basis. PRINCIPLES OF EXHAUST RODDS
[ OATE  /-64 | Frg. 4l

Figure 3-2, Grinding operation hood system.

Reprinted by permission of "Industrial Ventilation,
A Manual of Recommended Practice."




A

—= | Enclosing hood |
Belt {o

Hopper.

" Good
ENCLOSE

Enclose the aperation as much as possible. The more complefely enclosed the
. source, Me less oir required for conirol.

s i

Pléling tank Flating fonk
Good Bad
DIRECTION OF AIR FLOW

Locafe the hood so the contaminont is removed oway from the breathing
2one of the worker. -

AMERICAN CONFERENCE OF
GOVERNMENTAL INDUSTRIAL HYGIENISTS

PRINCIPLES OF EXHAUST HOODS

DATE /-64 | F 9. 4-10

Figure 3-3. Example conveyor belt dump hood.

Reprinted by permission of "Industrial Ventllatlon,
A Manual of Recommended Practice."




examples of proper and improper application of hoods.
Figure 3-4 presents additional design considerations for
various hood configurations.

Duct systems must compliment the hoods in efficiency of
operation. Fittings and other components of the system
should be adequate to prevent excessive pressure drop.
Pressure drop balance and distribution contribute not only
to system operation, but also to installation and operating
costs. Duct systems must also maintain a velocity high
enough to transport or convey the contaminant being col-
lected. Table 3-1, from the "ASHRAE Handbook and Product
Directory - 1976 Systems,"3 shows transport velocities and
vent flows required for certain processes. Figure 3-5
illustrates good practice for typical duct connections which
minimize pressure drop. Elimination of sharp bends or
sudden changes in cross-section are also desirable. Figure
3-6 illustrates an overall dust control system in which a
screen and conveyor transfer point are vented to a collector.

When the duct system is sized and selected, its pres-—
sure drop can be calculated by a number of methods. Two of
these methods are "Equivalent Feet of Duct" method and
"Velocity Pressure Loss" method.3 These calculations can be
made manually, or via available computer programs. B
3.3.2 physical Constraints Effecting Capture System

While basic hood and ducting design are well under-
stood, many site specific factors present practical problems
to their design, installation and use. These problems
center around the need for access to an operation for pro-
duction and maintenance purposes. Thus a total enclosure
type hood might be very desirable, but perhaps impractiéal
from a operational viewpoint since personnel or material
access is required.
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) = D:&

FREELY SUSPENDED HOOD LARGE HOOD
- 2 Large hood, X smoll-- measure X
g’}’(’I%X s;.;,g 4 parpendiculor fo hood foce, not less

than 2X from hood edge.

Source Source \-
-\u—x 8—- @ X -0

Aﬂdnof sxcond 6"
HOOD ON BENCH OR FLOOR HOOD WITH WIDE FLANGE
Q=075(10X% A)v O=0.75(10x%+ AJy

SUSPENDED HOODS
(Small side-draft hoods)
@ = Required exhoust volume, ¢fm
X'= Distance from hood face 1o farthes! poin! of confaminant release, feel
A= Hood foce area, sq It
V= Capture velocily, fom, af distance X,
Note: Air volume must increase as the square of distonce of the source from the hood
Baffiing by flanging or by placing on bench, floor, ect. has a baneficial effect.

45°minimum
g
—-l poe 0,48 0 o
T
CANOPY HOOD

Q= (4 POV (P=perimeter of tonk, feet}
Not recommeded if materiol is toxic and workers must bend over. source. V ranges
from 50 fo 500 fpm depending on crossdrafls. Side curloins on two or three sides lo

creote o semi- booth or booth ore desirable. Suitoble for steom vapor or other innocuous
moteriol.

AMERICAN CONFERENCE OF
GOVERNMENTAL INDUSTRIAL HYGIENISTS

HOOD DESIGN DATA

DATE ™ /-66 | _Fig 414

Figure 3-4. Hood design considerations.

Reprinted by permission of "Industrial Ventilation,
A Manual of Recommended Practice,"l
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Good ‘ Poor

BRANCH ENTRY
Branches should enter of grodual expansions and of an angle of 30° or less (praferred )

S O~
I ) %73

Fair Bod
BRANCH ENTRY

-t Ry fe—
o

sronches id not enter directly site AMERICAN' CONFERENCE OF
- @geh omer. GOVERNMENTAL INDUSTRIAL HYGIENISTS

PRINCIPLES OF DUCT DESIGN

oATE 7-68 [ Fig 6-20

Figure 3-5. ‘Typical duct configuration.

Reprinted by permission of "Industrial Ventilation
A Manual of Recommended Practice."l




(5)
(6) >
(2)
_SCREEN_
\\(7)
CONV TRANSFER (aﬁj(sa) ‘
‘ (1o (n)
L 4
COLLECTO _ ‘FAN
(2) Air Volume Determinations:
Hood Source Calculations VP

(A) Skirt Board 2.5' BW x 500 CFM/Ft,.=1250CFM  1.25
(B)_ Head Box 2.5' BW x 500 CFM/Ft.=1250CFM 1.25
X
X

(C) Head Dox 2.0' BW 500 CFM/thfIOOOCFM 1.25
(D) Screen 4'x12" 50 CFM/Ft.=2400CFM 1.50
5900CFM
(3) Duct Sizing
Duct Vel.
‘Run CFM Dia. Area _ FPM VP
1 1250 8 0.3491 3581 0.80
2 1250 8 0.3491 3581 0.80
3 2500 11 0.6600 3788 0.89
4 1000 7 0.2673 - 3741 0.87
5 2400 11 0.6600 3636 0.82
6 3400 13 0.9218 3688 0.85
7 5900 17 1.576 - 3744 0.87
8 2640 11 0.6600 4000 1.00
9 3260 13 0.9218 3537 0.78
10 5900 18 1.767 3339 0.70
11 5900 17 - 1.576 3744 0.87

Figure 3-6. Example hood and duct system.
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Maintenance of the processing equipment and of the hood
itself also effects hood design. Hoods are sometimes
dismantled to allow maintenance on the process and then not
reassembled. Hoods are also subject to damage from cranes,
loaders, and vehicles. Since they are not absolutely re-
quired for process operations, they may not be promptly re-
paired.

High temperature processes such as those found in the
metallurgical industry also present hooding design problems.
A tightly fitted hood must be able to withstand temperatures
as high as 1370°C (2500°F). This involves cooling of the
hood or use of a less tightly fitted hood which allows
ambient air to enter the vent system. High temperatures can
also cause distortion and leakage of improperly designed
systems.

3.3.3 Capture System Costs

Good design of the capture devices can minimize air
volumes, reduce system size and minimize the installed and
operating costs. Hood and duct costs are composed of
material costs ($ per unit weight of material), fabrication
costs, and installation costs. These all vary directly with
size and hood configuration. |

Installation costs vary with materials of construction,
and system size. Some contaminants are corrosive to certain
types of materials, such as galvanized steel, and the system
may require stainless steel or more commonly an epoxy
coating or plastic for resistance to corrosion. Preliminary
design data must be developed before costs can be deter-
mined, since both installed and operating costs vary greatly
with system size and configuration.

Hood costs can be estimated by using Figures 3-7
through 3--10.5 Figures 3-7 and 3-8 provide data on the
plate area of a hood and the fabrication cost. Material
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SLOPE OF HOOD = 35°
L = LENGTH
W = WIDTH
CURVES INCLUDE 10% SCRAP
SKIRT NOT INCLUDED
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Rectangular capture hoods plate area

requirements vs. hood length and L/W.
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Figure 3-8. Circular hoods plate requirements.
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costs may be estimated by multiplying the plate area by the
thickness, the density and the cost of the material, An
allowance of at least 20 percent of the calculated material
should be allowed for waste in fabrication. Estimates of
the labor required to fabricate hoods are presented in
Figures 3-9 and 3-10 for rectangular and circular hoods,
respectively. Delivery and erection at the site are not
included.

Duct work associated with a hood system will cost
between $1060 and $4200 per m3/sec ($0.50 and $2.00 per
acfm) installed, depending on type of material.

A fan, motor, and motor starter are also required in
any capture system. Costs for fans vary not only with size
but with pressure drop and design. For example, a fan
constructed of carbon steel, sized for 26 m3/sec (55,000 cfm)
and a pressure drop of 500 Pa (2 inches of water) would be
of light construction, require a 20 kW (30 hp) motor, and
cost approximately $320 per m3/sec ($0.15 per cfm). The
same fan with a pressure of 3000 Pa (12 inches of water),
heavy construction, and a 110 kW (150 hp) motor would cost
approximately $635 per m3/sec ($0.30 per ¢fm). The installed
cost would amount to about one to two times the purchase cost.
3.3.4 Vent System Energy Requirements

The energy reguired to move a given amount of dust
laden air away from a process is directly related to the
quantity of that air and the resistance to flow that must be
overcome. This relationship is expressed in the equation:

kw = 0.000997 OQAp - metric
62.3 QAp

(Air hp = 15 x 33,000 English)
where Ap = pressure drop across fan in pascals, Pa (inches
of water).
Q = actual air volume, m3/sec (acfm)
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Labor cost for fabricated 10 ga. carbon steel

Figure 3-9.

rectangular capture hoods.?3

3-32




DATA VALID FOR DECEMBER, 1976
I | | I I

100,000

50,000|_

10,000}

5,000

© = HOOD CCNE ANGLE
1,000

CARBON STEEL CIRCULAR CAPTURE HOOD LABOR COST, $

500

100 1 | | | | 1
¢ 0 2 30 4 5 60 70

D, HOOD DIAMETER, FT.
1

1 1
0 5 10 15 20

D. HOOD DIAMETER. METERS

Figure 3~10. Labor cost for fabricated 10 ga. carbon steel
circular capture hoods.




The actual energy required must take into account the
fan efficiency (generally 60 to 80 percent) and the motor
efficiency (85 to 90 percent). Energy requirements to
convey air through the hood and duct are usually relatively
minor compared to the energy required to force the air
through an emission control device. For example, the total
pressure drop through a hood and vent system including entry
and exit losses, wall friction, bends, etc. is generally on
the order of 250 to 750 Pa (1 to 3 inches of water). The
pressure drop through a fabric fllter system is on the order
of 1200 to 2000 Pa (5 to 8 inches of water). =
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3.4 REMOVAL EQUIPMENT COSTS AND INSTALLATION SCHEDULES

In this section, generalized ingtalled and operatihg
costs, and installation schedules are presented for fugitive‘
particulate emission‘removal equipment. Costs are présented
for continuous pulse-jet or mechanical shaker-type fabric
filters. These unlts generally operate at alr-to-cloth
ratios of 4 and 1 m /sec per m2 (8 and 2 acfm/ft ) of
cloth, respectlvely. Wet collectors are employed rather
infreqﬁently to control fugitive emissions and are usually
the low-energy type, operating at pressure drops of 1500 to
2500 Pa (6 to 10 inches of water),. .

Installed costs given in this section include estimates
of the cost of purchasing and installing the following"
items:

control device

ductwork

fan/motor/drive

instrumentation

electrical equipment

piping (for wet collectors)

foundations

structural modifications

sitework
Labor and other material costs are estimated by using cost
factors applied to 1976 base costs for the control devices
and fan systems.l'2 -In addition to these installed costs,
indirect costs for engineering studies, contractor fees,
shakedown, spares, freight, taxes, and contingencies were
added to provide a total cost.

Operating costs consist of the direct costs of utili-
ties, maintenance, and operating labor. Energy requirements
are based upon the required fan horsepower and the hours of
operation. Fan horsepower is determined by the volumetric
flow rate, fan efficiency, and the system pressure drop (see

Section 3.3.4). Other energy requirements such as pumps,
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conveyors, shakers, air compressors, etc. are not included
here since they are often minor. Fixed costs such as plant
overhead, payroll, insurance, capital recovery, and depre-
ciation are not included since they vary widely from company
to company. These costs could, however, easily add about 20
percent of the total installed cost to the operating cost.

In preparing these generalized costs, the basic cost of
equipment (control device and fan system) was multiplied by
a.  factor to estimate the total installed cost. These
factors ranged from 1.8 to 2.9 for a fabric filter and 2.3
to 3.2 for a wet collector.l Control equipment, fan and
motor costs comprised 30 to 55 percent of the total installed
cost. Installation and auxiliary equipment such as ducts,
structures, instruments, etc. represent 20 to 40 percent of
the total installed cost. Indirect charges amount to about
20 to 30 percent of the total installed costs depending on
the size of the installation.

Sinqe specific plant sites are not addressed, only very
general cost values are provided as an approximation of
actual costs. Many site-specific variables such as lack of
space, insufficient structures, lack of required utilities,
etc. affect these costs and the values presented here are
only rough approximations and should not be used for budget
purposes. In addition, hood costs, stacks, or the use of
corrosion resistant materials have not been taken into
account.

3.4.1 Fabric Filters
Installed costs for two types fabric filter systems are

given in Figure 3-11, These costs are determined from base
purchase price of the pulse jet and shaker type units, cost
of the filter media, $3.75/m° ($0.35/ft2 area), and fan/
motor/drive system.l A nominal system operating pressure
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drop of 1200 Pa (5 inches of water) was assumed. The total
equipment cost is multiplied by cost factor ranging from 1.8
to 2.9 to obtain total installed cost shown in Figure 3-1l1l.

The annual operating costs presented in Figure 3-12,
for the fabric filter systems are based upon a power cost of
$0.0069/106 joule ($0.025/kwh), an average bag life of 1.5
years, and an annual maintenance expense of 2 percent of the
equipment purchase cost.1 The annual costs are highly
dependent upon the number of hours the system will operate
in a year. Therefore, the annual operating cdsts in Figure
3-12 are plotted as a function of the fraction of the year
the system is in actual use, designated as £.

Energy requirements, in joules/yr (kWh/yr) for a
fabric filter operating at a pressure drop of 1200 Pa (5
inches of water) are expressed as 99.9 x 10 (£) (V) -
metric (13.1 (£f) (V) - english), where f is the fraction of
year in operation (actual operating hours per year d1v1ded
by 8760 hrs/yr) and V is the volumetrict flow rate inm /sec
(acfm). The expression is based upon a fan efficiency of 60
percent.
3.4.2 Wet Collectors

Wet collector cost estimates were based on a unit which

operates at a pressure drop of 2000 Pa (8 inches of water)

and a liquid-to-gas ratio of 5.3 x 10 -4

m /sec per m /sec
- (4 gpm/lO3 acfm).2 The installed costs were determined
from the base purchase cost of a wet collector, fan/motor/
drive, and pump system.2 Total installed costs (including
indirects) were obtained by multiplying the total equipment
cost by a factor ranging from 2.3 to 3.2. The results are
shown in Figure 3-13.

Annual operating costs consisting of the cost for

electricity and water consumption, maintenance, and labor,
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are shown in Figure 3-14. These costs are based on an
electricity cost of $0.0069/10° joule ($0.025/kWh) and a
water cost of $0.066/m3 ($0.25/103 gallons). Maintenance
and labor are estimated to be 8 percent of the total pur-
chase cost of equipm_ent.1 The operating costs are plotted
as a function of the fraction of the year the system is in
operation, designated as f. Scrubber water is recirculated
and no provisions were made for waste water or sludge
disposal.

Energy requirements, in joules/yr (kWh/yr), for a wet
collector operating at a pressure drop of 2000 Pa (8 inches
10 (£)(v) - metric (21
(f) (V) - english), where f is the fraction of the year that

of water) are expressed as 16 x 10

the device is in operation, and V is the volumetric flow
rate in m3/sec (acfm). The expression is based upon a fan
efficiency of. 60 percent.
3.4.3 Installation Schedules
A range of time schedules for installation of fabric

3

filters and wet collectors are given in Table 3-2. Elapsed
time is expressed in number of weeks from the start of
preliminary investigations. These investigations include
defining and justifying the need for control by estimating
or measuring émissions, determining chemical composition,
particle size, gas flow rate, etc., and preparing prelimi-
nary designs of the system. Preliminary investigation also
includes the feasibility studies to determine the best
method for reducing emissions. Depending on the amount of
data previously obtained, the number of similar installa-
tions in existence, énd the system size, the time for this
phase of the work could vary from 10 to 43 weeks. After a
system has been approved, detailed engineering drawings and
specifications must be prepared to allow for advertising and
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award of a contract. After the contract is awarded, the
equipment can be ordered from the supplier, and on-site work
on foundations structures, utilities, buildings, etc. can be
started. Upon delivery of the control device, it can now be
installed and connected to the ductwork. Ductwork and
hooding structures can be installed while awaiting delivery
of the control device. When the construction phase is
completed, the system must be tried out and any minor
changes made to yield optimum operation.

The schedules given are to be used only as guidelines.
A number of factors influence the delivery and construction
phases of these schedules. These factors include: (a)
special designs, which may require new fabrication drawings
and different fabrication procedures; (b) special materials
of construction; (c) limited space, necessitating unusual
control system configuration or relocation of process equip-
ment; (d4) extensive modifications of the process; (e) type
of contract--erected, non-erected, turnkey; (f) type of
unit--shop-fabricated modular, orlfield—erected: (g) sche-
dﬁling of downtime; (h) heavy production periods; and (i)
weather. Actual time increments may vary significantly due
to the size, typé, and design specifications of the equip-
‘ment, ease of retrofit,-weather, labor problems, field
changes, and a variety of other factors. For very small
devices, the total elapsed time to achieve milestone 5 may
be as low as 25 weeks for filter system and slightly less
for a small scrubber.
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4.0 ESTIMATING THE AIR QUALITY IMPACT OF INDUSTRIAL
PROCESS FUGITIVE PARTICULATE EMISSIONS (IPFPE's)

4.1 INTRODUCTION

Because they are emitted at or near ground level,
fugitive emissions exert a proportionally higher air quality
impact than do traditional (stack) emissions. Thus there is
a strong reason to suspect that IPFPE sources may contribute
significantly to the nonattainment of air quality standards
for total suspended particulates in many urban areas. The
impact of IPFPE's generally is most critical on a short-term
basis in the immediate vicinity of the source. Therefore, a
control strategy designed to attain annual average air
quality standards at sites in an existing area-wide moni-
toring network may not be sufficiently stringent to assure
attainment of 24-hour standards in the immediate vicinity of
IPFPE sources where such monitoring sites may not exist. It
is therefore essential to address the short-term, localized,
impact, as well as the long-term, area-wide impact, in order
to develop an adequate control strategy for IPFPE's.

Section 4.2 discusses the short-term, localized impact
of IPFPE sources. Two approaches for estimating this impact
are discussed: (1) dispersion modeling and (2) field
measurement. The long-term, area-wide impact is briefly
discussed in Section 4.3. Section 4.4 discusses various
techniques and equipment used in measuring IPFPE source
strengths and resulting ambient concentrations. For pur-
poses of illustration, a modeling exercise on a hypothetical
facility is detailed in Appendix C; an outline for a field
measurement program at the same facility is described in
Appendix D.
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‘4,2 ESTIMATION OF SHORT-TERM, LOCALIZED IMPACT

The short-term, localized impact of IPFPE sources cdn
be estimated both by dispersion modeling and by field
measurement (upwind/downwind monitoring). There are advan#
tages and disadvantages to both approaches. Monitoring is
intuitively more attractive because it involves actual,
measured data, while modeling is based on the‘mathematicai
simulation of assumed atmospheric processes. However, for
monitoring to be reliable, the data collection program must
be comprehensive in scope and subject to strict qualit?
control. This is resource-intensive and, therefore, not
always feasible. Also, the interpretation of monitoring
results is not always straightforward. Neighboring sources
and/or high background concentrations often present compli-
cations. Even when it is possible to isolate the impact of
the plant of concern, it is often dlfflcult to relate this
total impact to the individual contrlbutlng sources in the
plant complex. It is even difficult in some cases to '
adequately distinguish the impact of IPFPE's from that of
the stack emissions.

Dispersion modeling, on the other hand, is relatlvely
inexpensive and does not present the difficulties described
above. The major disadvantage is the uncertainty associated
with model estimates. The major sources of error in disper-
sion modeling are as followe' | )

¢  Inadequacies in the 31mulat10n of phy51cal phenomwl

"ena by models
e Inadequac1es in the input data to models

° ‘Lack of expertise in applylng models and in
- interpreting the results.
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These problem areas are more critical for IPFPE's than for
traditional stack sources because of the following compli-
cating factors:

° IPFPE sources are generally ill-defined as to the
critical physical parameters necessary for model-
ing. Further, emission rates are often time-
variable and frequently vary with the meteorolog-
ical conditions (wind speed) under which they are
being modeled.

° The release height of IPFPE's is generally low-

: level, where diffusion patterns are often chaotic
due to disturbances associated with plant struc-
tures and activities.*

° The gravitational effects on larger particles may
result in a non-Gaussian plume which is difficult
to model. Detailed particle size data needed to
address this problem are generally not available.*

No modeling techniques for addressing these complicat~
ing factors are given in this document. A dispersion model
which considers these factors for industrial complexes is
currently being developed and should be available by late
fall 1977. 1In the interim, the simplified techniques
identified below are recommended for preliminary assessments
of short-term, localized air quality problems in the vicin-
ity of IPFPE sources. Generally, these techniques are
"conservative," that is, the estimated impacts are higher
than would actually be realized.

Because each problem is unique, it is not possible to
categorically recommend which of the two approaches, model-
ing or monitoring, should be used. In some cases, the
simplified modeling techniques discussed in this document
may suffice. 1In other situations, the presence of complica-
tions may exceed the capabilities of even the most sophisti~-
cated models, so that an extensive monitoring program is a

*
The reader is referred elsewhere for more discussion of
this topic.l
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necessity. Each problem involves a case-by-case determi-~
nation. ‘ '
4.2.1 Dispersion Modeling

The simplified dispersion modeling techniques suggested
herein are based on the steady-state, Gaussian plume con-
cept. The Gaussian concept is described in the Workbook of
Atmospheric Dispersion Estimates (WADE).2 WADE also pre-
sents a number of adaptations of the basic Gaussian model
for applications to a wide variety of problems.

A preliminary estimate for many IPFPE situations can be
obtained by applying the equations in WADE with the aid of a
desk-top calculator. More complex problems, e.d., those
involving the interaction of several sources in a complex
facility, may necessitate the use of available computerized
models which allow the rapid solution of these same equa-
tions. Such models are identified later in this discussion.

Classification of IPFPE Sources - For appropriate

application of Gaussian modeling, sources must be catego-
rized as point sources, area sources, or line sources. Some
IPFPE sources lend themselves to ready classification. For
others, some degree of judgment may be involved. For ex-
ample, a roof_vent may be modeled as though it were a point
source (i.e., stack). A transfer point may be treated as
either a point source or an area source depending upon its
physical'dimensions. A roof monitor or a haul road falls
logically into the class of line sources but can be modeled
as a series of point sources. A storage pile (coal, ore,
aggregate, etc.) can generally be modeled as an area source.
A materials storage building of the type with open ends can
be handled either as two point sources (i.e., one on either
end of the building) or as an area source. & building with
many points of discharge through windows and doors should be
treated as an area source. '
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Necessgary Source Parameters - For the application'of

Gaussian plume modeling, the values of several physical

source parameters are essential. The essential source

parameters for each source category are as follows:

o

Point sources--emission rate, release height,
effluent temperature, and the volume flow rate of
the exhaust stream or the parameters from which it
can be calculated, i.e., the exhaust velocity and
the area of the exhaust opening.

Area sources--emigssion rate, effective release
height, area covered, shape, orientation.

Line sources--emission rate, effective release
height, length, width, orientation.

Simplified Modeling Technigues - Suggested techniques

for each source category are as follows:

o

Point sources--Many point-source problems can be
addressed by the application of the equations in
WADE with the aid of a desk~top calculator. Also
appropriate are the techniques described in the
revised Volume 10 of the AQMA Guidelines.3 For
problems involving many calculations, the com-
puterized models PTMAX, PTDIS, and PTMTP are
recommended. These models are included in UNAMAP.

Area sources--These are often approximated as
point sources and modeled by appropriate modifica-
tions to point source techniques. An example of
this is the virtual-point-source approxlmatlon
described in WADE. Another example is illustrated
in Appendix C. A second approach is to treat the
area source as a parallel series of line sources.
Both approaches are amenable to desk-top calcula-
tion.

Line sources--Many line sources can be addressed
dlrectly by desk- top calculations using the equa-
tions in WADE. It is sometimes reasonable to
approximate a line source as a series of point
sources and to model the latter by appropriately
modified point source techniques. This approach
is illustrated in Appendix C. For complex prob-
lems involving many calculations, the computerized
model HIWAYS is recommended. HIWAY is included in
UNAMAP. :




° Combinations of Source Categories--For problems
involving any two, or all three, source cate-
gories, the estimated impacts for each source
class can be overlayed. This can be done manu-
ally. For more complex problems involving many
calculations, - this is handled by the computerized
model PAL® (Point, Area, Line). Use of this model
is not confined to problems involving mixtures of
source categories. It lends itself as well to
complex line source or area source problems. The
line source treatment is the same as that of
HIWAY, The area source treatment involves the
integrated-line-source concept discussed under
"Areas sources,"”" above. This model should be
available in UNAMAP by late 1977.

apply the modeling techniques discussed above, meteorologi-
cal input assumptions are‘necessary. In a very practical
sense, they are necessary for the solution of the Gaussian
equations. Beyond this, however, the meteorological assump-
tions have a great gqualitative importance in that they
determine the reasonableness of the resulting estimates of
air quality impact. The selection of meteorological input
data is perhaps the most critical step in applying disper-
sion modeling to estimate maximum, short-term, air quality
impacts. Depending on the physical parameters of a given
source, there is a unique set of meteorological conditions,
often referred to as the "critical" conditions, which result
in the maximum impact of the source. For plants involving
several sources of widely varying physical characteristics,
considerable judgment is involved in selecting the condi-
tions for the maximum impact of the plant taken as a whole.
In the case of IPFPE's, these assumptions must cover 24-hour
periods since this is the averaging period of primary
concern. Assumptions must be made for the following vari-
ables: atmospheric stability, wind speed, wind direction,

and temperature. Conditions must be chosen which: (1)



maximize the ambient impact, and (2) are reasonably likely

to occur at the plant locations. The first point requires §
expertise in relating source impact to meteorol¢gica1 con-

ditions. The second point requires expertise in the clima-

tology of the area in which the given IPFPE source is

located.

The impact of the total particulate emissions from a
facility can be estimated by judiciously measuring the
ambient particulate concentrations upwind and downwind of
the facility with high volume samplers.15 The contribution
of emissions from nonfugitive sources can be estimated by
dispersion modeling. This contribution can then be sub-
tracted from the estimated impact for the entire plant. The
remainder is then inferred to be the impact of the IPFPE's.

This technique is not without sources of considerable
error. Reasonable precautions should be taken in the inter-
.Pretation of all measured and inferred concentrations. The
approach is nevertheless a reasonable one for estimating the
magnitude of a suspected fugitive emission problem and for
identifying possible corrective actions.

Sampling Sites and Data Collection - The short-term,

"worst case" impact of fugitive emissions at points near a
Plant is generally of chief concern. Accordingly, the
downwind sampler (s) should be located so as to be sensitive
to this impact. The number of samplers to be used to deter-
mine downwind concentrations should reflect the number,
strength, and size of suspected IPFPE sources at the facil-
ity. The field sampling program should be conducted over a
sufficiently long period to assure that conditions reason-
ably approximating the worst case are observed.



The upwind sampler (s) should be located so as to be
representative of the same air mass as that being sampled by
the downwind sampler(s) It is important to ensure that no
extraneous sources, such as nearby roadways, are affectlng
the sampler(s) Generally, the downwind sampler (s) should
be located in areas where the general publlc has access but
as near as p0551b1e to the IPFPE sources in questlon.
Because many IPFPE sources are. near ground level, their air
quality impact is highest near the sourée and decreases
rather quickly with downwind distance. However, for some
elevated IPFPE sources, such as roof monltors, the maximum
air quality 1mpact may be at an appreciable distance. from .

- the plant boundary. The selection of locations for samplers
should be made with this in mind. . o _

In order to document the relatlonshlp between measured
air quality and suspected IPFPE sources, 51multaneous
meteorological measurements should also be made. Meteoro-
logical parameters which should be measured include, at a
minimum, hourly wind speed and wind direction. The avail-
ability of on-site meteorological data is also important in
situations where dispersion modeling is applied to determine.
the impact of nonfugitive stack emissions. For this pur-
pose, hourly observations of temperature and cloud cover are
also needed. |

Modeling the Nonfugitive Sources - The sources of non-

fugitive emissions do not generally'present the complica-
tions associated with fugitive emissions. As such, they are
more amenable to modeling via available computerized models
(i.e., PTMAX, PTMTP, etc.) with the expectation of reliable
results. The modeling should be done for those days identi-
fied as showing the greatest impact from the total plant.
Meteorological data for the selected days should be avail-

able as discussed above.




To the extent practicable, emissions from nonfugitive
sources should be quantified and characterized for the
specific days of interest. For example, it is entirely
likely that a source whose controls normally operate at a
specified collection efficiency may, on a particular day,
actually be emitting at a rate much hiéher than normal, If
such were the case, the point source modeling results based
upon the normal emission rate would greatly underestimate
the contribution of nonfugitive sources and thereby exag-
gerate the inferred impact of the fugitive sources.

4.3 ESTIMATION OF THE LONG-TERM, AREA-WIDE AIR QUALITY
IMPACT '

No long-term dispersion model is generally available
which adeguately considers the complicating factors peculiar
to IPFPE's. The possible development of such a model for
industrial source complexes is being investigated. 1In the
interim, the absence of an adeqguate annual model is not
eritical, since the short-term localized impact of IPFPE's
is of primary concern from the viewpoint of developing
adequate emission control strategies.

Preliminary estimates of area-wide, annual-~average
impact can be obtained by including the IPFPE sources in the
7 and AQDM,8 which are
being used for other sources of particulate matter in the

multisource urban models, e.g., CDM

area of concern. For such purposes, the details of source
configuration are not so critical as they are for short-
term, localized, air quality modeling. On the distance
scales of areca-wide models, many area sources (e.g., haul
roads and roof monitors) can be treated as point sources.
The roadway network of a relatively large plant can ke
treated as a uniform area source. A related aspect is that
many emissions can be "lumped" because the physical para-
meters of the individual sources are not so critical as they
are in short-term, localized air quality modeling.
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4.4 MEASUREMENT OF IPFPE's (State-of-the-Art)

Briefly described in the following section are several
basic tools for measuring both source strengths and ambient
concentrations of fugitive particulate emissions.

4.4.1 Quagi-stack ' _
| Qua51 stack9 1s a technique which can prov1de quite

_accurate measurements of fugltlve partlculate emissions from
a wide variety of relatively small individual operations.
This method requires that the sburce be completely isolated
by an enclosure capable of capturing essentially 100 percent
of the emissions without affecting the emission rates, the
physical and chemical characteristics of the emissions, or
other plant processes. Emissions are vented to the atmos-
phere through an exhaust duct, where they are measured using
standard stack sampling techniques.
4.4.2 Roof Monitor

The roof monitor sampling methodlo is used to quantify

fugitive emissions which escape through monitors and through
other building openings such as windows, doors, and fan-
driven ventilators. This method involves measuring (1) the
area of the monitor or building opening, (2) the velocity of
the flow through these openings with a hot-wire or rotating-
vane anemometer, and (3) the concentration of particulates
emitted from the processes within the building after they
have been mixed and diluted by the internal atmosphere of
the building. A high-volume sampler is most often used to
determine the TSP concentration. The fugitive emission rate
can then be calculated from the measured concentration and
the volume flow rate (area times velocity) through the.
monitor/opening.
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A slightly different method is used by the Wayne County
(Michigan) Department of Health to sample ventilators.11 A
pitot tube traverse is made to locate a point having rela-
tively stable flow conditions in the ventilator outlet. A
single isokinetic sample is made at this point to determine
the particulate density in the outlet. Based on the sizes
of the fan and the exhaust duct, the total volumetric flow
rate is obtained from a family of fan curves. From these
values the emission rate can be calculated.

4,4.3 High-volume Samplers
High~volume samplers, which are used to measure thi2

concentration of particulate matter in the ambient air,
can be used in many ways to determine the source strength
and impact of fugitive emissions. The applications of high-
volume samplers include the roof-monitor-source sampling
method and the upwind/downwind ambient sampling technique.15
Several high-volume samplers may be used around storage
piles or waste dumps in order to estimate windblown emis-
sions. Other uses include positioning high-volume samplers
on roof tops to estimate building losses.

4.4.4 Cascade Impactor

This methodl3 is designed to fractionate suspended
particulate into several particle size ranges. Rather than
draw air through only one filter, as does a normal high-
volume sampler, a cascade impactor draws air through a
series of plates. Each of the plates contains perforations
of known size. The perforations decrease in size with each
successive plate, which in turn increases the velocity of
the air. Beneath each plate is a preweighed filter on which
the particles will impact depending on their size and velo-
city. After sampling, the filters are weighed to determine
the weight of particulate matter collected. The weight of
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each filter is compared to the total weight (combined weight

of all filters) to determine the percentage of each size

range. Cascade impactors and high-volume samplers can be

used in similar locations.

4.4.5 Beta Gauge
This is a device

fraction (smaller than 2 um particles) of suspended particu-

14,which measures the respirable

late matter. Particles larger than 2 um are filtered out by
a cyclone collector. The smaller particles which pass
through this collector are impacted on a thin plastic £ilm.
The amount of beta radiation from a carbon-14 source which
penetrates this sample is proportional to the quantity of
collected material. The associated electronics relate this
quantity to the volumetric flow rate and provide a digital
display of the respirable dust concentration.
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5.0 INTEGRATION OF IPFPE IMPACTS INTO THE STATE
IMPLEMENTATION PLANNING PROCESS

5.1 INTRODUCTION

While considerable progress has been made in reducing
ambient TSP concentrations in many locations, it is now
apparent that the primary national ambient air quality
standard for TSP (NAAQS) will not be attained on a nation-
wide basis under existing State Implemention Plans (SIP).
U.S. EPA's most recent estimatel indicates that 52 percent
of the 247 designated Air Quality Control Regions had
meashred concentrations in excess of either the annual or
maximum 24-hour NAAQS for TSP in 1976. In light of this,
U.S. EPA officially notified 31 states in July 1976 that
their SIP must be revised to provide for attainment of the
NAAQS. As part of this revision process, the states must
seriously evaluate the impact of all particulate matter
sources including IPFPE and, where defined as a legitimate
attainment problem, provide a revised SIP to include their
control by July 1978.

In a recently completed study titled "National Assess-
ment of the Particulate Problem,"2 five factors were iden-
tified as affecting the attainment and maintenance of the
NAAQS for TSP. These were conceptually grouped as follows:
three general categories of sources that contribute to the
TSP loading at any given point, and two factors that act to
modify the ambient levels measured. The three general
categories of particulate matter emissions are those from
traditional sources, nontraditional sources, plus natural
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and transportation sources. The two modifying factors are
meteorology and monitoring network configuration and siting.
Industrial process fugitive particulate emissions (IPFPE)
were classified as "nontraditional sources,"

As noted in Section 1.0, IPFPE have often been recog-
nized as a source of particulate matter, but only minor
control efforts have generally been pursued to date. 1In
many operations, especially where dry materials handling is
prominent, particulate matter emissions are generated in
processes both inside and outside of plant facilities, but
still on plant property. This fact was repeatedly noted
throughout Section 2.0. Also, the low helght at which - they
are typically emitted means that very little dilution occurs
and fairly high ambient levels are created. Consequently,
while IPFPE problems are generally localized and associated
with a point source of particulate emissions, they can
influence air quality over a considerable area if the
source is a major industrial complex or a cluster of indivi-
dual sources in or near an urban area.

Therefore, IPFPE in many cases may be a major contri-
butor to the nonattainment of the NAAQS, and plans should be
developed for their control."Once_the need for control is
identified, a control strategy must be developed and evalu-
ated in light of its economic impact, and its feasibility
from an implementation and enforcement/compliance aspect.
These factors and their respective roles in the SIP process
will be considered in the following sectlons.

5.2 PROCEDURES FOR DEVELOPMENT OF A CONTROL STRATEGY FOR
IPFPE

The need for and development of any control strategy

" designed to attain and maintain the NAAQS initially requires
an analysis of current and possible future air quality prob-
lems. If IPFPE can be identified and quantified, a categor-




ical control strategy can be developed. The amount of work
involved in each development phase will vary from area to
area depending on available data, magnitude of the TSP
problem, types and number of IPFPE sources, etc. Listed
below, in sequential order, are a series of procedures or
action phases which may be employed to determine (or at
least strongly suspect) that IPFPE's are a significant
factor in nonattainment and/or maintenance of the NAAQS for
TSP. Once such a positive determination has been made, the
sequence of activities continues until the most appropriate
strategy is formulated.

° " Review and Validate Air Quality Data -~ Validate
and evaluate all available TSP ambient air measure-
ment data, determining its representativeness,
influencing factors, and limitations. Be positive
that it was collected and analyzed using the
Reference Method and that proper guality control
was exercised. Several guidelines have been
prepared to assist with this process.3r4r5 If 6
possible, examine air quality data statistically
for indications of major impacting source cate-
gories (e.g., effect of rainfall, weekday versus

weekend readings, wind directions associated with
high concentrations).

e Evaluate TSP Sampling Site for Bias - Generally
this information is known. Regardless, each site
should be assessed in light of the following
criteria:

(a) How well the location represents particulate
air quality of the surrounding area.

(b) Appropriateness of site for use in deter-
mining regional attainment or nonattainment
of air quality standards.

(c) Presence of a local dominating pollution
source, especially a known or suspected
source of IPFPE.

(d) Presence of physical interferences.:
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U.5. EPA is currently developing uniform siting

criteria. Until these are available, guidance may

be found in a 1972 publication.?
- Inspect Samples for First-Order TImpacts - At
times, visual inspection or physical/chemical
techniques can provide evidence of air quality
impact from IPFPE sources. For example, if
crushed rock emissions are suspect, the following
approach could be employed: :

(a) Visual inspection could be made of the TSP
filters for grayish coloration, especially on
days when the wind was known to be coming
from the suspect source.

(b) Polarized light microscopy could then be
employed to determine (quantitatively) that
crushed rock particles have been captured on
the filter, ' : '

(c) Depending on the chemical composition of the
rock being processed, the sample could be
analyzed for indicators such as calcium,
phosphorous, and the like. Unusually high
levels of these "indicator" elements would
tend to confirm a source-receptor impact.

However, while it is possible to use microscopic
and other analytical techniques in concert to
provide comprehensive particle identification
analysis, the requisite analytical sophistication
and cost constrain their use for widespread
screening-level studies. Their utility is pri-
marily in more precise study of already well-
structured problems.

Identify Suspected/Known Sources of IPFPE and
Update Emission Inventory - Within the constraints
of available manpower, the existing regional/area
particulate emissions inventory must be updated to
include the contribution from IPFPE. Source-
related data supplied in Section 2.0 should be
used if no better information is available. It is

recommended .that a special effort should be made
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to resurvey the entire inventory area for over-
looked or currently unreported sources* of partic-
ulate emissions.

° Determine the Geographical Distribution of Sources -
Th order to more easily assess the spatial distri-
bution of IPFPE (and fugitive dust) sources and
their possible impact on TSP sampling sites, a map
locating sources and sites should be constructed.
Additionally, if the sources of IPFPE are uni-
formly scattered across the geographical area
chosen for investigation, and concentrations at
TSP sampling sites throughout the area are ob-
served to move up and down together on sequential
sampling days, these sources are probably respon-
sible for the region-wide influence on air quality.
However, the possibility that an extra-regional
source may be causing this situation should always
be considered. Always investigate other possible
influences, such as pollen, atmospheric aerosol
formation, and influx of particulate, and attempt
to quantify their impacts.

However, in many cases the impact of IPFPE can be
readily associated with a single source. Correla-
tion of highest sampling loadings with wind direc-
tion from the source, visual observation, and the
examination of specific samples noted previously
can all assist in confirmation of the source-
receptor situation. If isolated or single sources
appear to be major contributors to nonattainment,
a detailed emission inventory should be developed
for the source in question which would include
fugitive emissions.

It is generally agreed that the high-volume
sampler, as it is usually employed to monitor
regional air quality, is principally influenced by
particulate emissions occurring within a 0.8 to
1.6 km (1/2 to 1 mile) radius. This is especially
the case when IPFPE sources are being considered,
due to their low exit velocity and usual emission
at or near ground level. Therefore, the area

This survey effort presents the ideal opportunity to locate
and quantify fugitive dust emissions concurrent with IPFPE.
Fugitive dust sources such as unpaved roads, active con-
struction, agricultural activities, and the like should also
be located and tabulated. Emission factors may be found

not only in AP-42 but other publications6:8 as well.




within a 0.8 to 1.6 km (1/2 to 1 mile) radius
surrounding each TSP sampling site may be surveyed
to identify conventional point and area sources of
particulates, plus fugitive dust and IPFPE's. The
methodology for this "microinventory" has been
developed and applied in various studies.9,1.0

This method will provide a means of identifying
the types of particulate emission sources which
will have an impact upon the individual monitoring
site in question.

An example microinventory tabulation is pPresented
in Table 5-1.

" Select an Approach to Establish the Baseline

' Source/Receptor Relationship

Interim Approach:

If the assessment of the IPFPE problem indicates
a short-term localized impact, the preliminary
dispersion modeling techniques described in
- section 4.2.2 should be employed to estimate the
relative 24-hour impact of IPFPE on air quality.
While some may question the relative accuracy and
precision of the fugitive emission factors cur-
rently available and the dispersion modeling
techniques outlined in section 4.2, the results
should be of sufficient quality to (1) allow at
least a relative ranking of sources based on ‘
~greatest impact, (2) define the general nature and
characteristics of IPFPE so that a determination
of reasonably available control technology appli-
cation can begin on a source-by-source basig, and
(3) support the need for acguisition of better
emission factors or source test data using the
state-of-the-art techniques described in section
4.4 for those major sources under consideration
for potential control.

In most cases the short-term localized impact of
IPFPE will be the binding constraint; however, in
some cases the long-term or area-wide impact could
be of some significance and it should be evaluated.
This can be accomplished as part of the overall
evaluation of the annual average impact of all
sources within the given area. An interim ap-
proach is discussed in Section 4.3. An improved
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approach is presently under investigation. To
repeat, however, it is usually the short-term,
localized impact of IPFPE that determines the
necessary control.

Final Approach:

Perform dispersion modeling for the short-term
localized impact, using the improved modeling
approach to be made available by EPA later in 1977
(as referred to in Section 4.2). Secondarily,
determine the area-wide annual average impact
using the approach described in Section 4.3 or,
when available, the approach referred to above.

will 1ike1y require a new approach to regulatory
control of such emissions. Currently, regulations
for control of fugitive emissions are of three
general types: nonspecific nuisance regulations,
quantitative property-line regulations, and regu-
lations that prescribe specific control measures
in specific circumstances. The majority of regu-
lations are of the first type, defining dust as a
nuisance and often requiring "reasonable precau-
tions" to prevent emissions. While flexible and
capable of being strong enforcement tools, such
regulations may not always be effective for IPFPE
control, The other two types can be more effec-
tive; however, property-line regulations in partie-
ular reguire enforcement and measurement tech-
niques that are even more difficult than those
required for stack emission sources. Regardless,
a judgment must be made as to whether existing
regulations can effectively control IPFPE and, if
so, what the compliance status is of each identi-
fied source.

for IPFPE and a Plan for Implementatlon - Using
the selected approach for baseline IPFPE source/
receptor relationships:

Using the results of the short-term modeling,
determine the degree of control that will occur
from full compliance with adopted regulations.
This evaluation should be done on a source-by-




source basis for those sources within the non-
attainment area which are suspected to be con-
tributing to the short-term violations of the
NAAQS.

If the existing regulations are determined to be
inadequate for the attainment of the NAAQS, the
additional degree of control should be determined
for the sources in question. Once the various
control measures have been evaluated in regard to
their reasonableness, they should be tested by
reapplication of the short-term modeling technique
to test the effectiveness of the control measure
in reducing the short-term localized impact of the
sources under consideration. While the short-term
localized impact will be the "binding constraint"
in most cases as far as IPFPE is concerned, the
area-wide annual average impact should be evaluated
in order to ensure that the measures developed for
minimizing the short-term impact will be satis-
factory in providing adequate control for the
overall area-wide impact from these sources. The
overall control strategy developed for IPFPE
should reflect the degree of control necessary to
attain the NAAQS from both the short-term and
annual average aspects. Thus, the overall effec-
tiveness of the strategy should be tested in the
short-term as well as the long-term mode to ensure
the development of the best strategy possible.

The development of the control strategy should
consider such factors as control technology
availability and applicability, time required for
implementation, enforceability, and overall
practicability and reasonableness.

The final control strategy should provide for
control of IPFPE as expeditiously as practicable.
An adequate documentation of the analysis should
be developed to ensure completeness. Once the
strategy is finalized, enforceable regulations and
compliance test methods (see section 5.4) must be
developed to implement the strategy. Some example
regulations currently in existence to control
IPFPE are contained in section 5.4. Additionally,
a series of model regulations applicable to IPFPE
are contained in section 5.5.




5.3 FACTORS INFLUENCING THE IPFPE STATE IMPLEMENTATION
PLANNING PROCESS

In attempting to develop a reasonable control approach
for IPFPE sources and integrating it into the existing SIP
structure, a number of factors are involved. These factors
will influence IPFPE control options and plans at least
through the next several years, or until a significant
technical effort is developed which will £ill current infor=-
mation gaps in the areas of IPFPE measurement, control
device/techniQue_application, impact analysis, and the like.
However, these factors do not mitigate agaiﬁst facing up to
the fact that IPFPE eources do exist and are identifiable,
that they can cause significant impact on TSP air quality in
specific situations, and that even with our current level of
technical knowledge and engineering experience it has been
demonstrated that IPFPE sources can and should be reasonably
controlled. Significant "CONS" and PROS" of our current
situation can be summarized as follows:

| ° CONS °

° At the present time, the great majority of poten-
tial IPFPE sources have not even been quantified
by emission estimation technigques, much less by
actual measurement. Without data regarding their
chemical/physical parameters and process-related

" characteristics (exit velocity, temperature,
location, ete.) it is virtually impossible to
determine the most reasonable and effective
control technology application.:

e In many instances, the IPFPE source presents a
unique case. Even in the same industry, factors
such as plant design and age, physical plant
configuration, proximate location to populated
receptor areas, topography and meteorologY. acting
together or individually, result in an empirical
situation. It cannot be solved simply by applying
a control plan which was developed and worked for
a source with similar process parameters.
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Costs involved in controlling IPFPE can often be
considerable, at least on a relative scale. For
example, major expenditures are involved in con-
trolled hooding and enclosure of a very dusty
operation (such as ore handling and blending).
While the enclosure, ducting, exit control device,
and air moving system may result in an installa-
tion cost which may not appear unreasonable, the
operating and maintenance costs for moving an
extremely large air volume through the number of
air changes required for indoor worker protection
can be significant. Also, the fact that IPFPE's
are often in the "fine particle" range, i.e., less
than 5 microns, dictates the need for high effi-
ciency collectors which are relatively costly.

In certain cases, especially when.the IPFPE is
"fine particulate," the application of a control
technique produces some special secondary problems
resulting from handling, transfer, and disposal of
the collected particulate. Special precautions
must often be employed to prevent wind dispersion,
erosion, and runoff from occurring.

° PROS °

In many cases, a 31gn1f1cant portion of the total
fugitive particulate emissions emanating from an
industrial facility results from "universal sources"
such as plant/haul roads, storage piles, transfer
operations, and disposal sites. Control tech-
nology applications for these sources are reason-
ably well defined and do not result in a severe
economic impact on the plant operator in most

cases.

At times emissions of fugitive particulates can be
reduced through a diligent "housekeeping" and
edguipment maintenance program. Employee care-
lessness can also result in increased IPFPE.
Avoidance of unnecessary process upsets, shut-down
and start-up operations, and slipshod performance
of routine plant activities such as handling and
transfer of materials can result in emission
reductions often accomplished at no increase in
operational costs.
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In many nonattainment situations, 1ncrea51ng the
stringency of ex1st1ng regulatlons for stack or
vented particulate emissions may result in a -
significantly greater cost impact than that re-
quired for control of IPFPE sources at the same
facility. For example, increasing the control
efficiency of an existing partlculate collector
from 97.5 to 99.5 percent is often not as cost-
effective as reducing as much as 50 percent of the
fugitive particulate emitted by the plant through
the application of control options such as en-
closure of open conveyors, hooding and ducting
into existing controls, or collection and re-
entrainment into the process stream.

Due to a general lack of attention, control
techniques for most IPFPE have not been advanced
to that stage of application wherein resultant |
control can be anticipated with good confidence.
Thus, the door is open for the development of
innovative control techniques and equipment
design.

In summary, most of the revised SIP's dealing with
control of IPFPE can probably best be developed on the basis
of a source-by-source evaluation which leads to the develop-
ment of an overall regulatory/enforcement program customized
for the emission characteristics specific to each area. 1In
so doing, the agency may be required to make certain judg-
ments concerning the emission strength and control options
for each source under consideration. These judgments will
center around:

(1) The need to develop the best data possible.
Ambient air guality concentration and specific
source-related measurements of IPFPE will cer-
tainly enhance the guality of the analysis.

(2) The ability to identify the specific IPFPE sources
which have, in fact, a 31gn1f1cant impact on air:
_quallty nonattainment.

(3) The applicability of reasonably available control

technology (RACT) for IPFPE sources which redquire
control. :
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The adequacy of existing regulations for imple-
menting the control measures required by IPFPE
sources. Included here is the problem of deter-
mining not only the effectiveness of current
regulations but also the additional control which
can be generated by revised or new regulations and
enforcement procedures. '

The availability of techniques/models which will
allow the agency, with some degree of confidence,
to select the optimized control strategy for
integration into their SIP process.

SUMMARY OF EXISTING REGULATIONS APPLICABLE TO IN-
DUSTRIAL PROCESS FUGITIVE PARTICULATE EMISSIONS

Most states use a fugitive emission regulation pattered
after the one contained in 40 CFR 51, Appendix B. This
regulation does not distinquish between fugitive particulate

5.4

emissions from industrial processes and fugitive dusts that
become airborne due to the wind and man's activity on the
land. Thus in most states the emission sources are combined
into a single category which includes a solid, airborne
particulate matter emitted from any source other than a
stack. The basic state regulation recommends that "reason-
able precautions" be taken to prevent this "fugitive dust"
from becoming airborne and suggests some general techniques
for achieving thig goal including:

° watering or chemical application during construc-
tion activities,

° applying dust suppressant to roadways,

° installing hoods, ducts, etc. on industrial
processes,

° covering truck bins,

e using sound agricultural practices,

° pPaving roads and keeping them clean,

° and prompt removal of dirt from roadways.
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Where a distinction between fugitive process emissions
and fugitive dust is made within a state regulation, it
usually relates to one of the following:

° definition of fugitive dust,
° specification of control techniques,
° and methods of assessing compliance.

In some cases, a definition distinquishes between
"fugitive emissions" from industrial processes and "fugitive
dust" to reflect particular air pollution problems within
the state. Arizona, for example, which has a significant
windblown dust problem, defines "fugitive dust" as including
all "uncontrolled dust." One of West Virginia's principal
concerns is with particulate emissions from manufacturing
processes and, hence, it provides an alternate definition:
"'Fugitive Particulate Matter' shall mean any and all parti-
culate matter generated by any manufacturing process which,
if not confined, would be emitted directly into the open air
from points other than a stack outlet."

Control techniques are usually defined in one of two
ways: either reasonable precautions are required or speci-
fic control techniques are mandated. Reasonable precautions
usually include those precautions suggested in the EPA
regulation. The actual degree of control or extent of
activity that is "reasonable" is, however, usually left to
the discretion of the control agency personnel. Connecticut,
for example, requires that, "Such reasonable precautions
shall be in accordance with good industrial practice as
determined by the Commissioner and shall include, but not be
limited to, . . ." the precautions suggested in 40 CFR 51
Appendix B. Others, such as Idaho, try to be somewhat more
precise. Idaho's regulations state that, "In determining
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what is reasonable, consideration will be given to factors
such as the proximity of dust-emitting operations to human
habitations and/or activities and atmospheric conditions
which might affect the movement of particulate matter.”

As a general rule, reasonable precaution regulations
are more effective in dealing with diverse sources of fugi-
tive dust than with particulate sources of fugitive procesé
emissions. This approach affords an agency administrator
the discretion needed to deal with a variety of sources, but
it risks resulting in arbitrary and capricious decisions and
being contested in court. Many states, in adopting the '
fugitive dust regulations, have incorporated language
placing particular emphasis upon fugitive dust sources.
Ohio, for example, has adopted a regulation which applies
exclusively to persons who permit "materials to be handled,
transported, or stored; or a building or its appurtenances
or a road to be used, constructed, altered, repaired or
demolished without taking reasonable precautions.”

Some states, however, have adopted reasonable precau-
tion type regulations to control fugitive emissions from
industrial process. Vermont, for example, prohibits "any
process operation to operate that is not equipped with a
fugitive particulate matter control system" and empowers the
Air Pollution Control Officer to order a building or equip-
ment closed and ventilated so that all exhaust gases may be
treated before discharge. Similarly, West Virginia requires
a manufacturing process to be equipped with and maintain a
fugitive particulate matter control system to minimize
emissions. '

5.4.2 ¢Specific Control Regulations

Colorado provides the best example of a state which
requires the implementation of specific control techniques




for specific types of fugitive dust sources. In great
detail, Colorado regulates unpaved roads and parking areas;
earth and construction material moving and excavating;
demolition, wrecking and moving of structures, and explo-
sives detonation activities; open mining activities; and un-
enclosed operations.

These regulations require existing facilities to submit
and implement specific control pPlans and progress reports,
and require new facilities to obtain permits for construc-
tion and operation. The:permits involve the submission of
a substantial amount of information: a description of the
activity, the abatement and preventive measures that will be
used, a time schedule for the activities, and a description
of the monitoring methods to ensure compliance.

Special abatement and Preventive methods outlined by
the regulations are more detailed than those in the EPA-
suggested regulation, but essentially leave the choice of
method to the source, With-agency review and approval.

While the Colorado regulation is directed primarily at
fugitive~dust-type sources, many states specify control
techniques to control fugitive emissions from parficular
industrial processes. Alabama, for example, has adopted a
regulation which requires both reasonable measures and
specific control techniques for operating and maintaining
coke ovens. As a condition for obtaining operating and
construction permits, Michigan and Illinois often require
particular industries to stipulate "formalized maintenance
programs."” These often contain limitations and control
measures for fugitive emissions.

5.4.3 Compliance Methods
All fugitive dust regulations are designed to help

achieve and maintain ambient air quality standards, but




there is a variety of methods for determining how compliance
with this objective is to be assessed. _

States commonly employ two or more of the following
strategies in combination:

° Ambient air sampling for total suspended particu-

late concentrations or dust fall concentrations.

Visual observance for opacity of the dust produced
by the source. '

Agency verification that performance standards are
being complied with.

Agency enforcement of "nuisance" regulations,
whether initiated by citizen complaints or agency
surveillance.

The regulation provided in 40 CFR 51 Appendlx B does
' not directly address methods of assessing compliance other
than in terms of requiring that emissions not exceed 20
percent opacity. Connecticut regulations, as a result,
stipulate that, "No person shall cause or permit the dis-
charge of visible emissions beyond the lot line of the
property on which the emissions originate when: (i) the
emissions remain visible and exist near ground level outside
the property boundaries; or (ii) the emissions remain
visible and impinge -on a building or structure so that the
health, safety, or enjoyment of life of the public may be
diminished." Most states have adopted a variant of this
regulation. In general, these standards may be made appli-
cable to both fugitive process emissions and fugitive dust.
Visual Observance - In addition, most states have

adopted general visible emission regulations which prohibit
any visible emissions, without reference to the property
line, which are greater than a stated opacity (generally
20%). These regulations may be construed to encompass
fugitive emissions and at least one state has considered




using a 5 percent visible emission regulatlon of thls type
to control specific fugitive sources. _

Similarly, many states-lnclude in their regulations a
general provision that bans any emission that is conSLdered
‘a nuisance or that endangers human health and welfare.
Alabama's regulation is indicative: "When dust, fumes,
gases, mist, odorous matter, vapors, or any combination
thereof escape from a building or equipment in such a manner
and amount as to cause a nuisance . . ., the Director may
order that the building or equipment in which proceSsing,
handling, and storage are done be tightly closed and venti-
- lated in such a way that all air and‘geses and air or gas-
borne material leaving the building or equipment are treated
by removal or destruction of air contaminants before dis-
charge to the open air." This language is particulerly
useful for controlling fugitive emissions from industrial
process, but citizen complaints and the agency's subjective
judgment are needed to determine whether the source ig a
nuisance.

Ambient Sampling - Assessment of compliance is some-

times made through ambient sampling. Standards for partic-
ulate concentration or fallout at the property line are of
particular value in controlling fugltlve process emissions
from specific industrial and commercial sources. Texas, for
example, has successfully applied an upwind-downwind method
to the control of fugitive sources. 1In essence thig tech-
nique requires simultaneous measurement of ambient air
particulate concentrations (using standard hi-vol tech~
nigues) at a minimum of two locations,7one upwind and at _
least one other downwind of the source in question. Measure-
ments are usually taken for periods ranging from 1 to 5 =
hours and are subsequently compared to maximum permissible
downwind minus upwind concentrations for the applicable time
period.
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The Texas Air Control Board has stipulated that the
minimum net difference between the two concentrations must
be at least 100 pg/m3 in order to demonstrate that a signi-
ficant emission source is present. It also stipulates that
if the difference is 100 to 200 jig/m3 then the sampling
period should be for 5 or more hours. If it is 200 to 400
ug/m , then the perlod should be at least 3 hours. 1If
greater than 400 ug/m , then the averaging period should be
at least 1 hour. They consider these ranges to be statis-
tically reliable and legally defensible.

nique is designed to help abate neighborhood-scale nuisance
problems caused by specific fugitive emission sources, not
city-wide ambient air quality ones. It has been found to be
both legally defensible and--because of its qguantitative
nature--an effective abatement tool.

Other states have devised ambient sampling type regula-
tions which are equally applicable to sources of fugitive
process emissions and fugitive dust.

Hawaii, for example, stipulates that concentrations may
not be more than 150 _ug/m3 (12-hour average) "above upwind"
TSP concentrations or 3.0|g/m2 (14-day average) above upwind
dust-fall concentrations. Indiana has a complex regulation
which says that a source will be in violation if a source or
combination of sources cause: '

"concentrations greater than 67 percent in excess
of ambient upwind concentrations as determined by the
following formula:

100 (R-U)

P =5




Where
P = percentage increase

R = number of particles of fugitive dust measuted
at downwind receptor site

U = number of particles of fugitive dust measured
at upwind or background site

Potential Respiratory Damage - If the fugitive dust is
comprised of 50 percent or more respirable dust, then
the percent increase of dust concentration . . . shall
be modified as follows: '

P. = (1.5-N) P :
Where
N = fraction of fugitive dust that is. resplrable
dust
P_ = allowable percentage increase in dust

r
concentration above background

P = no value greater than 67%
Ambient Air Concentrations - The ground level ambient
air concentrations exceed 50 micrograms per cubic
meter above background concentrations for a 60-minute
period . . .

If the source is determined to be comprised of two or
more legally separate persons, each shall be held
proportionately responsible on the basis of contri-
butions by each. person as determlned by microscopic
analysis."

Kansas stlpulates that "no person shall cause . . . a
~ground level particulate concentration at the property line
equal to or exceeding 2.0 milligrams per cubic meter above
background concentrations for any time period aggregatlng

more than 10 minutes during any hour."
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Mississippi establishes 5.25_g/m2/month as the amount
above background that may not be exceeded. Missouri estab-
lishes four different standards (without reference to
background) :

1. TSP 80 ug/m3 6-month geo mean

200 ug/m3 2-hour arith mean for not

less than 5 2-hour
sampling periods

2. Soiling 0.4 coh/1000 ft 6-month geo mean
index
1.0 coh/1000 £t 8-hour arith mean

Pennsylvania states that "no person shall cause . . .
fugitive particulate matter to be emitted . . + if such
emissions are . . . visible at the point such emissions pass
outside the person's property and the average concentration,
above background, of three samples, of such emissions at any
point outside the person's property, exceeds 150 particles
per cubic centimeter."

In two states, Illinois and Missouri, compliance is
also assessed in terms of particle size. Missouri, for
example, equates visibility of particulate matter (in the
sense of opacity limitations) with finding particles larger
than 40 microns in size present beyond the premises of
origin.

Specific Operating Procedures - The fourth method of

assessing compliance has already been briefly described in
reference to the stipulation of control techniques in oper-
ating and construction permits. The provisions found in
Colorado's regulation are indicative. That state's regula-
tion is based upon permits, control plans, and plan and
progress reports each of which stipulates the dust abatement
and preventive measures that will be applied by the source.
The regulations further state that "The Division may suspend,
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revoke, modify, or refuse to renew or grant a permit under
the following conditions: (i) the requirements of their
Section II. D. have not been met; (ii) the approved compli-
ance or prevention plan has not been followed as determined
by the Division, or (iii) the permit conditions are not
met." Thus, Colorado bases its assessment of compliance on
whether or not the source is perfofming those easily observ-
able actions that is has said in writing that it will do.
This type of regulatory approach is very effective in con-
trolling fugitive process emissions near major sources and
where the principal contributors can be identified.

All states have mechanisms whereby sources may obtain
variances from fugitive emission regulations‘or requirements
for good and sufficient cause.

5.5 MODEL REGULATIONS _

The Model Reguiations set forth below are based on
existing regulations and regulatory approaches Which have
been modified to apply to fugitive particulate emissions
from industrial processes. No fugitive emission regulation,
however, will be adequate to control all types of fugitive
particulate emissions and, consequently, no specific model
regulation is recommended. These regulations are presented
for illustration and guidance purposes only. An agency
should use the regulatory approach most applicable to the
specific situation it is trying‘to control within its juris-
diction. _

5.5.1 Vigible Emission from Identifiable Sources

Opacity limitations relate to the optical properties of
emitted particulate matter and assume that there is a mean-
ingfui relationship between the light-obscuring properties
of the particulate matter emitted by a fugitive dust or
fugitive emission source and the mass-per-unit time of
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particulate matter emitted by such a source. Implied in

such a concept is the assumption that there is a similar

relationship between opacity and ambient concentrations of

particulate matter.

From the standpoint of the responsible air pollution

control agency, some of the advantages of the use of visible

emission control regulations are:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

The validity of the equivalent opacity concept has
been well established by the courts.

Observers can be trained in a relatively short
time and it is not necessary that observers have
an extensive technical background.

No expensive equipment is required.

One man can make many observations per day.
Violators can be cited without resorting to time-
consuming source testing.

Questionable emissions can be located and the
actual emissions then determined by source {asts.
Although it is usually not possible to quantify
the reduction in total air pollution by the con-
trol of visible emissions, it is reasonable to
assume that there will be a reduction in the
discharge to atmosphere of dusts. |

Control can be achieved for operations not readily
suitable to regular source testing methods such as
dust and other leakage from process eguipment, and
bulk loading or unloading of dusty materials such
as grains, coal, ores, etc.

It would be unfair to many processes and opera-
tions if dust concentrations in the effluent gases
were limited such that visible emissions would be
eliminated.




The most common objections to the use of equivalent
opacity are:

(1) The opacity observed is a subjective measurement
varying with the position of the observer in
relation to the sun and sky, size of particles in
the plume, atmospheric lighting and background of
the plume.

(2) Opacity has not as yet been successfully corre-
lated in detail with other methods of measurement.,

(3) Difficult to use in hours of darkness.

(4) Water droplets interfere with the observations.

Existing visible emission type regulations are of two
types. General visible emission regulations usually limit
the opacity of emission to a given percentage. Fugitive
dust regulations, however, often prohibit all visible emis-
sions from crossing the property line. By eliminating the
necessity for evaluating the opacity of an emission, the
fugitive dust regulation is less subjective and more easily
enforced.

The following model opacity regulation is based on the
approach being considered for a New Source Performance
Standard for the crushed and broken stone industry. It
differs from existing fugitive visible emission regulations
in that it prohibits all visible emissions only 90 percent
of the time. The restriction that there be no visible emis-
sion from the capture system for 90 percent of the time is
based on calculations from data obtained by gqualified
observers at best-controlled plants. 1In addition, it is
intended that measurements be made at the source rather than
at the property line.
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(1) Industrial process fugitive particulate emissions
shall be controlled so that there are no visible emissions
at least 90 percent of the time from any building or un-
enclosed process operation, except

(a) A visible emission of an opacity more than 20%

shall not be permitted.

(b) This rule shall not apply where the presence of
uncombined water vapor is the only reason for
failure of an emission to meet the requirements of
this rule.

(¢) This rule shall not apply where specifically
permitted by the commission in a case where com-
pliance is not feasible and all other requirements
of the commission's rules are being met.

5.5.2 Fence-line Air Quality Measurements

Air quality measurements assess the impact of sources
of fugitive air emissions upon air quality. They can be
measured either with dust-fall jars for settleable particu-
lates, high-volume samplers for suspended particulates, or
paper-tape samplers for the soiling properties of the
emitted dust. Where high-volume samplers are used, the
source's impact can be directly related to the national
ambient air quality standards.

Air quality measurements are excellent for obtaining
objective and court-enforceable comparisons with a standard,
and, with sufficient amounts of air quality data, can be
directly related to ambient air quality standards. Their
chief drawbacks are that they require a relatively large
commitment of scarce resources and that they do not provide
sufficient information to differentiate the impact of one
operation from another within a source.

For scientific and legal purposes, all samples and
their analyses should be carefully documented. It is




particularly important that careful records be maintained on-
the standards and frequEncy of equipment calibration, and
limits should be placed on sampling methods in order to
obtain credltable results.

An existing ambient air monltorlng network can be used
initially to determine two things: (1) the general air
quality of the area and (2) the general location of the
predominént_sources of emissions. The general air quality
is determined by taking the annual arithmetic or geometric
mean of all samples taken at each site. The general loca-
tion of predominant sources is determined by observing the
pollution roses of all sampling sités. The largest pollu-
tion gradients of each rose will extend toward the sources
having the most significant effect on each site. Care
should be taken to use only days of persistent wind in
pollution roses in order to be sure that the measured con-
cehtrations are representative of the contributions from
sources in each direction. It can also be determined
whether or not specific sources contribute to concentrations
measured at a given site by use of a tracer.

A suspected polluter will warrant more detailed sam-
pling of its emissions. Typically, samplers are located on
the perimeter of the plant property at points dlrectly
upwind and downwind of the source. The total contribution
of the source to the local air quality is determined by
taking the difference of concurrent samples at these upwind/
downwind sites. Process emissions can be evaluated at the
. source by using methods outlined in AP-42., The impact of
these emissions can then be estimated at the downwind sam-
pler by modeling. This calculated impact is subtracted from
the value previously obtained from the perimeter samplers_
résulting in an estimate of the impact of fugitive emissions

from the source at the downwind sampler.
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This analysis will indicate whether or not fugitive
emissions are a significant percentage of the total emis-
sions. This analysis, however, cannot indicate what gquan-
tity each fugitive source contributed to the air quality at
the perimeter, but serves only as an indicator that a
fugitive emissions problem exists. '

In performing this type of analysis, Texas requires the
following information:

° layout or map of source processes,

° process descriptions (emission estimates and
control efficiencies),

° location of samplers with respect to the source,

° concurrent upwind and downwind perimeter hi=-vol
samples,

e associated meteorological data (wind speed and

direction),
° any operations which may significantly bias a
given sampler.
The following upwind-downwind model regulation and
definitions are patterned after the Texas regulation:
Upwind-Downwind Regulation

No person may cause, suffer, allow, or permit indus-
trial process fugitive particulate emissions from a building
or unenclosed process operation to exceed any of the follow-
ing net ground-level concentrations:

105.21 One hundred (100) micrograms per cubic meter
(ng/m3) of air sampled, averaged over any
five (5) consecutive hours.

105.22 Two hundred (200) micrograms per cubic meter
(ug/m3) of air sampled, averaged over any
three (3) consecutive hours.

105.23 Four hundred (400) micrograms per cubic meter
(tg/m3) of air sampled, averaged over any one
(1) hour period.




Definitions

from a source or sources on a property as measured at
or beyond the property boundary.

Net Ground-Level Concentration - The upwind level
subtracted from the downwind level.

Upwind Level - The representative concentration of air
contaminants flowing onto or across a property as
measured at any p01nt.

5.5.3 8pecified Performance Standards

Performance standards are specifications as to the ways
certain fugitive emission sources should be constructed or
'operated. This concept evolves from the fact that there are
no feasible ways to measure the amount of dust being emitted
by most fugitive dust sources, hence no way to establish
quantitative emission standards for those sources. As a
result, the concept suggests that ways of controlling emis-
sions should be specified rather than allowable amounts of
emissions. _ | B

Performance standards sﬁffer from the fact that they
~either require a very detailed, not' readily available, and
constantly changing knowledge of source-receptor relation-
ships or else they are so vague as to almost mean all things
to all people. Where adopted, however, they are easily and
objectively enforced by visual observation and scanning of
maintenance records.

The "reasonable precaution" regulation suggested by the
EPA and adopted by most states sets forth several control
techniques for géneral application. This type regulation is
difficult to enforce since reasonable precautions are not _
specifically defined. It is particularly difficult to apply
When a company has attempted to control-a_SOurce but the
controls are inadequate, because it must be proven.that'the
precautions were not reasonable,




The broad "reasonable precaution" regulation has the
advantage, however, of limiting a variety of common fugitive
dust emissions from industrial processes which cannot be
readily controlled under other types of regulations. Emis-
siong from sources such as plant haul roads, storage piles,
transfer points and waste disposal sites are not amenable to
either visible emission regulations or fence-line measure-
ments. Visible emissions are virtually impossible to elimi-
nate from sources such as these, and fence-line measurements
cannot accurately identify the impact these sources will
have when other emission sources are present.

Regulations specifying control equipment are generally
effective only when directed at particular industries and
emission sources. These requlations are inflexible to
changing control technologies, and industries often hesitate
to install additional control equipment if the existing
control equipment required by the regulation is inadequate.
These disadvantages can be largely avoided, however, by
permitting the Agency to specify control equipment and
operating conditions as a condition to obtaining construc-
tion and operating permits. The periodic renewal of these
permits will allow the Agency to monitor fugitive emission
sources in each industry and update the control techniques
required to meet ambient air standards.

The following model regulation is a combination of
existing regulations and is intended to avoid many of their
disadvantages while retaining the advantages. It is di-
rected primarily at common fugitive dust sources from indus-
trial processes, but may also be applied to the broad range
of fugitive particulate emissions from industrial processes.

Also included is a portion of the Illinois General Air
Pollution Regulation, Rule 103, which prohibits any person




from operating any new or existing emission source without
first obtaining an operating permit.
Performance Standard Regulation

(a) No person shall operate or maintain, or cause to
be operated or maintained, any premise, open area, right-
of-way, storage pile of materials, or any other industrial
process that involves any handling, transporting, or dispo-
sition of any material or substance likely to be scattered
by the wind, without taking reasonable precautions, as
approved by the Agency, to prevent particulate matter from
becoming airborne. '

(b) In determining what is reasonable, consideration
shall be given to factors such as the proximity of dust-
emitting operations to human habitations and/or activities
and atmospheric conditions which might affect the movement
of particulate matter.

(¢) Some of the reasonable precautions may include,
but are not limited to, the following:

Application of asphalt, oil, water, or suitable chemi-
cals to, or covering of dirt roads, material stock-
piles, and other surfaces which can create dusts.

Installation and use of hoods, fans, and fabric filters
or equivalent systems to enclose and vent the handling
of dusty materials. Adequate containment methods
should be employed during sandblasting or other opera~
tions. :

Covering, at all times when in motion, open—bodied
trucks transporting materials likely to give rise to
airborne dusts.

Paving of roadways and‘maintaining them in a clean

condition.

(d) In obtaining Agency approval under subsection (a)
of this section, the Agency may impose any operating condi-
tion it deems necessary to attain and maintain compliance
with the provisions of this section.
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Permit Re‘gulation1

(b) Operating Permits.

(1) New Emission Sources and New Air Pollution
Control Equipment:

Prohibition. No person shall cause or allow the
operation of any new emission source or new air pollu-
tion control equipment of a type for which a Construc-
tion Permit is required by paragraph (a) of this Rule
103 without first obtaining an Operating Permit from
the Agency, except for such testing operations as may
be authorized by the Construction Permit. Applications
for Operating Permits shall be made at such times and
contain such information (in addition to the informa-
tion required by paragraph (b) (3) of this Rule 103) as
shall be specified in the Construction Permit. :

(2) Existing Emission Sources:

Prohibition. No person shall cause or allow the
operation of any existing emission source or any exist-
ing air pollution control equipment without first _
obtaining an Operating Permit from the Agency no later
than the dates shown in the following schedule:

(7) Conditions. The Agency may impose such condi-
tions in an Operating Permit as may be necessary to
accomplish the purposes of the Act, and as are not
inconsistent with the regulations promulgated by the
Board thereunder. Except as herein specified, nothing
in this Chapter shall be deemed to limit the power of
the Agency in this regard. When deemed appropriate as
a condition to the issuance of an Operating Permit, the
Agency may require that the permittee adequately main-
tain the air pollution control equipment covered by the
permit. To assure that such a maintenance program is
planned, the Agency may require that the permittee have
a maintenance program and keep such maintenance records
as are necessary to demonstrate compliance with this
Rule; provided, however, the Agency shall not have the
authority to approve the maintenance programs required
thereunder. '

Illinois General Air Pollution Regulation, Rule 103.




5.5.4 Enforcement Technigues

Violation of the air pollution control regulations may
be penalized under the criminal code or enforced by a civil
suit. Michigan, for example, uses both types of enforcement
techniques. While the criminal code makes it possible for
an Agency to react quickly to a violation, it does not
directly prevent further violations. A civil suit is more
time consuming but allows both temporary and permanent
injunctions against further violations. The civil suit has
been successfully used in Michigan to address the pollution
problem of an industrial complex as a whole. Such actions
are often settled by a consent order.

Below is a .partial abstract from the Air Pollution
Control Regulation:of Wayne County, Michigan.2

° Section 14.1 Penalties: Any person or any person
acting in behalf of said person in an employee,
agency, or contractural relationship violating any
of the provisions of this Regulation shall upon
conviction be subject to a fine or imprisonment or
both as provided by law.

° Section 14.3 Injunctive Proceedings: Whenever any
person has been found to have repeatedly violated
provisions of Article VI of this Regulation, the
Director may upon written approval of the Board of
Health commence appropriate civil legal action in
a court of competent jurisdiction in the name of
the County to enjoin and restrain further continu-
ance of such violation.

The state of Michigan enacted a civil statute in 1970
to protect the air, water and other natural resources. A
partial abstract of that statute follows:3

2 Wayne County Air Pollution Control Regulation, Article XIV.

The Thomas J. Anderson Gordon Rockwell Environmental
Protection Act of 1970. State of Michigan.




Section 2. (1) The attorney general, any political
subdivision of the state, any instrumentality or
agency of the state or of a political subdivision
thereof, any person, partnership, corporation,
asgociation, organization or other legal entity
may maintain an action in the circuit court having
jurisdiction where the alleged violation occurred
or is likely to occur for declaratory and equi-
table relief against the state, any political
subdivision thereof, any instrumentality or agency
of the state or of a political subdivision thereof,
any person, partnership, corporation, association,
organization or other legal entity for the pro-
tection of the air, water and other natural re-
sources and the public trust therein from pollu-
tion, impairment or destruction.

° Section 4. (1) The court may grant temporary and
permanent equitable relief, or may impose condi~
tions on the defendant that are required to pro-
tect the air, water and other natural resources or
the public trust therein from pollution, impair-
ment or destruction.

5.6 EVALUATION OF ENFORCEMENT PROCEDURES
5.6.1 Nuisance Regulations

Nuisance regulations have been found ineffective in
providing a comprehensive control program for fugitive par-
ticulate emissions from industrial processes. This type of
regulation can be useful in cases where the emission source
can be specifically identified and when the source is agree-
able to minimizing emissions. However, nuisance regulations
are difficult to enforce since no general definition of
nuisance exists and each case must be proved separately. If
a nuisance regulation is deemed desirable, however, the
regulation should state what acts constitute a nuisance by,
for example, specifying necessary operating conditions.
5.6.2 Visgible Emission Regulations

A major advantage of a visible emission regulation is
its relative ease of enforcement. There are only three
basic elements involved in proving an opacity violation:
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° establishlng the legal validity of the v151b1e
emission standard

e presenting the method by which observers are
trained

° presenting'testimony of the observer who made the
readings by which a particular source is found in
violation

The legal validity of existing opacity régulations is
well established in view of the many state and local air
pollution control programs throughout the country which have
adopted opacity regulations and the large number of court
cases which have upheld opacity standards. There is every
reason to believe that the model visible emission fegulation
would fare at least as well in the courts since the regula-
tion largely eliminates one of the major objections raised
by critics of the opacity standard. By prohibiting all
visible emissions, the model visible emission regulation
does not require an observer to numerically evaluate the
opacity of an emission and thereby eliminates the subjec-
tivity inherent in such observations. | '

In enforcement actions, it is imperative to demonstrate
that the observer had the proper foundation and training to
make accurate readings. While this evidence will be less
significant in actions involving the model visible emission
regulation, it is, nonetheless, essential that the observer's

.expertiSe and objectivity be firmly‘eétablished. .One method
of presenting these data is through the testimony of a'smqke
school instructor setting out in detail how smoke'schools
are conducted and observers trained. Testimony should
emphasize that opacity and visible emission readings are
based on specialized training rather than haphazard guesses.

The testimony of the observer is the major thrust of an

enforcement action. It is not necessary that the observer




have the details of each reading memorized. In fact, it is
preferable that the observer prepare observation record _
forms at or near the time of the events in gquestion to which
he can refer at the time of trial. The original forms are
admissible in evidence and aid in substantiating a violation.
Photographs are also useful in showing meteorological and
topographical conditions around the emission source at the
time of the event. In addition, if there is any steam
present, the pictures can show where it dissipates. The
observer should read a wet emission at the point of dissipa-
tion.

5.6.3 Fence-Line Regulation

In implementing and enforcing a fence-line or upwind-
downwind regulation, every test should be conducted as if it
will ultimately be used as evidence in court. . The collec-
tion and analysis of jurisdictional samples should become a
routine matter to the agency personnel involved. However,
it must be remembered that this routine procedure is eso-
teric to the layman and, therefore, is subjected to greater
scrutiny whenever the agency has to rely on these results.
It is imperative that sampling and analysis be done under
standard procedures and that each step be well documented.
In short, the report may ultimately be subjected to the
requirements of the Rules of Evidence.

In attacking the validity of the sampling results, the
adverse party will concentrate on four main items relative
to taking the sample: (a) the sampling procedure, (b) the
recorded data and calculations, (c) the test equipment, and
(d) the qualifications of the test personnel.

The agency must keep in mind the possibility of adverse
inferences that may arise from the use of unorthodox or new
procedures. Therefore, deviations from the standard proce-
dure must be kept to a minimum and applied only where




absolutely necessary to.obtain an accurate sample. Changes
in methodology must be based on sound ehgineering judgment
and must be carefully documented. Standard procedures which
should receive particular attention include:

(a) Location of sampling station(s),

(b) Records of meteorological conditions,
(c) Use of recommended sampling equipment,

(d) Careful determination of gas flow rate and sample

(e) Noting of any unusal conditions which may affect
sample, : _

(f) Proper handling of the collected sample and re-
cording of container and filter numbers. -

'5.6.4 Specified Pérformance Standards

Specific regulations listing operating conditions or
control techniqgues are relatively easy to enforce. Since
this regulatory approach is most effective when applied to
specific sources, communication with industry and trade
associations may be helpful in assessing reasonable control
technologies. There easily may be conditions or control.
techniques peculiar to certain areas of the country and
certain types of sources. Similarly, it may be useful to
have industry trade associations comment on regulations
early in their development. _

Section 5.5 presents a series of "model" regulations
applicable to IPFPE sources. The reasonable precautions set
forth in the model regulation are intended only as a general
guideline and should not be relied upon for enforcement
purposes. The main thrust of the regulation is the pro-
vision for agency approval of control techniques of each
source and the incorporation of conditions into operating
permits. '
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APPENDIX A
GLOSSARY OF PERTINENT TERMS

Following is a tabulation of key terms which will be
utilized throughout this guidance document. By no means is.
this listing intended to be all-inclusive of the entire body
of air pollution terminology. Definitions are supplied in
order to clarify our intended meaning as well as to prevent
possible misconceptions.

Administrator - Administrator of the U.S. Environmental
Protection Agency or his authorized representative.

Aerosol - A dispersion of solid or liquid particles of
e e b em—— 4 » . »

microscopic size 1n a gaseous medium, such as smoke,
fog or mist.

Affected Facility - With reference to a stationary
source, any apparatus to which a standard is applicable.

Air Quality Control Region (AQCR) ~ The basic geo-
graphic area on which air pollution control strategies
are formulated. The AQCR boundries are designated as
much as possible to be consistent with the air shed
concept. That is, the sources in a given area share a
common air mass and the air quality is a result of the
emission contribution of all the sources in that area.
EPA, agsisted by the states, has divided the country
into 247 AQCR's. A region may cover only part of one
state or it can include portions of several states
which share a common air pollution problem.

Air Quality Maintenance Plan (AQMP) - A control strategy
designed to ensure that once an air quality standard is
attained, pollutant levels will not increase to levels
that would again exceed the prescribed air quality
standard. Part of the State Implementation Plan.




Alternative Method - Any method of sampling and analyzing
for an air pollutant which is not a reference or equiva-
lent method but which has been demonstrated to the
administrators satisfaction, in specific cases, to
produce results adequate for his determination of
compliance.

Ambient Air - That portion of the atmosphere, external
to buildings, to which the general public has access.

Area Source - A category of emitters that are indivi-
dually minor but sufflclently numerous and w1de5pread
that their combined emissions are significant, i.e.,
automobiles. :

Background Concentration/Background Level - Ambient
concentrations which are caused by natural sources of
pollution. In some cases, background may also include
man-made pollutants advected into the area. Background
is often used to denote those concentrations which are
uncontrollable, either because they are of natural
origin or because they are transported from another
area not subject to the jurisdiction of the alr pollu-
tion control agency.

Best Available Control Technology (BACT) - The best
system of emission reduction which (taking into account
the cost of achieving such reduction) the administrator
determines has been adequately demonstrated. '

Collection Efficiency ~ The percentage of a specified
substance, gaseous or partlculate, retained on passage
through a sampling device or emission control equip-
ment.

Collector - A device for remdvihg'and retaining con-
taminants from air or other gases. Usually this term
is applied to cleaning devices in exhaust systems.

' Compliance Schedule - A 1egally enforceable schedule
specifying a date or dates by which a source or category
of sources must comply with specific emission standards
contained in a plan or with any increments of progress
to achieve such compliance.




Control Agency (Air Pollution) - State or local agencies
with designated authority as official air pollution
control bodies for those areas.

a broader program of air resource management that
collectively are directed toward the reduction of
excessive emissions of pollutants; the regulatory
. aspects of an air resource management program.

Control Strategy - A combination of measures designated
to achieve the aggregate reduction of emissions neces-
sary for attainment and maintenance of National Ambient
Air Quality Standards.

Control Systems - Operating procedures or devices
specifically designated to achieve the aggregate
reduction of emissions necessary for attainment and
maintenance of National Ambient Air Quality Standards.

Control Systems - Operating procedures or devices
specifically designed and maintained for the purpose of
reducing the amount of air pollutants emitted to the
atmosphere.

Effective Stack Height -~ The height above the ground at
which the emission plume becomes essentially level.

Emission Control Equipment - Equipment used to control
emissions of air pollutants by either collection of the
pollutants or conversion of them to less objectionable
forms.

Emigsion Factor - An estimate of the rate of which a
pollutant 1s released to the atmosphere as a result of
some activity such as combustion or industrial produc-
tion, divided by the level of activity.

Emission Inventory - A compilation of all emissions for
a specified area. The inventory is broken down into
various source categories, which may be further sub-
divided to give a very accurate picture of the sources
of air pollution in the area.

Emission Point/Discharge Point - The point of temporary,
intermittent, or continuous release of foreign matter
to the air, or matter that is common to the air but in
an amount, form, or location such as to give the common
matter special significance.




Emigsion Standard - A part of a legally enforceable
regulatlon setting forth an allowable rate of emissions
into the atmosphere or prescribing equipment specifica-
tions for control of air pollution emissions.

Equivalent Method - Any method of sampling and analyzing
for air pollutant which has been demonstrated to the
administrators satisfaction to have a consistent and
quantitatively known relationship to the reference
method under specified conditions.

Existing Facility - With reference to a stationary
source, any apparatus of the type for which a standard
applies and the construction or modification of which
wags commenced before the date of proposal of that
standard, or any apparatus which could be altered 1n
such a way as to be of that type.

Federal Reference Method (FRM) - Any method of sampling
and analyzing for an air pollutant, as established by
the U.S. Environmental Protection Agency, in the
appropriate Part of Subchapter C - Air Programs of
Chapter 1 - Environmental Protection Agency of Title 40
Protection of the Environment.

Fugitive Dust ~ A type of partlculate emission made
airborne by forces of wind, man's activity or both,
such as unpaved roads, constructlon sites, tilled land
or w1ndstorms.

Fugitive Emissions - Particles which are generated by
industrial or other activities and which escape to the
atmosphere not through primary exhaust systems, but

through openings such as windows, vents or doors, ill=-
fitting oven closures, or poorly maintained equipment.

Ground Level Concentration - The mass per unit volume
of solid, liquid, or gaseous material in micrograms
per cublc meter of air, measured from 0 to 2 meters
above the ground.

Hazardous Air Pollutant - Under Section 112 of the Clean .
Air Act, an air pollutant to which no ambient air quality
standard is appllcable and which may cause, or contri-
bute to, an increase in mortallty or an increase in
‘'serious irreversible, or 1ncapac1tat1ng reversible
illness.




High Volume Sampler (Hi-Vol) - A device for collecting
fine suspended particulate matter by drawing air
through a filtering medium. The Federal Reference
Method for Total Suspended Particulates.

Impactor — A sampling device that employs the principle
of impaction (impingement). The cascade impactor is a
specific instrument that employs several impactions in
series to collect successively smaller sizes of particles,
Instantaneous Sampling (Grab Sampling) - Obtaining a
sample in a very short period of time, such that this
sampling time is insignificant in comparison with the
duration of the operation or the period being sampled.

Intermittent Sampling - Sampling successively for
limited periods of time throughout an operation or for
a pre-determined period of time. The durations of
sampling periods and of the intervals between are not
necessarily regular and are not specific.

Line Source -~ A source of air pollutants as may be
depicted in a diffusion model by a straight line con-
figuration. Examples are streets, highways, closely-
spaced multiple stacks, airport runways, and aircraft
flight paths.

Membrane Filter - Controlled pore filters commonly
composed of cellulose esters. They can be manufactured
with uniformly controlled pore size. Nylon mesh may be
used for reinforcement. Types commonly used for air
sampling have a pore size of about 0.45 to 0.8 microns.
The pores constitute 80 to 85 percent of the filter
volume. Because of electrostatic forces and the forma-
tion of a precoat of collected particles on the surface,
these filters can collect particles down to about 0.1
microns in diameter.

Mixing Height - Height to which a pollutant can be
expected to mix vertically as determined by the lapse
rate and/or turbulence.

Model/Modeling - A mathematical or physical representa-
tion of an observable situation. 1In air pollution
control, models afford the ability to predict pollutant
distribution or dispersion from identified sources for
specified weather conditions.




National Ambient Air Quality Standards (NAAQS) - A
Tegal 1limit on the level of atmospheric contamination
necessary to protect against adverse effects on public
health and welfare. Primary standards are those
related to health effects. Secondary standards are
related to protection against adverse welfare effects.

" New Source - Any stationary source, the construction or
modification of which is commenced after proposal of
any applicable regulation.

" Nuisance - Whatever is injurious to health, indecent,
or offensive to the senses, or an obstruction to the
free use of property, so as essentially to interfere
with the comfortable enjoyment of life or property.

Opacity - The degree to which emissions reduce the
transmission of light and obscure the view of an object
in the background.

Particulate Matter/Particulate - A finely divided solid
or liquid material, other than uncombined water, as
measured by a Federal reference method. Particulate
matter in the ambient air is most often measured by the
high-volume sampling technique and expressed in concen-
tration units of pg/m3. See Total Suspended Particu-
late (TSP). ‘

Particle Size - An expression for the size of liquid or
solid particles expressed as the average or equivalent
diameter.

Particle Size Distribution - The relative percentage of
weight or number of each of the different size frac-
tions of particulate matter. :

Point Source - A source of pollutant emission specifi-
cally identified in an emission inventory, as opposed
to area sources, which are dealt with by summing the
emissions of numerous smaller sources. A point source
is often defined by the Environmental Protection Agency
reporting requirement as a source that emits more than
100 tons per year of any one pollutant.

Process - Any action, operation or treatment, and all
methods and forms of manufacturing, fabricating or
handling.




Process Emission Source - One or more units of proc-
essing equipment which may be operated independently of
other parts of the operations at any given manufacturing
or processing facility and which may emit smoke, parti-
culate matter, gaseous matter or other air contaminent,
Also, where it is common practice to group more than

one unit of like or similar processing equipment to-
~gether and to apply a single or combined unit of air
pollution control equipment to the emissions of the
entire group.

" Reasonably Available Control Technology (RACT) - On
existing stationary sources, the extent Of emission
control technology determined by case-by-case analyses
to be economically and technologically reasonable
requirements for emission control.

Re-Entrainment - The resuspension in the atmosphere of
particles from streets, rooftops, etc. by wind, passing
vehicles or other such forces.

Reference Conditions - EPA requires that all measure-
ments of air quality be corrected to a reference
temperature of 25°C and to a reference pressure of 760
millimeters of HG(1,013.2) millibars.

Settleable Particulate - Particulate matter which is
emitted into the atmosphere such that it may deposit
onto horizontal surfaces due to gravitational settling.

State Implementation Plan (SIP) - A document prepared
by each state, as required by the Clean Air Act,
describing existing air quality conditions and setting
forth a program to attain and to maintain National
Ambient Air Quality Standards.

Stationary Source - Any building, structure, facility,
or installation which emits or may emit any air pol-
lutant and which contains any one or combination of the
following: (1) affected facilities, (2) existing
facilities, and (3) facilities of the type for which no
standards have heen promulgated.

Suspended Particulate - Particulate matter which will
remain airborne for an appreciable period of time.

- Total Suspended Particulateg (TSP) - A criteria pol-
lutant for which National Ambient Air Quality Standards
have been established.
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Appendix B contains two separate listings of chemical
suppressants. Table B-1l presents limited information on
various chemical suppressants concerning product type,
costs, uses, and application rates. Information was obtained
from contractor in-house files and follow up questionnaires
to several of the chemical producers. Information presented
is as complete as was made available by the producers.

Table B-2 presents a partial lists of selected soil stabili-
zing chemicals and their resultant control efficiencies.

The reference to or mention of manufacturers and their
products in Tables B-1 and B-2 does not constitute an
endorsement of such manufacturers or their products by the
U.S. Environmental Protection Agency.
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Table B-2. SOIL STABILIZING CHEMICALS

AND CONTROL EFFICIENCIES1
Dust Suppression Chemical
(water plus as listed) Control Efficiency (%)
1. Dustrol "A"™ 1:5000 -7.8
2, T-Det 1:4 76
3. Ca0 1% 2.8
4. CaCl, 2% 33.8
5. Cements 5% 26.8
6. Coherex 1:15 22,5
7. Coherex 1:8 | 15.5
8. Coherex 1:4 97.2
9. Dowell Chemical Binder 1% 70.4
10. Dowell Chemical Binder 2% 97.2
11. Dowell Chemical Binder 3% 97.2
12. 1% CaClz, in 1:5000 Dustrol "A" 15.5
13. 1% CaO in 1:8 Coherex 31
14. 1% Ca0 in 2% Dowell Chemical 95,1
Binder
15. 1% Ca0O in 3% Dowell Chemical 8l1.7
Binder
16. Dried Whole Blood 5% 27.1
17. Dried Pork Plasma 5% 79
18. Dried Pork Plasma 3% 96
19. 1% CaCl2 in 3% Pork Plasma 52
20. Dri-Pro 5% 7
21, 1% CaO, 1:3000 T-Det in 2% 98.6
Dowell Chemical Binder
22, 1% Ca0, 1% CaCly, 1:4000 98.6
Dustrol "A" + 2% Dowell
Chemical Binder
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APPENDIX C
EXAMPLE OF PRELIMINARY DISPERSION ANALYSIS

- Introduction

Suggestions for applying preliminary, short-term,
dispersion modeling to sources of industrial process fugi-
tive particulate emissions (IPFPE's) are presented in
Section 4.2, A case example of such modeling is presented
here. This example is presented for the purpose of illus-
tration only. The situation that is modeled, a cement
plant, is hypothetical. The plant layout, the characteris-
tics of the sources, and the emission rates are assumed.
The specific procedure is not recommended as necessarily the
best approach to similar actual problems. The attention of
the reader is therefore directed to the éonceptual basis of
the approach, and to the general rationale, rather than to
the numerical details. The reader should also bear in mind
that the modeling analysis is of the simple, preliminary
type as discusséd in Sections 4.2 and 4.2.1. It does not
consider the complicating factors (Section 4.2) that can be
associated with the modeling of IPFPE's,

"Model Application
The hypothetical cement plant was modeled using PTMTP,

a generally available dispersion model, which is referred to
in Section 4.2.,1. PTMTP is a multiple-point, multiple-
receptor model that calculates concentrations for as many as
24 consecutive hours of meteorological data input. It is
designed for application to point sources only. This limi-
tation presents a problem, since many of the IPFPE sources




in cement plants have a significant three-dimensional extent.
This problem was addressed by modifying PTMTP so that such
sources could be modeled as pseudo point sources, located at
the centers of the actual sources, with prescribed initial

- Plume dimensions in the vertical and horizontal crosswind
directions. It was possible to define a crosswind direction
because of the assumption of a prevailing wind direction
(west to east) during the 24-hour period (see Meteorological

Assumptions below). The assignment of initial plume dimen-
sions is a means of accounting for the fact that the IPFPE's

are initially dispersed at their origins. These initial

Plume dimensions are defined by the dimensions of the source
itself and/or the nature of the physical process generating
the emissions. 1In this analysis, the initial plumes were
assumed to be distributed normally (Gaussian distribution)
about the pseudo point sources in the vertical and hori-
zontal crosswind directions. This permitted the initial
plumes to. be described by assigning initial values to the
vertical and horizontal crosswind dispersion coefficients
(ozb and cyo respectively). These values were determineg by
dividing the initial plume dimensions by the factor 4.3,

The values of,cryo and-czo were input to PTMTP along with the
other physical parameters for each source.

The length and orientation of one IPFPE source--a haul
road--was such that it was necessary to segment the source
along its length and then to treat each segment as a pseudo
point source as described above. For all other elongated
sources, very little error was introduced by approximating
each as a single point source located at the midpoint.

é Ref. No. 2, p. 39.

" of PTMTP.




The hypothetical cement plant is depicted in Figure 1.
The sources that were considered in the modeling are denoted
by the encircled numbers 1 through 25. The sources (point
or pseudo point) are assumed to be located at the centers of
the circles. The source characteristics are detailed in
Table 1. _ _

As indicated in Table 1, Sources 1, 7, 9, and 12 are
conventional (rather than IPFPE) sources. They are also
"true" point sources (no initial plume dimensions) and have
clearly defined vertical velocities, temperatures, and stack
diameters. These sources were modeled by PTMTP in the
traditional manner. All other sources in Table 1 are IPFPE
sources. Of these, Sources 2, 8, 10, 11, 14 through 23, 24,
and 25 have initial plume dimensions as discussed above.

The remaining IPFPE sources (3 through 6, 13) do not have
such initial dimensions. Sources 3 through 6 are small,
circular, roof monitors, while source 13 is an elongated
roof monitor which is approximated at its midpoint as a
point source without initial dimensions.

The IPFPE's were assumed to be emitted at very low
vertical velocities and at temperatures at or very near the
temperature of the ambient air. Thus,'they_were assumed to
undergo no plume rise, but rather, to vertically and hori-
zontally disperse along the axis of the wind about a center-
line height given by the assumed release height. To ensure
that the model would treat the IPFPE sources in this manner
and at the same time satisfy the data input requirements, of
PTMTP, aftifical values were assigned for the exit velocity,
temperature, and "stack" diameter of these sources (Footnote
b, Table 1). The "stack" temperature was set at 304°K
because this satisfies the input requirement that stack
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-temperature be greater than the temperature of the amblent
alr (see Meteorological Assumptlons, below).

With reference to Table 1 and Figure 1, the individual
sources are briefly discussed as follows: -

°  Sources 1, 7, 9, and 12: self-explanatory.

° Source 2: the ends of the raw materials storage
building are open. The (windblown) emissions exit
the east end because the wind is assumed to blow

"generally from west to east during the modeling
period. The emissions are assigned a release
height of 10 meters and initial plume dimensions
equal to the dlmen31ons of the end of the open

bulldlng.
° Sources 3-6: discussed above.
e Sources 8 and 10: the dumping occurs at ground

level. The initial plume that is generated by the
dumping is assumed to cover a l0-meter square area
and have a depth of 5 meters.

° Source 11: the emissions are assumed to exit

: through several exhausts in the sides and roof of
the building. The emissions are assigned a re-
lease height of one-half the building helght.
From this point the emissions are assumed to be
initially dispersed (normally) about the east end
of the building so that the initial plume dimen-
sions correspond to the dimensions of the building

itself.
@ Source 13: discussed above.
° Sources 14 through 23: Each is the midpoint of 10

‘equal segments of the road. The emissions are
assigned a release height of zero, an initial
plume (crosswind) width equal to the width of the
road (20 meters), and an initial depth of 5 meters.

- The initial depth is attributable to the turbu-
lence generated by the truck traffic that glves
rise to the emissions. - :

° Source 24: These emissions originate above ground

' level (10 meters) from the dumping of materials
from conveyors onto storage piles. From this
height, the emissions are assumed to be vertically




dispersed due to aerodynamically induced turbu-
lence so that the plume has an initial dimension
from the surface to a height of 20 meters. The
initial horizontal dimension (50 meters) is the
width of the area itself.

Source 25: these emissions originate from wind
erosion at the tops (9 meters) of the coal piles.
For the same reason as described for the quarry
emissions, the coal pile emissions are assigned an
initial vertical dimension from the surface to a
height of 18 meters. The initial horizontal
dimension (70 meters) is the width of the storage
area itself. '

The purpose of the modeling analysis was to estimate
the 24-hour average impact of the IPFPE sources under condi-
tions approximating the "worst case." Consistent with this,
a reasonable worst-case set of meteorological data was
synthesized for input into PTMTP. (For application to
actual situations, such a data set should be derived from a
study of meteorological records in the area in question).
The data set consists of 24 hourly (midnight-to-midnight)
values of wind speed, wind direction, atmospheric stability
(Pasquill-Gifford), and mixing height. The data set is
shown in Table 2. | |

The worst-case prevailing wind direction was taken as
being along the long axis of the plant, from west to east (a
wind from the west has a direction of 270°). Realistically,
of course, a precise wind direction does not prevail for an
entire day; therefore, the assumed winds were allowed to
vary within a 30° sector (centered about 270°). This is a
realistic worst-case assumption for wind-direction persis-
tence. Clearly, wind-direction persistence contributes to
higher, time-averaged, downwind impact. The wind speed was
assumed to be light-to-moderate, varying in the 2.5 to 5.5
m/sec (5.6 to 12,3 mph) range during the period. This range




Table 2. ASSUMED METEOROLOGICAL CONDITIONS -

. Winq a Winq_ L Miging Ambient
Hour | direction, velocity, | Stability | height, temperatures,
No. degrees M/sec class M °K
1 261 2.5 4P 1000 299
2 256 3.0 4 1000 299
3 268 | 3.0 4 1000 298
4 1260 3.5 4 1000 298
5 267 3.0 4 1000 297
6 255 2.5 4 1000 | 297
7 258 3.5 4 1000 297
8 263 3.0 4 1000 299
9 268 4.0 4 1000 300
10 272 5.0 4 1000 301
11 281 5.5 4 1000 | 301
12 276 5.5 4 1000 302
13 268 4.5 4 1000 302
14 285 5.5 4 1000 302
15 273 5.0 4 1000 303
16 278 4.5 4 1000 303
17 270 5.5 4 1000 302
18 279 5.0 4 1000 302
19 264 4.0 4 1000 301
20 271 3.5 4 1000 | 300
21 260 3.0 4 1000 300
22 270 3.5 4 1000 1299
23 258 4.0 4 1000 - 299
24 268 3.0 4 1000 299

8 pirection from which the wind is blowing.
Numerical equivalent of Pasquill-Gifford "D".




of wind speeds is a reasonable worst-case assumption in that
(1) it is sufficiently low to result in a relatively high
ambient impact for the low-level IPFPE sources, (2) it is
sufficiently high to be consistent with the high direction
persistence described above, and (3) it is sufficiently high
for the expectation of wind-erosion emissions (e.g., from
coal storage, raw materials storage).

'Atmospheric stability was assumed as "neutral" (Pasquill-
Gifford Class "D") for the 24-hour period. Physically, this
represents a period when the sky is overcast during the
entire time. This type of meteorological situation is much
more likely to have the light, direction-persistent, winds
described above than is the more common situation of vari-
able, partial cloudiness. The latter is typically charac-
terized by large differences in wind direction between the
nocturnal (stable) and the daytime (unstable) periods.
Moreover, during each period there is typically a large
hour-to-~hour variation in the wind direction, especially
when the speeds are relatively low. Thus, for the 24-hour-
average impact of low-level sources, neutral stability is a
logical worst-case assumption.

The assumptions of temperature and mixing height are
not critical for assessing the close-in impact of low-level,
non-buoyant sources. Representativé values (Table 2) were
chosen to satisfy the input requirements of the model.

The Receptor Array
Thirty receptor locations, the maximum number allowable

in PTMTP, were selected for the calculations of ambient
impact. The receptor array is depicted in Figure 2. Ten
equally spaced receptors were placed along the eastern fence
line of the plant. Parailel rows of 10 each were also
placed 1/2 kilometer and 1 kilometer farther downwind. . The
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receptor rows were designed so as to straddle the expected
axis of maximum impact. The receptor array was designed to
fan out with increasing distance in a manner consistent with
the variation of the wind direction during the period. The
highest impact of the IPFPE sources (excluding the impact on
plant property) was expected at the fence line. The recep-
tors farther downwind were included in order to estimate the
rate at which the impact decreases with downwind distance.

" Results

The results of the modeling are depicted in Figure 3.
The maximum 24-hour ground-level concentration resulting
from the contribution of all sources at the plant is 782
ﬁg/m3. This occurs at Receptor 5 (Figure 3), which is at
the plant fenceline along the expected axis of maximum
concentration. The maximum impact decreases rapidly as the
distance from the plant to the receptor increases. Proceed-
ing eastward from Receptor 5, the 24-hour ground-level
concentrations at Receptor 15 (1/2 km) and Receptor 25 (1
km) are 251 ug/m and 128 ug/m , respectively.

The contribution of each source to the total plant
impact is presented on a receptor-by-receptor basis in Table
3. ‘At Receptor 5, IPFPE sources contribute nearly 100
percent of the impact. Of this, approximately 53 percent is
contributed by the raw materials storage building (Source Z2)
while the quarry (Source 24) accounts for 17 percent (136
ug/m ). The roof monitor for the clinker storage building
(Source 13) contributes 14 percent (108 ug/m ) of the impact
at Receptor 5 and contributes 130 ug/m3 at Receptor 7. Coal
dumping contributes 7 percent (55 ug/m ) of the impact at
Receptor 5, whlle the haul road emissions contribute about 2
percent (19 ug/m ) of the impact at Receptor 5 and 39 ug/m
at Receptor 4.
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At a distance of 0.5 km from the plant property line,
the IPFPE sources contrlbute 96 percent of the maximum
impact (Receptor 15). Of this, the raw materials storage
building contributes nearly 51 percent (128 pg/m3) At a
distance of 1.0 km the raw materlals storage bulldlng con-
tributes 52 percent (67 ug/m ) of the maximum 1mpact (Recep-
tor 25). IPFPE sources in all contribute nearly 95 percent
of the total calculated ground level concentratlon at Recep-
tor 25, _ - _ _ |

Emissions from the kiln stack'(24.31‘g/sec) exceed that
of all of the IPFPE sources combihed yet this source makes
a relatively small contrlbutlon to the total air quality
impact of the plant. The hlgh exit veloc1ty and high tem-
perature of the exhaust gases from the kiln stack cause a
substantial plume rise, which in turn reduces the_ground—
level impact. On the other hand, the lack of plume rise and
the low release height of.the IPFPE sources result in high

~ground-level concentrations from sources w1th relatively low

emission rates.

The results of the appllcatlon of the dlsper51on model
to the hypothetical cement plant clearly show that a control
plan should be directed toward the control of the IPFPE
sources, Spec1f1cally, the analysis clearly shows that
maximum improvement of air quallty should result from the
control of emissions from the raw materials storage building,
the quarry, coal dumping, the roof monitor for the clinker
storage building, and the haul road.

Addendum: ' Modification of PTMTP
As discussed earlier, PTMTP was modified for applica-

tion to a hypothetical cement plant. The conceptual basis

for the modification is discussed under‘Model‘Appllcatlon.

The procedure whereby the modification was effected is given

. here,




Computer listings are given below for the two programs
of PTMTP that are affected by the modification (MAIN and
DBTRCX). The changes are indicated by underlining where-
ever material was added to the unmodified program (there
were no deletions). A key portion of the modification is in
lines 66 to 73 of MAIN., This is where the initial disper-
sion coefficients (SYNAUT yo! SZNAUT = o, ) are added as
source parameters to be considered in the concentration

_—

calculations. The heart of the modification is in lines 55
and 56 of DBTRCX, where the initial dispersion coefficients
(SYN = Gyo' SZN = Uzo) are combined with the regular dis-
persion coefficients before the concentration calculations
are made. The other changes are peripheral in nature,
involving formatting, arrays, variable lists, and writing
instructions.

In executing the model, the only change is the inclu-
sion of oyo and %o with the input data for each source. In
the case of the cement plant analysis, these values were
previously derived by dividing the initial plume dimensions
(Table 1) of each source by the factor 4.3 and rounding to
the nearest tenth of a meter. Zero values for Gyo and %0
were entered for the "true" point sources, that is, those
having no initial plume dimensions. The computer listings

follow.
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]
L TCT7 RLLBTU nq/ue—lq 15.53-(8.1 o
Tty oog T DEYEL ’ MTFO T [

_buuwcuz 0oy [4 DBYS1 CALCULAYES CDM:ENTRATEI\G F ROM HULTIPLE POINT SOURCES ANDMTPOOZ OO
o0 @3 (Vi C AVERAULS CUNCENTRATIONS FOR THE TIME PERIGD, MY POTS G0
OU 06 Ug 0C4. ¢ THIS IS THE JUNE 1373 VERSIOM OF DBTS1, MTPD G4 00
U CS G0% . C THIS PRCGRAM CALLS SUBROUT INES ¢ BEHO 72 AND DBTch. MiPOUS GO
COCCLe 004 [ De Ba TURNERy RESEARCH METE (R OL 05 I5Te MODEL AFPLICATIONS BRANCHMTPD Cs 00
ooz ooy c METEOROLOGY LABORATORYs ENVIROMMENTAL PROTEC TLON A GENC Ys ~ MYPDU70D
wis [sleL} ¢ ROOM 316Hs NCHS BUTLDINGs RTP. PHOME 1919) 549-B411 EXT WSEAMTPOOB00
[T ) 00y 3 MAILING ADDRESS. MriL,EPAy RESEARCH TRIANGLE P M Ke NC 2¢7711a WTEG 09t
L0 L0 10 ugy C * ON ASSIGNMEMT FROM NATIONAL CCEANIC AND ArmsmERIc "MTPO 1000
LG UC 1T 0Cs C ADMINISTRATI N v ODEPARTME M OF COMMERCE » MTPD 1100
_wiwn a2 ____0o4 : DIMENS ION ALP(16)sGL(26) HPL (26) sTSIUZE) oVSI{26) 01126 )0 MTPO1200
W13 B 1 VFI(26) +RGITZ6) oSUL(Z 6) RRECJ (3 1) vSRECI(31) 200 31 0 MT PO 1500
WL 14 o4 2 TCoNC3n), PCONI25s 5u)e HF TU 2500 ¥ 10 25 3, ST CONC 30 1y P CO N( 25 +.50) MTPQ 14 Go
twmls 004 S INAUT] ZG s S7NAUTY - ; T
uD LD 16 Do4 DIMENS ION THE A(.eunutzu.nsnzn.u.(zlu.nzln _ ___MTPOl1sOC
LU0 17 oua CATA NALYESeNSUUR/NKRECEs NMETE/ "WES * " SOUR Vs 'RECE® 97 ML TE 5/ W1 PO 16 U0
;s acy DATA LALYES/0171145 63040/ . . MTFD 1700
[EV i T Oty DATA LSOUR/0IG5157165162 7 AY FG 18 0
w20 0 Dus DATA LRECE/0162) 451431 45/ . : MT PO 1900
wz1™ - Dos DATA (METE/ZC1S51IA516 61 & 7 ] } MrPE 200
Ly g 22 004 ‘P=960, - o ’ MT PG 21 00
G 0C 23 OC 4 ITR=1 - - W ZW
U0 LU 24 oou IRD = 5 . S : MT PO 23 00
O 7% 004 INRT = € i RTPOZ4 U0
ug OC 26 oG4 Cree THE FOLLOWING REAU IS A DUMMY PROCESSOR READ FDR uz.:uu . MT PO 2500
0o 027 CO4q RE AD (IRD vZODTALF } MT PO 26 O
ul U 28 [\ o MAXW = 25 : : MT PO 27 OO
W GC & PAXR = 30 : ) MR
) 00 30 004 WRITECIWRY v801 ) ) MTFD 290
oL 31 ooy 801 FORMATI® ENTER ALFHATUMERIC TIILE (UF 10 68 CHIRACTERSTT 77 779 WIPO 30O
ou 32 uo 4 READ (IRD v2 OUJALP MT PO 3L 00
oo 35 oo - ZUU FGREAT(LEA B } ; MY TR
00 LD 24 tay - 8U2 WRITE(INRIVAOZIMAXG . ' - MTPD 330D
GUE 35, Oous B3 FORFAT(Y ENTER NUMBER @ SOURCES 10 BE CONSIOERE Do FAX S+ 1T T WMIFO UG
U0 0 3¢ 004 READ (IRD +9999) X ] ) MTP 3
00 0T 37 [} 9999 FORMAT ()

LU G 28 004 IF(I.LT.I-DR.I-GT.MAXOI COTO 80 2 . : MT PQ 36 G0
i 3g (i) WRITECIWRI v804) ; ; RYFO 3700
U 0O 40 ooy 804 FORMAT(®* ENTER SOURCE SYRENGTH ( & SEC) FOR EACH STACKY) MT Py 33 00
oyl GOh : READ (IRD +3993) (Y I(NSI g N5 =101 ) R
UL 0g 42 o4 WRITECINRI»805) ‘ - MTPD&pOQ
[T K] ooy 805 FQRMAT(® ENTER PHYSICAL HEIGHT (M OF FACH STACK 9 MTPOHL OO
LT - Dgy RE AD (IRD v9999) (HPL{NS) sNS=1,I) - . MTP G4
[T Dh& WHRITE( IWRI o805 1 : . i MTPO 4300
W O 4e - Qua 8UB FORMAT(* ENTER GAS TEMPERATUR ([EG K) OF EACH STACK™) MT PO 44 QO
w47 oud READ (IRD +v3939) (TSL(NS) WS 1y D2 ] HTP 0§
W UG 43 ooy IVE=1 : MY PO 46 GO
OU LT 49 ocu WRITE(IWRI 8071 MT PO 4700
U LD 50 oG4 807 FORMAT(® IS VOLUME FLOW KNOWN FOR EACH STACK? YES OR NOY/" 7¢} MY PG 44 0g
o 51 ous READ (IRD +2UDINS ] MYFO 430
uL on 52 ooy IF (NS, FUHALYES. O.NS. EQ L ALYES) GOTOB1L : MT PO 50 00
[T LUy IVF=2 i MT PO 51 00
pnsy ucs WRITECIWRIA08) MTPOS200
LWL Es oou 808 FORMAT(® ENTER GAS VEL ITY (M/SEC) FOR EATH STACK ") MTPQ 8300
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READ (IRD +9999) (VSLINS) NS=2s 1), HTP 0S
WRITE(INRI €030 MTPOSS500
809 FORMAT(® ENTER DIAMETER M) OF E CH sucml MT PO 56 00
READ (IRD »9999) (D I(NS Iy NS =1 1) . MTP 05
DOBLOJDUM= 20T MT PO 58 00
810 VFI(JDUM)IZ0,785398+ VST tJDUM) »D 1 JDUM 1o DT LI 0UM) MTPO 5400
coTusL3 MT PO 60 0C
Bl11 WRITEY IWKI »B12) MT PO 61 00
FORMAT{* ENTER VOLUME ALON (Mss3/5EC) FOR EACH STACK*} MT PD &2 00
AD ¢IRD v9 9991 (VFLINSI NS 1e1) - MTP OB
RITE( IWRIvB104) -
YAT (Y FNTER LNITIAM _HORIZONTAL OISPERS CEFFICIENT *
A EOR EACH SOURLEY) .
RE AU (I RD +d (5 YRAUTE NS e NS =1 ol )
. lR_I_T—. WRY » 5
8155 FCRMAT(® ENTER AINTTIA VERTICAL DISPERSION COEFF ICIENT *
» FOR EACH S (] ;
EAD (TR0 ,9599) (SUNAUTINS Do NS =1 oI )
uu Lo 74 RITECIMNRI s814) ‘ MT PO 64 00
wo7s 004 ula  FORMAT(* FNYER COORD INATES {KM) F EACH STACKs (RDERED PATRS') MTPDGS0D
oL 00 76 004 RE AD tIRD 9999 ) tRUL (NS) o5 QI (NS) WNS=1e 1) ) MTP 06
oum 77 004 BlE WRIVE{IWKI+815)IMAXR MTPDE700
uuoo 73 0D4 815 FORMAT(®* ENTER MUMBER F RECEPTORS TO BE PROCESSED . MAX" +1I3) MTPO 6800
£ o879 00y RE AD (I RD 499991,) MIPD6 _
iiEiag:H [v[sEN IF{J.LTe1.0RLJGToMAXR ) GOTOBLE MY PO 70 GO
[£T]4 1) 0oy, MRIVEC JWRI »817) : MYPD 7100
U0 82 004 817 FORMAT(® ENTER COOKDINATES (KM) OF EACH RECEPTOR. ORDERED PAIRS MIMTPO7200
ug oo g3 004 READ (IRD +v9999) (RKRE CJ (N 5) ySRECS INS) sNS= 1y J) MTPO7
w oo sy 004 WRITE(CIWRI +818) MT PO 74 Q0
o CRMAT (* ENTER METGHT M) ABQVE GROUND FOR EACH RECEPTOR®) MYPU 7500
wolge 00y RE AD tIRD +y3 999V {ZIUNS I NS T2 0J) . : MTP O7
_ouugey ooh 419 WRITELJWRI+B820) ' MTPOTIOO
uoooss 004 820 FORMAT(" ENTER NUHESER ¢ HOURS To BE AVERAGED- MAX 24 %) WMTPO 78 GO
_buwoas ochs : _READ (IRD9999)K CMTPOT
o wsocsn ooy IFtK,LTe1a0RLKGTo20) @ TOBLS MY PO &G 00
ucoal 004 URITEUTIWRI ¢821) MT PO 81 00
[<7E:F3 0oy ®21 FORMAT(® ENTER WIND DIRECTION WEG) FOR EACH HOR) MTPD & 00
_fuyeoas 004 READ (IRD 99990 (THETA (N S) oNS= 10 K) . hTPO8 __
ou G0 94 o4 WRITE(IWRI+822) MYPO 84 0D
Ou 0D 95 oo4 822 FORMAT(* ENTER wiMD SPEED (M/SEC) -FOR EACH_HOURY ) MTPOBSO0
COOC 96 ouy RE AD (TRD v3999) (UINS) sN &= 1e K) MTP U8
aucoay ucs . WRITE(TWRI 1823} MT PO 8700
wwes 004 23 FORMAT(* ENTER STABILITY CLASS F(R EACH HOUR') MTPD 88 00
[TT] )] 0o4 READ {IRD 9sssnxsunsnns=1.m MTPOS __
uug o04 VRITECIWRI v324) MT PO C 00
_bumoy Do4y 824 FORMAT(®* ENTER MIXING HE IGHY (M) F MR EACH HOUR®) MTPO .00 _
ot m L2 004 RE AD (IRD +9999) tHLINS 1o NS 1 9K) MTPOS
Uy 03 0os WRITECIWRI +B25) MTPO 9500
[0y Qo4 BZ5 FORMAT(* ENTER AMBIELNT AIR r:m-tnnuae (DEG K} FOR EACH HOUR') MTPO ¢4 0G
_boorus 004 READ (IRD +9999) 4 TUNS 1 9N 5= 1y K) MTPGY _
‘W0E o004 IF(ITR,LT.2) GUTOBLO MIPCOS 0D
_oumur 004 WRITE(IWRL¥550) MTPOS7CO
RGN [T B850 FORMAT (* DO YOU WISH TO CHANGE THE TITLE? YES OR NO' /" 7%) S UCEL
_bu it uy 0G4 HE AD (RO «2ULINS MTPO 9300
w10 uly TF (NS NE JNALVESs AND NS N Es LALYES | (D10800 MT AL GO G0
_waal o0y WRITECTWRI 801 MTPL 0L 00
TouwiZ [T} MYPLdod™

READ (IRD +2UD1ALP




[V E GOw 800 WRITEl IURI 8261 N LA i
Ul 1s oo % 826 FORMAT(®* DO YOU WANT PMRTIAL CONCENTRATIONS PRINED? YES DR NO*/* MTPLO4OC
TS (L) DR LN MY PI 055
u1e o4 KNTRL=2 . MTP1 05 0D
ooty (LI} READ (IRD +Z00 NS WP 0700
Ut 18 o0y IFINS.EQNALYES. O oNSo ER oL ALYES) K NTRL =1 : MTPL(0a 00
U m 13 004 'KHRL ¥= 2 - - WT P1 09 O
uu Q20 00 & WRITE({IWRI »827) _MTP1LIQ0D
LD 2Y 0G4 827 FORMAT (Y DO YQU WANT HOURLY oommmnmus PRINI'EJ? YES OR NOv /v MTEL 100
up w22 004 L) . MTPL 12 0O
coOLZ3 [[] READ {IRD v2 OO INS ; . MTF1 1300
w) (24 co4 IF ANS. F sNALYES, Ok o N S. E3 oL AL YE S) KRLYZL - MTPL 14 0g
oy 28 o4 Do 701J0uM=1, J MTF1 15 GO
oo (@ 76 ncy ST CONCJDUMIZ O, MT P 15 Og
ThimET (1) Do 70 110UM=1, 1 : MYPL2F oo™
Lo 2e 0oy 701 SPCON{IDUMsJDUM) 0. - : MTPL 1300
wmss o0& tOUM=L i ‘ MiPL 190D
ou 01 3¢ o004 URIVE( IWRT +8 30 JA LP ‘ MTYPL 20 CQ
GO CL 31 Uca 830 FORMATt/ /™ vo1GA47) - ; ] WTP 21 OO
LU I, 32 004 WRITEC IWRI #3573 MTPL 22 OO
Do 33 [3L] 857 FORMAT(* MULTIFLE SQURCE MODEL DBTEJ.. VERS 10N #5128° /) : MYeTE5 a0
ou @ 34 on4 WRITE(IWRI +831} MTPL 24 0O
Lo 3s [ 851 FORMAT(® ¢ » s 50 URCE S # » » % WT P15 G0
U 2 Goy WRITECIWRT ¢832) MTPL 25 00
oy 37 () 832 FORMATU® NO"+BX9%Q" 97 Xo "HP " 26 Xr *TS* 06 Xe 'VSP ¢ 7 Xr D "2 EX ¢V VF Vs BXv  WMTPL27CL
_uwy 3a Ok # 'Ry BX pTSY 24Xy "SYNAUT® s Xy $SZN AUTY )
[T oc4 WRITE( IWRL v8337 MTPL 0™
Ug UL 4C QU4 833 FORMAT(* 45X, Y(G/SEC) (M) IDEG K) (M SEQ) (M) (Mes3/SECIMTPLIDOD
wimesl 0dG *  (KM) (KM ____(H) (M %) -
0o 1 42 004 DOB3ENS=1s T . MTPL 22 M
[FTGCH ooy GOTO 834 ¢83602IVF MT PL 33 0G
U C1 44 007 834 WRITECIWRI+B35INS+UL INS) sHPL INS) oTSI INSY o VFI (NS sR QL INS) »SOI (INSH 2 MTPL 34 Q0
W aeg 0o7 ESYNAUT INS) SSENAUT
0L 45 oce B35 FORPAT(* “s130¢F90.22F8 o v1 GXF G .'hZFS.BalXpFG-lllIXlFE.ll
o 01 47 00& ‘ chT083 8 WTPI %00
LU U1 48 836 mITE(IuRI-szvms.m NS) sHPL INS) +TSI ENS) oVSI INS) sD I{NS)e VFIINS)s, MTFL 3700

*K SYNAUT N 5] o5 2N ATTT L)

0u 01, 50 oce 837 FORMAT(' ® 9X30F9ul vt FB ol oF 90 1v &F 9u 39 1X oF Bu 1o 4% oF 6a 19 .

U0 % 51 oog B38 CONTINUE T — RTPLO G
sz 004 WRITE(IWNRI»839) : . . MTPL41 00

[OF O n0g BSS FOREATI/Y 3 s s RECEFPT O RS + ¢ AR HYFiI 4z 05

U 01 54 no4 WRITE( IWRI vB840) MT P31 43 Op

W), 55 ocy 840 FQRMAT (* Np RR EC SREC* o7 X, Y277 . TPl ag 0o
UG 0L 56 004 WRITE( IWRL +841) ) MT P1 45 00

D0 CL57 aga €41 FORMAT LY "2k, Z(Ex+" mm Vo6, U M) 7)) - MTPIEETD
U 01 58 oo 4 DO 84 ZNSs Yo J . MY F1 47 0O

W Eg oo4 842 NRIVECIWRI v8H3INSoRREC U NshS_EJ( RS by LI INS) MTPL 4870

W@ s 104 643 FORMATUY *sI342F 9 54 F8 ol ) MTPL 4300
WL Es [} WRITECINRI 9868) : i MTP1 5§ G0

ULl 62 Qo4 By4 FORMATG/%.* *+ « WET EOROLOGTY ¢ # a0} : : MTP1 51 GO

[T [ WRITE( IWNRI v8451 ' i i MTPL 8200

Lu L 6y 004 845 FORMAT(* NO THETA'sEX s U KST HL 10 ) MTPL550C
3 i WRITE( INRI v846) MTP1 54 UG

U0 L1 6 0g4 BuE FORMATI® *+EXe"LUEG)  (M/SEC) s 7Xs* (M) {DEG K)v/). - KTPL 55 CC

wle? 004 00 84 TNS= 14K MT P1 56 GG

00 L2 68 Qo4 B4 7 WRITE(IWRL vB48INSe THET AL NS ) o UC NS Dy KS'I'HE)-H.(N'-‘) »T INS) : MTFP1 £7 60

T EY [+ ) B4 8 FORMAT (Y -.I'S_ﬁ-‘u.lux..-zﬂs.m MPLES O
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W Co4 KD UM=1 _ _ : MTP15300
aum 7 004 828 TDUM = YHETAUKDUM) + D J174539 ST MY P1 EC OO
w72 004 DTHDZ = 0, . MTPL el 00
w73 (] SINT = SIN(TDUM) MY P1 &2 00
[T [+ COST = cos(TDuM) : ‘ MYP1E3 00
wmis oou4 [4 ZERD CONCENTRATION STDRAGE L0 CATL ONSa . -MTPLle4 00
wal e ul4 DO 70 JOUM = 1.J MT P1 65 0O
o 77 on4 JCON(JDUM) S Q. MTPL 66 00
oois 004 DO 70 IDUM = 1@ MTPLE7 G0
oo 79 ooy 70 _PCON(IDUM.JDUM) = U, . MTP1E800
o et ouy c CALCULATE FOR ALL S (UWRCES. MTP1 64900
wmel oga D0 110 I0 = 1.1 MTP1 7000
00 @ g2 ooy IF(TSIC(IDI=T(KDUM) GTs G ) GOTO DI MTPL 71 G0
oo a3 oCa WRITEC IWRI ¢5758) MTPL 7200
ouuLey oo4 5758 FORMAT(® CALCULATION TERMINA'I'ED. STACK GAS TEMP ., LE AMBIENT AIR TMTPL 7300
0o as ogs HEMP. ") MY P1 74 00
[« TR-TS o004 GUT0&0 MTPL 7500
U g7 _ 0Dy 9031 KEW = 1 MTPL 76 OO
ol ol 8 00y : HFILID )= O, MTPL 7700
00 (0 89 Qo4 ¢ CALCULATE _FOR ALL g:gﬂﬂons. MTPL73R0
[T 004 DO 110 JD = 1ed MYPL 7300
oo ol DUy R = ROI(ID) ~ RRECJL.D) MYP1 80 00
oLl 92 004 S = SUI(ID) - SRECU(..L) MTP1 8L 0D
093 00y C DEVERMINE DOWNWIND DT STANCE . MY Pl 82 O
0D @ 34 ooy X = SeCOST +# ReSINY  MTPL&30D
_uoQ 98 00y IF(X31110,+110476 MTPL 8% 0D
Ul W 2ot Souy [ DETERMINE CROSSWIN DISTANCE MTP1 85 GD
aum a? nog - 75 Y = SeSINT = ReCOQST MTPL g6 Q0
uo a3 004 GO TO (BOv95)s KEH ‘ MTPLE700 .
oLpl a9 00y [ ESTIMATF PLUMF RISE USING BRIG S , MTP1 8300
0l G2 OC 004 80 CALL BEHOTZ (HFo MXsHMW oF +DELHF D IS TF oDELHX sHPI (1 D) TSI (ID) »VSI ¢ D) MTPL 8900
‘L0 p2 01 0oy 1 DY (ID)WFILID) oKSTIKOUMI sV IKDUM) 2X»DTHDZoT (KU M) 4P ) MTP1 90 GO
ol @2 u2 uoy KER = 2 MTP1 91 CO
_ougzo3 ooy WFItIDY = WF MTP 32 0
LU 02 04 a0y XFI(ID) = DISTF MTP1 a3 00
u L2 S 004 IFtX-DYSTF )85, 85,30 MYP1 o4 00
tut2 08 ["LN 85 H = HX MTP1 950G
U 0207 0p4: GU TO 1065 - MTPL 96 G0
U 0Z 08 004 S0 H = HF WMTPLSTCD
Cul2 09 ooy G0 TO 10§ MTP1 88 GO
00 02 10 00y 95 IFEX~=XFI(ID))1LL 99,59 MTP1 9900
w211 004 99 H-HFILID) MT P2 OC 00
nuLz 1z oLy 60T0105 MTPZ 0100
uu oz 13 s} 100 CALL BEHO72 (HFv HX vHMW oF DELHF o0 ISTF-DELHX.HPI (ID) ¢TSItID) +VSI(IDI MTPZ 0200
oue21s oy 1 sDI(ID) VFICID) oKSTIKOUMI oUIK DU M) 1 XoDTHDZ o7 (KDUH) 5P ) MYPZOSOE
oUu21s L0y H = HX MTPZO40D
oulz1g oou t ESTIMATE RELATIVE CONCENTRATION (CHIZ@) . MTP2 05 64
ueuz1y ugs 105 CALL DBYRCX (UEKOUMI oZ J D doHo M (K DUM) oX 0 X sY oK ST (KDUM) ANs Mo SY + 529 MT P2 GG 00
L2 18 Cosy *RCJZIMALTCID ) o NaUT (L O)),
uuez1g uly DUM = RC ¢ WI(ID} MT P2 08 0D
oL o2 20 0G4 PCON(IDeJD} = DuUM MTPZ G300
_ooz2z1 004 SPCONCID#JD) = SPCON(IDs D) + DUM MYP2 1C 00
oG o2 22 GU & TCON(JD) = TCCN(JD) + DUM MTP. 1100
00 UZ 25 o4 STCON(JD) = >TZON(JU) + DUM MT P2 12 00
oU 2 z4 004 11U CUNTINUE MTPZ 13G0
Ui uz 25 [1]+[] IF LKHKLY JGTu1) Goross MY PZ 14 0D
0C 0276 0G4 04 NDUM = 1 MTPZis0o




WY U054 W= 1 ; — L Ry
Lo 2 28 o004 120 ML = MF + & Co . MTP2 17C0
Tz A 067 TFJ-HC) 150,140y 150 3 3 ‘ ; MIPZIstD
_ ooz 30 DO4 130 ML = o s . . MTPZ 19CO
W g 3i o0& 140 NDUM = 2 ; — MTPZ 2000
owo? 22 00s 4 WRITE OUTPUT TABLE F Resm.nm CONCENTRATI NS, C MrPz2am
S0002 I3 0G4 GO0 FORMAT(Y » « s RECEPT OR NUMBDETRG ®GS %) MTF2 22 00
o 02 34 oDy 150 IF(LOUM.LT42) WRITECIWURE o855)KBUM L MT P2 2300
awE3s 004 855 FORMAT(/* HOUR 8 s 13} TPz e84 00
002 26 oo4 - WRITE(IWRT »500) ‘ . MT P2 25 00
o 0z 37 i WRITECIMRI 1856 M JD v JO= OF ML) T i MTP2 2600
o 02 38 oDy 856 FORMAT (Y % s4XsELOXsIBY) i ) MT Pz 2700
w02 39 004 [3 WRITE PARTIAL CONCENTRATIONS LE FENDING uvon CONTRO.» KNTRL:1, DOMTFZ 2800,
(s e-L T} 004 ‘ GO TO (160+280)s KNTRL MT P2 2900
oo 0z el 004 160 COTO(1619162),LDUN . S TPz 30y
o2z 04 161 WRITECL IWRI +505) . . : - MTFz 31 0p
[i{i- L] Oo4 605 FORMAT (D § HFIN PMTIAL CONCENTRATIONS (EM*s31°77 MTPZ 200
Uy e 4y ag4 Do 170 ID = 1,1 : MT P2 3300
Q02 &5 004 170 WRATELIWMRI »61011D¢ FF X1 10 Te (P CO M 10 +J0) sJ 0= ¥ sH L) WT Pz 34 U0
W 02 4§ oo4 610 FORMAT (. --Iz.rs.n.zx.lpanu.ss MT P2 35 0O
woazey 004 GoT0180 ) . . "MT Pz 35 00
0z sg C04 - 162 WRITECIWRI1G63} - MTP2 3700
TO0CZ 49 — 008 163 FORMAT(°C S*+ 10X+ FARTIAL COMENTRATIONS (& He #3 3V /) wTPZ 3900 .
ob @2 50 0oy DOL71ID=1,1 MT P2 3900
G2 51 oo . 171 WRITE(IWRL+172110v (PFCON IDsd0) Wl EE W @ HL) ] ) WIPZaEn
Ou 02 52 . oga 272 FORMATI® *+I248Xs1PGEL(. 3) : . MT PZ 41 00

w0253 oU% 180 WRIVE( IWRL$615) i 7 ;

ud 02 54 04 4 " E15 FORMAT(LHO 12X+ TOTAL QOMCENTRATION (O/Mee D) %23 L MTP2 4300 .
W Zss [ WRITEC IWRI »6201C(TCONIJD) odD = M wH L) ‘ . MYPZ w00
0002 56 004 620 FORMAT (* %y 10Xs IPGE 10 .3) . NT P2 45 00

wZs7? CGh GO 10 usurlasx.unun'_ . . - ‘ T MTPZAB 00
oZEs ooy 190 MF = ML + 1 . MTPZ 4700
wesy . o0y - 60 10 120 ; } A MY P2 48 G0

m a2 60 Doy 705 GO0 TO (S5.60)eLDUY . o MT P2 49 00

=2 EL 004 55 KDUM=KDUM+1 T MTFZ 50 00

oG 02 62 oy IF (KDUMLE oK) aomazs MT P2 51, I

“Wazes. ucy [ AVERAGE CONCENTHATI(NG F 70 n"n'FE-ﬁ'E'Ioo. . ~
00 (2 64 oo 4 702 DO 703 JDUM = 1eJ . MT P2 53 00
WwEs 004 TCON (JOUM) = stﬁﬁTUﬁﬁTﬁ7ﬁ ; -

o) (2 66 un g Do 703 I0UM = 1.1 ’ MT P2 55 G
OO G2 €7 [ 703, FCON (IDUMs JDUN |"—§_do_ﬁ“ﬂ_r7k i MTPZ5etn
oy 02 68 g4 € . - yRITE SUMMARY HEADING & . L ‘ MTF2 5700

M) tha WRITE (IWRIe710) K " 2 58
w7 004 710 FORMAT (//° AVERAGE CONCENTRATIONS FOR',I3e7 WOy RS e ) MT Pz 5900
uZ71 004 UM = 2 i ] WTPZ &0 L0
oy 2 72 0p4 . C. . G0 BACK AND WRITE AVERAGE C(NCE NTRATIONS,. ) ' . MTPz 61 Op

o273 Gon G0 10 704 ‘ ‘ : FrPzez00
oo &2 78 0p4 - 60 WRITEL Iqu-ans) : MT P2 6400
opazTs 004 msmmuu'muﬂEWCE-M-EEWMPoRWHWMMW'm*thuﬁE_
ez 76 ooy sy v pv)  MTP2B5CD
w7 () T ITREZ . o T . ; MT FZ 66 00
ooz 78 (L) RE AD (IRD v2 0D INS : MT-P2 6700
woz79 (T IF INS.EQ«NSOUROR.NS L & LSOUR) GOTOBOZ . W1 P2 63 00

_mioen og4 IF INS, EQ JNRECE JOR. NG £ G. LRECE) GOT0R16 . - MT F2 69 00
wo2sL ooy - i IFINS.EG.NHETE-BR.NS-EG.LHETE) 6070829 i WT P2 0

_ngeez Qoy - ._sSTop i MTP2 71 0p
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APPENDIX D
EXAMPLE UPWIND/DOWNWIND TEST PLAN
(FOR HYPOTHETICAL CEMENT PLANT)

BACKGROUND

The ABC Corporation operates a Portland Cement plant at
11555 Portland Highway. This facility produces Portland
Cement Clinker with a dry process. The product material is
stored in silos for eventual transfer to other corporate
facilities producing precast components for construction
purposes. Production was started at this facility in June
1975, and since that date the local air pollution control
agency has investigated 14 citizen complaints dealing with
allegéd damage/soiling of private property caused by exces-
sive emissions of particulate matter from plant operations,
materials storage, and quarrying. Additionally, the agency
operates an air quality monitoring station approximately 0.8
kilometer due east of this facility. Evaluation of total
suspended particulate (TSP) measurement data from this
location (Site No. 017-1ll1l) indicates the following:

(a) Both the annual geometric mean and maximum 24-hour
levels of TSP are projected to exceed their
respective NAAQS levels.

(b) Both microscopic and chemical analyses of the
materials collected on the high-volume sampler
filters indicate the presence of considerable
guantities of particulate matter characteristic-
ally emitted from fugitive particulate sources
associated with Portlant Cement production.

Therefore, a series of measurements obtained by the
upwind/downwind technique, as described in "Technical Manual
for Measurement of Fugitive Emissions: Upwind/Downwind
Sampling Method for Industrial Emissions,“; will be con-




ducted to estimate the impact of fugitive particulate emis-
sions from the ABC Portland Cement plant on ambient air
quality at locations adjacent to the plant property.
GENERAL TEST APPROACH

The visual observation of uncontrolled and/or fugitive
particulate emission sources at the ABC Portland Cement
plant indicates that the following sources are probably
responsible for cauSing the major air quality impact on
adjoining private property:

° Raw materials storage
° Clinker storage roof monitors
° Quarry activities

The approach presented in this example is idealized in that
only minor constraints have been placed on the resources and
time allocated. In actual application, practical considera-
tions may well dictate or permit reductions in both re-
sources (personnel and equipment) and sampling period.
Based on the plant configuration (Figure 1), and the fre-
quency distribution of wind directions in the area, a single
high-volume sampler will be positioned west (upwind) of the
plant fence line and four samplers along the east (dowhwind)
fence line. Figure 1 depicts the proximate location of
these samplers, as well as the physical plant layout, loca-
tion of paved roads, and local topographic features.
Sampling periods will be selected so as to be repre-
sentative of both routine and maximum operating conditions
if at all possible. ABC plant management has agreed to keep
a record of in-plant operating activity during the periods
selected for sampling. By correlating the measured particu-
late levels with source-related activities, the agency will
be able to determine if and where emissions reduction/control
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is required for conventional and fugitive particulate
sources. o o
INSTRUMENTATION, EQUIPMENT, AND FACILITIES REQUIRED

The upwind/downwind monitor conflguratlon will COhSlSt
of a monitoring site at the upwind plant fence line, includ-
ing one high-volume air sampler and a recording meteorologi-
cal system. On the downwind side of the source, near the
property line, four high-volume air samplers will be located
parallel to the fence line at intervals of 61 meters (200
ft). The upwind site will employ a smalligenerator-to power
the single sampler and the meterological station; the other
sites will require two larger motor generators for electri-
cal power. One generator is necessary for each two downwind
samplers. The generator is placed between a pair of sam-~
plers with 30 meter (100 ft) power lines to each sampler.
Three field technicians will perform the tests{lone at each
~generator location. Whenever the wind direction-is verified
to be generally from the west (270 degrees + about 20 de-
grees), the technician at the meterological control site
will contact the other technicians via radio and initiate
sampling. Each sampling period should be as long as prac-
ticable, during which the wind direction will be monitored
to determine whether it persists from the desired direc-
tional sector. A decrease in flow rates of more than 10
percent on the downwind samplers indicates that sufficient
sample has been collected, and the test period will be
terminated. The above program will be rebeated several
times with the objective of observing'optimum conditions of
speed and directional'pefsistence of the wind. Also, it is
hoped that various source operational conditions will be
observed.




Monitoring Instrumentation

-The two basic measurements required for the successful
completion of this task are the measurement of wind speed/
direction and the total suspended particulates in the ‘
ambient air.

Meteorological Monitoring - Wind speed and direction

will be monitored using a Bendix Aerovane meteorological
system, complete with recorder and tripod.
This equipment is described as follows:

° Bendix Aerovane Transmitter Model 120 with six
bladed rotor

° Bendix Aerovane Recorder Model 144 with wind speed
range of 0 to 100 mi/hr and wind direction range
of 360 degrees

° Aerovane Transmitter Support (14.5 feet high)

° Cable, Seven-Conductor (50 feet)

© Mast Adaptor for Mounting Transmitter

Total Suspended Particulate Monitoring - Total suspend-

ed particulates will be collected with a high-volume air
sampler, as described in the Code of Federal Regulation 40,
Part 50.11, Appendix B, July 1, 1975, Pages 12 through 16.

Specifically, five samplers are required, which will be
equipped with the following alternative equipment:

° Dixon flow recorders
e Running time meters
° Quick-change filter cartridges

- Monitoring Support Equipment

Support equipment to be used is listed below:
° High-volume air sampler calibration kit

° Three motor generators:



1) Two 3-KVA, 5=hp gasoline
2) One 1.5-KVA, 3-hp gasoline

Sampling van with covered bed

°  Power extension cords; five 100-ft cords of No. 12
wire with ground and exterior duplex receptacles,
two 50-ft cords of No. 14 wire with ground, and
exterior extension cords.

° Preweighed fiberglass filter media consisting of
100 filters, folders, envelopes, and data sheets

° Three portable citizen-band radios
" Facilities Reguired

The major facility used for this program is an analy-
tical laboratory equipped with a weighing room with constant
temperature and humidity and an analytical balance. The
weighing room must maintain a constant humidity in the range
of 30 to 50 percent with a maximum deviation of +2 percent
RH and a temperature controlled to +1°C in the range of 20
to 25°C. The analytical balance must be able to reproduce
within +0.5 mg for Class S weights and +3 mg for unexposed
equilibrated filters and +5 mg for exposed equilibrated
filters. "

SCHEDULES

The entire test program schedule is presented in Figure
2. Ten specific tasks are defined and programmed over an
anticipated period of performance of 25 days. This schedule
allows ten working days for field monitoring. However, this
period may turn out to be much shorter if the desired meteo-.
rological conditions are observed relatively early in the
program. Also, the desired conditions may not be observed
at all and therefore the time period may have to be extended.
Additionally, Figure 3 presents an activity schedule to be
used by the supervisory field technician in conducting each
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Activity Time (hburs )

123456789

Set up of downwind monitoring L

eguipment
Calibration check of dowﬁwind -
samplers - '
Set up of upwind monitoring ;
equipment | —
Calibration check of upwind | ,
monitoring equipment k

Sampling . ' %

Removal of samples and :
meterological strip chart -

Removal of sampling equipment ' | —

Preventive maintenance of
equipment

Figure 3. Field test schedule.




field test in the series. Eight specific activities are
defined over a projected 9-hour test period.
METHOD OF ANALYSES AND DATA REPORTING

The suspended particulate loading will be determined
according to the method described in the Code of Federal
Regulations 40, part 50.11, Appendix B, July 1, 1975, pages
12 through 16. The particulate material on the exposed
filter will be equilibrated under the same temperature and
humidity conditions as experienced in weighing the unexposed
filters. The weight of the particulate material collected
on exposed filters will be determined gravimetrically. The
calculated TSP concentration is based on the net weight of
collected particulate and the sample air volume corrected to
standard conditions (760 mm Hg and 25°C). The suspended
particulate data will be reported on a separate data sheet
for each test in the series. This data sheet will include
the following information:

° Date/time of sampling

° Test series identification

o Identification of the specific location of each
sampler

° TSP concentration expressed in ug/m3.

In addition, the meteorological data for the specific study
period will be reduced ahd reported in SAROAD format.
Quality control procedures to be followed throughout
this test series are consistent with those defined in
"Quality Control Practices in Processing Air Pollution
Samples," U.S. Environmental Protection Agency Publication
No. APTD-1132, and are on file in the agency office. After
all data have been reduced to SAROAD format, an independent
audit will be performed on 7 percent of all values reported.



RESPONSIBILITY

. This sampling program will require the efforts of five
people: a progect manager, chemist, senior field techni-
cian, and two field technicians. Their responsibilities and
pProjected level of effort relative to the various tasks
involved for this test serles are presented in Figure 4.
ANALYSIS OF RESULTING DATA _ .

The field sampling program will provide a:eoﬁparlson of
upwind and downwind concentrations of ambient suspended par-
ticulates. Depending upon the occurrence of winds from the
west, such data should be available for up to 10 days. The
Texas Air Control Board stipulates in its regulatlon that to
be statistically gignificant, the minimum dlfference between
upwind and downwind concentrations should be as follows:

Minimum difference

Sampie duration, for statlstlcal 31gn1f1cance,
hours ng/m3
1 400
3. . : 200
5 ‘ 100

It is expected that the difference between upwind and
downwind concentrations will vary from day to day. Based
upon the Texas regulation, and dependingﬁon the occurence of
wind from the west, it is 1ikely that the plant impact may
be determined to be signficant on several days durlng the
sampllng perlod The day-to-day variation in the dlfference
between upwind and downwind concentrations may be related to
plant operatlons and/or meteorological conditions. Thus, it
is 1mportant to make a determlnatlon as to whether or not
differences in plant operations are suff1c1ent to cause
51gn1f1cant dlfferences 1n partlculate emission rates.
Further, an analysis of meteorologlcal data collected at the
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upwind site and from the nearest weather observation station
may provide some indication as to the extent chahging
weather conditions are responsible for the day~to-day vari-
ations in the plant impact.

The upwind/downwind sampling program provides an indi-
cation of the total plant impact - conventional point sources
as well as IPFPE sources. In order to'determine.the_impact
0of only the IPFPE sources, ituis necessary to subtract the
impact 6f the conVentional point sources. An estimate of
the contribution of the conventional point sources under the
meteorological conditions that occurred during a given
sampling interval may be determined by the application of a
dispefsion model.
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Technical Manual for the Measurement of Fugitive
Emissions: Upwind-Downwind Sampling Method for Indus-
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76, ABSTRACT :

This document provides guidance for evaluating "Industrial Process Fugitive Parti-
culate Emission" (IPFPE) sources in light of upcoming revisions to State Implementation
Plans. For 24 selected industrial categories, IPFPE data are presented on identifica-
tion of sources; emission estimates; example plant inventory; emission characteristics:
control technology options; and a list of pertinent references. The references com-
Ipiled for each industry is the result of an extensive literature search.

Control technologies, including selection of control techniques, IPFPE capture and
control options, and removal equipment are presented, Techniques are developed to
kstimate impact of IPFPE sources on air quality. Evaluation of short-term localized
impact using dispersion modeling and field measurements (upwind/downwind sampling) is
discussed. 1In addition, state-of-the-art measurement techniques for IPFPE's are
identified.

Integration of IPFPE impacts into the State Implementation Planning process is
lso covered. Procedures for development of control strategies for IPFPE sources are
resented along with factors which influence the IPFPE planning process. The document
summarizes existing regulations applicable to IPFPE sources, model regulation for IPFPE
sources, and an evaluation of enforcement procedures.
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