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- of four integrated iron and steel plants and (b) field testing of dust emissions
from materials handling operations and from traffic on unpaved and paved roads.
The results of this effort indicate that open dust sources contribute substant-
ially to the atmospheric particulate discharged from integrated iron and steel
plants. :

Prioritization of control needs was determined by ranking of fugitive
sources on the basis of typically controlled emissions of fine particulate
(smaller than 5 um in diameter) and suspended particulate (smaller than 30 um
in diameter). Most adverse health and welfare effects of particulate air pol-
lution are attributed to fine particulate, which also has sufficient atmospheric
transport potential for regional-scale impact. However, because airborne par-
ticles smaller than about 30 um in diameter (having a typical density of 2.5
g/cm3)‘are readily captured by a standard high-volume air samples under nor-
mal wind conditions, both the coarse and fine particle fractions of suepended
particulate contribute to measured ambient particulate levels.

Ranking of fugitive sources on the basis of typically controlled fugitive
emissions of fine particulate and suspended particulate produced the following
prioritization of control needs:

Fine Particulates Suspended Particulates
(1) Electric Arc Furnaces (1) Vehicular Traffic
(2) ' Vehicular Traffic (2) Electric Arc Furnaces
(3) Basic Oxygen Furnaces (3) Storage Pile Activities
(4) Storage Pile Activities (4) Sintering
(5) Sintering (5) Basic Oxygen Furnaces

Tt is evident from these rankings that open dust sources should occupy a prime
position in control strategy development for fugitive emissions.

Analysis of available control technology for process fugitive emission
sources indicates the substantial progress has been made in developing devices
and methods for emissions capture and removal. However, major problems exist
in retrofitting proposed systems to existing operations. This is complicated
by the serious lack of data on (a) uncontrolled emission quantities and char-
acteristics, (b) control device effectiveness (particularly relating to capture
efficiency) anq (c) control costs. ' ‘ ' ' o

A number of promising control methods are also available for open dust
sources. Again, however, 1i{ttle data exist on the effectiveness of these
methods, which must be related to the intensity of control application. Al-
though cost data can be derived, costs need to be related to the specific
method design which will produce the desired level of control.

xiii




Sources. This will allow for rational selection of cont .
development. Example cost-effectiveness analyses for a process source (canopy
hood system for electric arc furnace) and for various open dust sources ind

However, in spite of the demonstrated advantages of exposure profiling over
conventional upwind/downwind sampling, the latter technique persists as the
backbone of current field oriented research on open dust sources, which 1is
being conducted Primarily in other industries.
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CONCLUSIONS AND RECOMMENDAT IONS

This section presents the major conclusions reached in this investigation
and recommendations for reducing negative impacts of these conclusions. In
ful fillment of the program objectives, a major effort was put forth to evalu-
ate the need for future regsearch and development programs which would provide
fugitive emissions control technology for integrated iron and steel plants.
Consequently, the recommendationé focus on needed future work.

The emission factors available for fugitive process sources (as presented
in Table 3-1 and 3-2) are, for the most part, either derived from testing but
not supported by adequate reporting techniques, or are estimates rather than
measured values. These inadequacies have produced a range of quantitative un-
certainty (as presented in Table 3-4) as large as a factor of 7. The lack of
quantified emission factors hinders the reliable assessment of the air quality
impact of a proposed or existing steel plant, and the development of rational
fugitive emission control strategies.

There are two possible recommendations to deal with the defiziencies in
available fugitive emission factors for process sources. The first would en-
tail contacting original investigators and producing a moxe detailed report on
available emission factors. Those factors which were obviously inadequately
documented could then be replaced by new, more adequately gupported values.
The second recommendation would be to use the available factors to estimate a
range of impacts. However, this latter strategy would be unacceptable if im-
portant decisions hinged on the application of highly uncertain values.

Prior to this study only a few emission factors had been developed for
open dust sources. As 2 result of testing conducted as part of this study,
several open dust sources have been quantified, but available data for most
sources are still insufficient to develop predictive emission factor equations
of acceptable reliability. Consequently, an obvious recommendation is to con-
duct further tests on major open dust sources such as unpaved roads and stor-
age piles.

Justification for further investigation of open dust sources is presented
in Table CR-1, which compares nationwide stack and fugitive emissions for the
iron and steel industry. It is important to note that the emission rates pre-
gented are approximate. These valueg are intended to give a relative comparison
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TABLE CR-1. COMPARISON OF NATIONWIDE STACK AND FUGITIVE EMISSIONS

General source category

Estimated 1976 typically controlled

fine particulate emission ratesd/
Stack :

Fugitive

"~ A. Process sources

Sintering

Hot metal transfer
Electrié arc furnace (EAF)
Basic oxygen furnace (BOF)
Open hearth furnace (OHF)
Scarfing

B. Open sources

Unloading raw materials
Conveyor transfer stations
Storage pile activities
Vehicular traffic

Wind erosion of exposed areas

58,000 t/yr
(52,000 T/yr)

15,000 t/yr
(13,000 T/yr)

13,000 t/yr
(12,000 T/yr)

4,400 t/yr
(4,000 T/yr)

110 t/yr
(98 T/yr)

4,700 t/yr
(2,500 T/yr)

750 t/yr
(830 T/yr)

23,000 t/yr
(25,000 T/yr)

9,100 t/yr
(10,000 T/yr)

1,200 t/yr
(1,300 T/yr)

610 t/yr
(670 T/yr)

430 t/yr
(470 T/yr)

790 t/yr
(870 T/yr)

5,200 t/yr
(5,700 T/yr)

11,500 t/yr)

(13,000 T/yr)

480-t/yr
(540 T/yr)

2/ t/yr = metric tonnes (2,204 1b) per yeér; T/yr = short tons (2,000 1b) per

year,
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of source importance rather than an absolute quantification of emissions from
each source. :

The major conclusions from Table CR-1 are:

1. Fine particulate emissions from vehicular traffic (13,000 T/year) and
storage pile activities (5,700 T/year) rank second and fourth, re-
spectively, in terms of the magnitude of fugitive emissions emitted
nationwide from controlled sources.

2. Fine particulate emissions from vehicular traffic are comparable, on
an individual basis, to typically controlled stack emissions from
EAFs and BOFs.

3. Wind erosion and raw material unloading and conveying are small open
dust sources on a nationwide basis. (On a specific plant basis,
wind erosion may constitute a considerable portion of the emissions
because of dry climate.)

Before further testing of fugitive emission sources proceeds, there ex-
ists the need for the specification of standardized methods of measurement. It
is recommended that for open dust sources, the relative merits of the available
techniques, specifically upwind/downwind sampling and exposure profiling, be
evaluated for each source type and that a single technique be detailed as a
reference method for each source category. The same recommendations are made
for process sources.

The control equipment for the process fugitive sources reviewed in this
study already exists and has been applied in isolated cases. However, problems
with application of these controls lie in retrofitting control equipment to
existing operations. This is complicated by the serious lack of data on (a)
uncontrolled emission quantities and characteristics, (b) control device ef-
fectiveness (particularly relating to capture efficiency), and (e¢) control
costs. ’

A number of promising control methods are also available for open dust
sources. Again, however, little data exist on the effectiveness of these
methods, which must be related to the intensity of control application. Al-
though data can be derived, costs need to be related to the specific method
design which will produce the desired level of control.

Research is recommended to determine the cost-effectiveness of promising
control options for both process sources of fugitive emissions and open dust
sources. This will allow for rational selection of control methods for fur-
ther development. The results of a cost effectiveness analysis presented in
Table 7-7 have shown that watering and road oiling of unpaved roads and broom

xvii




and vacuum sweeping of paved roads are at least a factor of twenty times more
cost effective than use of canopy hoods in a typical electric arc furnace shop.
Cost effectiveness is measured as dollars of annual capital investment and
operating cost per pound reduction of fine particulate emissions.

' The ranking of fugitive sources, on both a nationwide and a local level,
illustrates the importance of control needs for open dust sources. On a nation-
wide scale, the five highest ranked sources are:

Fine Particulates Suspended Particulates
(1) Elec¢tric arc furnaces (1) Vehicular traffic
(2) Vehicular traffic (2) Electric arc furnaces
(3) Basic oxygen furnaces (3) Storage pile activities
(4) Storage pile activities (4) Sintering
(5) Sintering (5) Basic oxygen furnaces

These source emit the largest quantities of fine and suspended partlculate,
taking into account typically applied control measures.

The importance of vehicular traffic as a major fugitive source of fine and
suspended particulate is evident by its first and second place positions under
both ranking schemes. On a nationwide basis, there is approximately one-third
as much controlled fugitive emissions of fine particles from unpaved roads as
from electric arc furnaces, and nearly one-sixth as much controlled fugitive
emissions of fine particles from paved roads as from electric arc furnaces.

The favorable cost effectiveness ratio of unpaved road controls suggests that
they be included in plant fugitive emission control programs.
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SECTION 1,0

INTRODUCTION

Until recently, the national effort to control industrial sources of air
pollution has focused on emissions discharged from stacks, ducts or flues, and
carried to the point of discharge in confined flow streams. Control strategies
have been based on the assumption that the primary air quality impact of in-
dustrial operations resulted from the discharge of air pollution from conven-
tional ducted sources.,

However, failure to achieve the air quality improvements anticipated from
the control of ducted emissions has spurred a detailed reexamination of the
industrial air pollution problem. Evidence is mounting which indicates that
fugitive (nonducted) emissions contribute substantially to the air quality im-
pact of industrial operations and, in certain industries, may swamp the ef-
fects of stack emissions.

Iron~ and steel-making processes, which are characteristically batch or
semicontinuous operations, entail the generation of substantial quantities of
fugitive emissions at numerous points in the process cycle, Frequent materials
handling steps occur in the storage and preparation of raw materials and in

‘the disposal of process wastes, Additionally, fugitive emissions escape from

reactor vessels during charging, process heating and tapping.

Fugitive emissions occurring in the metallurgical process industries con-
stitute a difficult air pollution control problem, Emissions are discharged

‘'with a highly fluctuating velocity into large volumes of carrier gases having

poorly defined boundaries. Emissions from reactor vessels contain large quan-
tities of fine particulate with smaller amounts of vaporous metals and organ-
ics in hot, corrosive gas streams, Enclosures and hooding of fugitive sources,
with ducting to conventional control devices, have met with limited success in
controlling emissions.

This report presents the results of an engineering investigation of fugi-
tive emissions in the integrated iron and steel industry. This study was di-

rected to the accomplishment of the following objectives:

1. Identification of fugitive emission sources within integrated iron
and steel plants,
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2. Ranking of identified emission sources based on relative environmen-
tal impact.

3. Recommendations of future research, development and/or demonstration
to aid in the reduction of fugitive emissions from the sources determined to
be the most eritical.

Operations specifically excluded from this study were coke ovens, charging of
basic oxygen furnaces, and blast furnace cast houses. These sources were be-
ing investigated under separate research efforts at the time this study was
begun.

Fugitive emissions in the iron and steel industry can be generally di-
vided into two classes ~ process fugitive emissions and open dust source fugi-
tive emissions. Process fugitive emissions include uncaptured particulates and
gases that are generated by steel-making furnaces, sinter machines, and metal
forming and finishing equipment, and that are discharged to the atmosphere
through building ventilation systems. Open dust sources of fugitive emissions
include those sources, such as raw material storage piles, from which emissions
are generated by the forces of wind and machinery acting on exposed aggregate
materials.

Table 1-1 lists the process sources of fugitive emissions and the open
dust sources which are the subject of this study. Although emissions from
these sources consist primarily of particulates, gaseous emissions associated
with certain operations (such as sulfur dioxide, carbon monoxide, ammonia,
hydrocarbons, and nitrogen oxides from coke manufacture and carbon monoxide
from blast furnaces, sintering and steel-making furnaces) also can be expected
to escape collection and to become fugitive in nature. Nevertheless, this in-
vestigation is directed to particulate emissions only, because particulate
matter is the prevalent constituent of fugitive emissions discharged from in-
tegrated iron and steel plants.

The technical approach used to conduct the subject investigation con-
sisted of the performance of the following seven program tasks.

Task 1 - Identify Fugitive Emission Sources: A comprehensive information
collection and data compilation effort was carried out to identify all poten-
tially significant sources of fugitive emissions occurring within integrated
iron and steel plants,

Task 2 - Quantify Fugitive Emissions: Available emissions data based on
source tests and estimating techniques were.used to characterize the types
and quantities of fugitive emissions from sources identified in Task 1., MRI's
exposure profiling technique was used to field test open dust sources at east-
ern and western plant sites,




SOURCES OF FUGITIVE EMISSIONS FROM
~ INTEGRATED IRON AND STEEL PLANTS

—— ——e—

A,

Be

——— —

Process Sources

l.
2.

bs
5.

6.

7.

8.
9.
10.

Open

1.
2,

Scrap cutting

Sintering
* Windbox leakage
* 8Strand discharge
* Cooling
* Screening
Hot metal transfer

Hot metal desulfurization
Electric arc furnace

Charging

Electrode port leakage
Tapping

Slagging

* % * ¥

Basic oxygen furnace

Deskulling

Charging

Leakage (furnace mouth, hood sections, and oxygen lance port)
Tapping

Slagging

% % % ok

Open hearth furnace

Charging
Leakage (doors and oxygen lance port)
Tapping
Slagging

* 0k %

Slag quenching
Teeming
Scarfing (machine and hand)

Dust Sources

Unloading (rail and/or barge) - rawél materials
Conveyor transfer stations - raw and intermediate~ materials

(continued)
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TABLE 1-1 (continued)

3. Storage pile activities - raw, intermediate, and wasteE/ materials

Load~in

Vehicular traffic around storage piles
Wind erosion of storage piles

Load-out

# o d %

4, Vehicular traffic

* Unpaved roads
* Paved roads

5, Wind erosion of bare areas

éil Raw materials - iron ore, coal, and limestone/dolomite.
b/ Intermediate materials - coke and sinter.

&/ Waste materials - slag and flue dust.
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Task 3 - Review Existing Control Technology: Information was collected
and analyzed to evaluate the effectiveness of avallable systems and techniques
applicable to the control of process fugitive emissions and open dust sources.

Tasks 4 and 5 - Develop Emissions Classification System and Classify
Emissions: A generic classification system was developed and applied to iden-
" tify the simlilarities and differences in fugitive emission sources thereby de-
fining generalized control problems which might most effectively be treated
in an integral manner.

Task 6 - Determine Critical Contxol Needs: Using background information
developed in previous tasks, the identified fugitive sources were ranked ac-
cording to the relative environmental benefit of (or need for) emissions con-
trol requiring, if necessary, the development and demonstration of effective
control techniques.

Task 7 - Recommend Research and Development Programs: Having identified
and ranked control needs in Task 6, priority R&D program areas were recommended
to address these needs taking into account deficiencies in available control
technology and the expected results of research programs already underway.

This report is organized by subject area as follows:

« Section 2 identifies fugitive emission sources within integrated iron
and steel plants,

« Section 3 presents data on the quantities of fugitive emissions includ-
ing the results of the field testing of open dust sources,.

» Section 4 presents the results of surveys of open dust sources con-
ducted at four integrated ironm and steel plants,

« Section 5 summarizes control technology applicable to process fugi-
tive emissions sources,

.« BSection 6 summarizes control technology applicable to open dust
sources.

« Section 7 presents a ranking of critical control needs and defines
priority R&D program areas directed to the development of control
technology for fugitive emissions,

. Section 8 lists the references cited in this report.
« Section 9 presents the Glossary of Terms, which defines special termi-

nology used in this report to describe and characterize fugitive emis-
sion sources.
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‘A mixture of metric and English units was used in this report. The word
Eon always refers to short ton (abbreviated "I"), which is equivalent to 2,000
1b, " The word tonne always refers to the metric tonne (abbreviated "', which
is equivalent to 2,200 1lb. An English-to-metric conversion table follows Sec~
tion 9.




SECTION 2,0

FUGITIVE EMISSIONS SOURCE IDENTIFICATION

This section provides a discussion of the various process fugitive emis-
sions sources and open dust sources within the integrated iron and steel in-
dustry. These sources are associated with the major processing operations
used in producing iron and steel and with the handling of large quantities of
raw materials, processed materials, and by-products.

Figure 2-1 gives a process flow diagram for a representative integrated
iron and steel plant. Typical process material balances are given in Figure
2-2 and typical material quantity conversion factors are given in Table 2-1.
Finally, industry-wide material flows are presented in Figure 2-3.

In the following subsections, the identification and characterization of
each fugitive emission source includes: (a) description of the specific op-
erations that generate fugitive emissions, (b) quantification of the source
extent, and (¢) discussion of the major physical and chemical characteristics
of the fugitive emissions streams at the point of discharge.

2.1 PROCESS SOURCES
Presented below is a discussion of each of the specific process fugitive

emission sources listed in Table 1-1, The characteristics of fugitive emis-
sions from process sources are summarized in Table 2-2.

2.1.1 Scrap Cutting

Source Description--

Scrap iron and steel is used in the manufacture of steel. Scrap too large
for steel furnace charging buckets and machines is cut to a proper size with
shears or a torch. Torch cutting of scrap, which is typically performed out-
doors, is the source of fugitive emissions considered here.

There are no published data to indicate how many torch operating hours
per year are used in the iron and steel industry. It is likely that most of
these operating hours are utilized to cut home scrap, rather than purchased
scrap.
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Coal : 14459/

COKING
Coke : 932 6_ CPERATIONS E@
, SINTER :
Air * 3280 " G ACHINE
Qre : 1047
Coke Breeze: 58 SCREEN
Limestone :_ 115
Total ; ]229_J + Sinter 1 1150
Lump Ore 851 |
Sister ¢ 1150 | | BLAST
® Coke s 932 FURNACE ®
Limestone :__ 238
Total : 3N
— Pig lron @ 1361
Air : 1887
Ore . 70_' Fuel & Steam : 167
Scrap ¢ 907
OPEN HEARTH
© Hot Metal : 1361 |__gl
Alloy : 14 FURNACE @
Flux : 140
Oxygen 1 55 L.-Slag H 200
Total r 2657 @
© Hot Metal . H 1606_‘ BASIC OXYGEN i
Sc.n:p : 659 FURNACE
Additions : 140 @
Total : 2399
— 1®
© scrop : 211
Ore : 40 ELECTRIC ARC
Alloys s 14 ™ FURNACE ®
Coke Breeze: 3 L—
Electrodes 10 .
Total : 2195 +@ Slag = 154
© ®r® ‘ 206)
SCARFING
9/ All Numbers in LB/ TON Steel. Y
/ e Steel : 2000 Steel: 2081
Scrap ¢ 60
1/

Figure 2-2, Mass balances~-integrated iron and steel industry.’
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TABLE 2-1. TYPICAL CONVERSION FACTORS UTILIZED FOR ENGINEERING
ESTIMATES OF QUANTITIES OF MATERIAL HANDLED

re— —— —— — —
= i — i —

i

Process Coaversion factor : Reference
Coke manufacture 1.0 unit coal

0.69 unit coke

Iron production 0.55 unit coke 2
1.0 unit iron

1.55 units of iron bearing marerial 2

1.0 unit irom

0.5 unit sinter Average of 5 years of
1.0 unit iron AIST data

1.0 unit iroa ore Calculated by dif-

1.0 unit irom ference

0.2 unit limestome 2
1.0 wmit iron

0.2 unit_slag 2
1.0 unit iron

or

0.3-0.4 unit slag 3

1.0 uwnit iron

or

0.2-0.35 unit slag 1
1.0 uwnit irom

BOP steel production 0.7 unit hot metal \
1.0 unit BOF steel

0.3 unit serap
1.0 unit BOF steel

OHF gteel production 0.45+«0.55 unit hot metal

1.0 unit QHP steel

0.45-0.55 unit scrap
1.0 unit OHF steel Y,
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Home scrap includes crop ends, skull, spills, rejected semi-finished
products, trimmings, and so on. In general, 357 of the raw steel manufactured
into finished products will end up as home scrap.z

Source Extent--

In 1976, 25 million tons were used in EAFs, 26,3 million tons in BQOFs,
and 12.3 million tons in OHFs. Home scrap constitutes about 55% of total
scrap used by the iron and steel industry, and purchased scrap makes up the
remainder.

Emission Characteristics~-

The emission characteristics for torch cutting of scrap are assumed to
be similar to those from scarfing. The most salient and probably the most
important characteristic of scrap cuttipng emissions is the fine size of the
particulate released.

2.1.2 Sintering

Source Description--

As the fused layer of sinter leaves the sinter machine, it drops into
the sinter breaker and is passed through a hot screening process, .The prop-
erly sized material is passed through the cooler which is normally of the in-
duced draft, annular type. Finally, the sinter is transported to the cold
screen where the proper size sinter is separated out and sent to the blast
furnace.

The process sources of fugitive emissions in sinter plants are: (a)
strand discharge, which normally includes the sinter breaker and hot screen,
(b) cooler discharge, and (c) the cold screen. MRI feels that since the
windbox is under negative operating pressure, windbox leakage is not a source
of fugitive emissions.

Source Extent--

As of 1974, there were 36 sintering facilities in existence in the
United States, with plant capacities ranging from 2,000 to 6,000 tons of
sinter per day.=" Sinter production in the United States has been on a
downward trend for the last 10 years.éj This trend can be attributed to
the depletion of several natural iron ore mines and the necessity to uti-
lize the lower grade taconite ores which are pelletized at the mine site.

In 1976, 36,300,000 tons of sinter were produced within the steel industry.gl

Emissions Characteristics--

As indicated in Table 2-2, particulate emissions from sintering are
coarse in comparison with other process fugitive emissions. Only 5% of the
sinter plant fugitive emissions are smaller than 5 um. The composition given
in Table 2-2 is actually for windbox emissions, but it is assumed that the
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composition of emissions from sources downstream of the windbox is the same,
since the sinter undergoes only physical handling and sizing processes.

2.1.3 Hot Metal Transfer

Source Description=-=-

. Every BOF shop and most OHF shops have a hot metal transfer statiom. At
these stations, the torpedo car from the blast furnace pours molten iron
either into the charging ladle or into a mixer which is subsequently tapped
into the charging ladle. It is the violent mixing during these pours that
produces iron oxide emissions. Another type of emission produced is kish,
which consists of carbonaceous, flake-like particles that leave the molten
iron as it begins to cool.

Source Extent--
In 1976, 82,900,000 tons of hot metal were produced within the industry
and virtually all of this hot metal was transferred prior to processing.

Emissions Characteristics--

Table 2-2 shows that the fugitive particulate emissions from the hot
metal transfer station are coarse in comparison to the other process fugitive
emissions. This is due mainly to the fact that the kish, which is much larger
in size than the iron oxide particles, is produced in greater weight, thus
shifting the combined size distribution toward the coarse end of the spectrum.

2.1,4 Hot Metal Desulfurization

Source Description--

Fugitlve emissions are generated by the addition of desulfurizers to hot .
metal at a position between the blast furnace and the steel-making furnace.
Emissions result from (a) agitation of the hot metal as the desulfurizer is
added, (b) handling of the desulfurizer, (¢) natural rejection of carbon by

the hot metal, and (d) skimming of the slag into a pot.

Source Extent--
The percentage of hot metal presently desulfurized between the blast
furnace and the steel furnace has not been published.

Emigsion Characteristics--

Little is known concerning the characteristics of emissions from hot
metal desulfurization, One of the constituents is kish, which has been pre-
viously described. Another of the constituents is iron oxides arising from
the agitation of the hot metal. A third constituent of the emissions is the
desulfurizer itself. Some possible desulfurizers are CaC,, Ca0, NaCO3, NaOH,
Mg, and CaCOj. '




2.1.5 Electric Arc Furnaces

Source Description=-«-

The sources of fugitive emissions from electric arc furnaces are charg-
ing, tapping, slagging, and electrode port leakage. Of these four sources,
only the first three are of regular occurrence, During scrap charging, the
furnace roof is removed and the direct shell evacuation (DSE) system is ren-
dered ineffective. Charging emissions are generated when dirty or oily scrap
is dropped into contact with the hot furnace lining. During tapping, the
furnace tilts forward, and the emissions occur as the molten steel enters the
tapping ladle. During slagging, the furnace tilts back and the emissions oc=
cur as the molten slag enters the slag pot, In both tapping and slagging, it
is the violent mixing of the molten material that produces the fume.

Emissions during meltdown and refining stages are generally captured by
the DSE system, When, for some reason, the draft on the furnace produced by
 the DSE system is reduced, fumes escape through the electrode ports.

Source Extent--

Electric arc furnaces are increasing in number in the United States. In
1972, there were 299 operating EAFs; and 450 furnaces are projected to be in
operation by 198019/ 1 1976, EAF production consisted of 697 carbon steel,
247 alloy steel, and 7% stainless steel. In terms of total steel production,
EAFs produced 157% of carbon steel, 417 of the alloy steel and 1007 of the

stainless steel for a total of 207 of the entire U.S. steel production (see
Table 2-3).2/

TABLE 2-3, 1976 RAW STEEL PRODUCTION BY TYPE OF FURNACEQ/
Production Percentage of
Furnace (1,000 tons) total
Electric are 24,600 20
Open hearth 23,500 18
Basic oxygen 79,900 - 62
Total 128,000 100

Emission Characteristics--

The major characteristics of EAF fugitive emissions are particle fine-
ness and low degree of plume buoyance. The emissions are cooled rapidly as
they travel from the EAF to the building monitor. The composition of the
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particles is dominated by iron oxide and zinc oxide, with the latter being

. prevalent when galvanized scrap is in the charge.

2.1.6 Basic Oxygen Furnaces

Source Description--

The sources of fugitive emissions from basic oxygen furnaces are charg-
ing, tapping, slagging, puffing, deskulling, and leakage from the lance port
and primary hood. The first three sources occur regularly, but the last three
occur infrequently. During charging, tapping, and slagging, the furnace is
tilted from underneath the primary hood so that emissions generated in these
three positions, unless captured, will rise and leave through the building
monitor. Puffing is caused by the production of fume too large in volume for
the primary hood to handle. This fume escapes between the mouth of the fur-

_nace and the primary hood when the hood is of the open type. When the hood is

of the closed or combustion suppression type, puffing is nonexistent. Deskull-
ing emissions are generated during the removal of hardened steel at the mouth
of a BOF with a gas cutting lance. Finally, leakage around the lance port and
through the openings of a sectionalized primary hood occurs in a few isolated
cases. Normally, the negative pressure inside the primary hood prohibits this
type of emission. '

Source Extent--

BOF steel production has increased dramatically in the last decade in the
United States, with BOF shops frequently replacing OHF shops. By 1980, 90 BOF
furnaces will be in operation with individual furnace capacities ranging from
75 to 350 tomns. In 1976, BOF production consisted of 92% carbon steel and 8%
alloy steel. In terms of total steel production, BOFs produced 66% of the
carbon steel and 447 of alloy steel for a total of 62% of the total U.S. raw
steel production (see Table 2-3) .2

Emissions Characteristics--

BOF fugitive emissions escape to the atmosphere through the roof monitor.
Although there is no standard design for roof monitors, one monitor is known
to be 8 x 500 ft and to have an emission stream exit velocity ranging from
500 to 800 fpm. Particulate emissions from the BOF consist mainly of Fe,04.
The particle size data available for BOFs are contradictory, with the frac-
tion smaller than 5 pm ranging from 0.06 to 0.90; in Table 2-2, 0.5 has been
chosen as an average. '

2,1,7 Open Hearth Furnaces

Source Description-« _

The sources of fugitive emissions from open hearth furnaces are charging,
leakage, tapping, and slagging. Charging emissions result from the addition
of hot metal or scrap into the hot furnace. Leakage emissions occur as a result
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of improperly positioned charging/tapping doors and from oxygen lance-port
leakage. Tapping and slagging emissions result from the violent mixing of
the poured molten material.

Source Extent--

The increase in new BOF steelmaking capacity in the United States is off-
setting the decrease in OHF steelmaking capacity. OHFs accounted for 55% of
steel produced in 1967, but by 1976 the percentage of steel produced in OHFs
had decreased to 18% (see Table 2-3). Some forecasters have predicted the
virtual extinction of the open hearth furnace by 1990,

Emissions Characteristicg=-
The fugitive emissions characteristics of open hearth furnaces are simi-
lar to the other types of steelmaking furnaces.

2.,1.8 Slag Quenching

Source Description-«

The fugitive emission source considered here is addition of water to
blast furnace and steel furnace slag for the purpose of cooling., The fugi-
tive emission of primary concern is gaseous H,S.

Source Extent-- _

Calculations show that approximately 25 million tons of blast furnace
slag were produced in 1976. The percentage of this slag that was water cooled
is unknown.

Emission Characteristicsge--
Little is known concerning the amount of HyS produced by slag quenching.

2.1.9 Teeming

Source Description-- _
The fugitive emission sources of concern in teeming are handling of ladle
additions and agitation of molten steel during pouring and ladle additions.

Source Extent--

Nearly all molten steel is .either teemed into ingot molds or poured into
a tundish feeding continuous casting strands. The amount of steel requiring
ladle additions during teeming is unknown.

Emission Characteristics--
No known tests have been performed to characterize teeming emissions.
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2.1,10 Scarfing

Source Description--

Prior to rolling mill operations, the billets, blooms and slabs are in-
spected so that defects potentially detrimental to the finished products may
be removed by chipping, grinding, or scarfing. Of these operations, scarfing--
either by hand or machine--produces the greater amounts of fugitive emissions.
Both scarfing operations employ methods to burn off the outer steel layer.
Fugitive emissions occur from leaks from the machine scarfer's control equip-
ment and from open (outdoor) hand scarfing.

Source Extent-- 11/
0f the total steel produced, approximately 20 to 50%—' is scarfed,

- mainly by machine scarfing.

Emissions Characteristics--
As indicated in Table 2-2, emissions from steel scarfing consist largely
of fine particles, which because of enhanced light scattering potential, may

create dense plumes.

2.2 OFEN DUST SOURCES

Fugitive emissions are discharged from a wide variety of open dust sources
within an integrated iron and steel plant. Because open dust source emissions
heights are usually less than 10 m above the ground, the open dust source im-
pact at the plant boundary and surrounding areas is greater than the impact of
the elevated high-temperature process source having the same emission rate.
This section gives information on source description, source extent, and emis-
sions characteristics of the following open dust sources: materials handling,
storage pile activities, vehicular traffic and wind erosion of exposed areas.

2,2,1 Materials Handling

Source Description-- ‘

There are numerous fugitive dust emission points associated with the han-
dling of raw, intermediate and waste materials in the integrated iron and steel
industry. This section traces the methods by which these materials are un-
loaded from barges and railcars and transferred by conveyors.

Figure 2-4 presents a typical flow diagram for materials handling in the
iron and steel industry. Raw materials enter an iron and steel plant by
barge, rail, and to a lesser extent by truck. Barges are unloaded by clam-
shell bucket or conveyor bucket-ladder methods, This transfer process yields
fugitive dust when the material is dropped onto a nearby storage pile or un-
derground conveyor. ’
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Railecars are unloaded at side dump, rotary dump, or bottom-hopper dump
stations. The side railcar dump unloading process, which is associated with
the ore bridge system, turns the loaded car at almost a 90-degree angle; and
the material falls into a special motorized railcar. At a specific location,
this car drops the material through side chutes into a pit. The material is
picked up by a clamshell bucket and is dropped onto a storage pile. Fugitive
dust emission points occur during: (a) railcar side dump, (b) motorized car
side chute dump; and (¢) dropping of the material from the clamshell bucket
onto the pile.

The rotary dump railcar unloading process rotates the railcar 180 degrees
with the material falling onto an underground conveyor. The material is moved
'by conveyor to the storage pile area. Up to this point, fugitive dust emis-
sions occur at the rotary dump station and at conveyor transfer stations.

The bottom dump railcar process utilizes bottom-hopper railcars which
drop their contents onto an underground conveyor. The conveyor moves the ma-
terial to the storage pile area. Fugitive dust emissions points occur at the
bottom dump railcar station and at transfer stations along the conveyor route.

The transport and subsequent transfer of materials via conveyor systems
are open sources of fugitive dust emissions. Dust emissions attributed to
the actual conveyor transport of materials is a relatively insignificant
source of emissions. This is due to the configuration of the open conveyor
belt, which is U-shaped and shields the material from the forces of wind un-
der average wind speed conditions, During high wind speed conditions, how-
ever, wind blown dust emissions can occur during conveyor transport of mate-
rials,

Significant fugitive dust emissions occur at conveyor transfer stations.
Here the conveyed materials are transferred from one conveyor network to
another. The mixing of the exposed free falling aggregate materials and re-
sultant drop onto a conveyor creates noticeable dust emissions.

Fugitive dust emissions result also from the physical sizing of materials
at conveyor screening stations. Here materials pass through a series of
screens to separate fine and coarse fractions. Certain steelmaking processes
such as coking and blast furnaces require materials to be coarse in size;
other processes, such as sintering, utilize materials that are fine in size.

Source Extent=-=-

Every integrated iron and steel plant has facilities for the unloading
and subsequent conveyor transfer and screening of various materials used or
produced in the steelmaking processes. Major raw materials include lump iron
ore, iron-bearing pellets, coal, flux materials (limestone, dolomite, etc.)
and scrap metal. Major intermediate materials include coke and sinter, while
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waste materials include slag and flue dust. Industry-wide usage levels of
these major materials in 1976 are presented in Table 2-4,

TABLE 2-4., 1976 INDUSTRY-WIDE PRODUCTION AND RECEIPT
OF INPUT MATERTALSS

Production and receipt

Input material (106 tons)
Lump iron ore 17.5
Iron ore pellets 86.7
Coal 79.1
Coke 60,9
Flux 29.5
____Serap metal 68.3

Published data describing the characteristics of fugitive emissions from
materials handling were found to be sparse. Because of this, a conveyor trans-
fer station was included in the source testing phase of this study, to be de-
scribed in Section 3.3.2 of this report. Table 2-5 presents available infor-
mation concerning materials handling emissions characteristics,

2.2.2 Storage Pile Activities

Source Description--

The production of finished steel products entails the stockpiling of
large amounts of raw, intermediate and waste materials. The majority of
these materials remain in storage for periods ranging between 5 to 60 days;
however, certain materials, such as waste products, may remain in storage
for several years before further usage. Fugitive dust emissions associated
with open storage piles result from four source activities: (a) load-in or
addition of material to a storage pile; (b) vehicular traffic around storage
piles, usually related to maintenance of pile configuration; (c) wind erosion
of exposed pile surface; and (d) load-out or removal of material. Figure 2-4
depicts these source activities relative to the previously mentioned materi-
als handling,

In the iron and steel industry, storage pile material load-in ig accom-
plished by: (a) gantry-crane clamshell buckets; (b) conveyors attached to
stationary and mobile stackers; and (¢) front-end loaders. Fugitive dust
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emissions occur as the material is being dropped onto the storage pile, ex-
posing suspendable dust to ambient air currents.

Vehicular traffic around storage piles, consisting of the movement of
front-end loaders, bulldozers, and trucks, generates fugitive dust emissions
by traveling over a dust-laden surface, usually consisting of the storage pile
material. Contact of the vehicle with the surface causes pulverization of
surface material and lifting of suspendable fines into wind currents.

Fugitive dust emissions also result from the wind erosion of storage
piles. The threshold erosion wind velocity for this phenomenon is believed
to be 12 mph.l%/ Fine particles are injected into the atmosphere mostly as
the result of momentum transfer when saltating (bouncing) particles of larger
size strike the surface.

The load-out process is also a source of fugitive dust emissions. Meth-
ods used for reclaiming storage pile material include: (a) "raking" materials
onto underground conveyors; (b) front-end loading and transfer of materials to
conveyor bins; (c¢) mobile "bucket-wheel" reclaiming onto underground conveyors;
(d) bottom feed plow of material (underneath the pile) to underground convey -
ors; and (e) clamshell bucket removal of material to underground conveyors or
highline cars. The quantity of fugitive dust emissions realized from these
Processes is dependent on the relative mechanical force associated with the
reclaiming procedures and material silt and moisture.

Source Extent--

Table 2-6 summarizes the data pertaining to the source extent of storage
pile activity in the iron and steel industry. Values presented are averages
obtained from four open dust surveys which were conducted as part of this
study as reported in Section 4.

Emissions Characteristicg--

Table 2-7 presents emissions characteristics of the four specific storage
pile activities. These data are based largely on the results of Source test-
ing conducted asg part of this study.

2.2.3 Vehicular Traffic

Source Description--

Motor vehicles are utilized extensively in the integrated iron and steel
industry. Employees' vehicles are driven into the plant; light-duty plant
vehicles (cars, pickups, vans, etc.) transport employees to and from differ-
ent plant areas; and trucks of various sgizes (5 to 70 tons loaded weight)

roads.
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Unpaved road surfaces produce substantially greater emissions than paved
roads with the same traffic. Within an iron and steel plant, unpaved roads
are usually surfaced with slag or dirt. These roads may be constructed with
a firm roadbed or may consist of trails made by the traveling vehicles. The
roads may periodically be maintained by adding graded crushed slag and dirt
or may be left to the abuse of vehicles and the weather.

Paved roadways, which predomlnate in the iron and steel industry, are
easier to maintain., However, if the surface dust loading on a paved roadway
is allowed to increase, the level of dust emissions may approach that of an
unpaved road.

Source Extent--

Data on average vehicle miles traveled on unpaved and paved roads within
an integrated iron and steel plant have been compiled from four plant surveys
of open dust sources conducted by MRI as part of this study (see Section 4.0).
Table 2~8 summarizes the results of the surveys.

Emissions Characteristics=--

Table 2-9 presents characteristics of dust emissions generated by vehicu~-
lar traffic on unpaved and paved roads. These data are based largely on the
results of source testing conducted as part of this study.

2,2,4 Wind Erosion of Exposed Areas

‘Source Deseription--

Typically within the boundary of an iron and steel plant, there are land
areas which are devoid of vegetation and unprotected by building structures.
Exposed areas include empty employee parking lots, railroad bed areas, de-
molished building sites, vacant finished product storage areas, vacant tractor-
trailer staging areas, landfill areas, areas between plant buildings and areas
left vacant for future plant development. These bare ground areas are suscepti=-
ble to dust reentrainment induced by the eroding action of the wind. Wind ero-
sion is assoclated with wind speeds greater than the threshold erosion velocity
of 12 mph.lg

Although land area may be left bare of vegetation for a variety of rea-
sons, the major controlling factor is the lack of a proper soil medium for
vegetative growth., Most iron and steel plants are built on slag-covered areas
which do not induce dense vegetative growth. What vegetation may grow is oc-
casionally driven upon by plant vehicles or sprayed with weed-killing compounds
to decrease potential Ffire hazards.,

Source Extent--

Data on average acreage of exposed area within an integrated iron and
steel plant have been compiled from the four plant surveys of open dust sources
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which were conducted as part of this study. Table 2-10 summarizes the results
of the surveys.

Emissions Characteristics--

Data related to the emissions characteristics of dust resuspended by wind
from exposed areas are presented in Table 2-11. It is evident that little is
known about this fugitive emission source.
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EXPOSED AREA SOURCE EXTENT
(Average Surveyed Plant)2

Annual
- percentage
Plant Exposed Unsheltered Surface Surface of time Precipitation
area area exposed area erodibility silt content wind speed evaporation
(acres) (acres) (acres) (tons/acre-year) (%) exceeds 12 mph index
1,007 158 94 47 16 28 63
a/ Based on average of four open dust surveys (see Scction 4.0).
TABLE 2-11. EXPOSED ARFA EMISSIONS CHARACTERISTICS
Weight Weight
percentage percentage
Injection of suspended of fine Density Probable
height particles particles (g/cms) constituents
Ground level Na NA NA CaC0g,
SiOz,
FeO,
5122(33

NA Not Available.
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SECTION 3.0

FUGITIVE EMISSIONS QUANTIFICATION

This chapter contains a discussion of the emission factors currently
available to estimate fugitive emissions in the iron and steel industry. The
major measurement and estimation techniques utilized to quantify fugitive
emission are delineated. Previously measured or estimated factors and parti~
cle size distributions are pPresented along with a precise literature refer-~
ence, where possible. The results of field testing of open dust sources are
discussed, The recent tests are used to develop or modify predictive emig-
sion factor formulas. Finally, the best available emission factors are sug-
gested,

3.1 QUANTIFICATION TECHNIQUES

In large part, proven methods for quantifying fugitive emissions have
not been fully developed. Atypical quantification problems are presented by
the diffuse and variable nature of fugitive sources. Standard source testing
methods, as written, strictly apply only to well defined, constrained flow
fields with velocities above about 2 m/sec. Such methods are applicable to
fugitive emissions only if it is possible to capture the entire plume by means
of an enclosure or hooding device.

There are two general classes of techniques utilized to quantify fugi-
tive emissions: measurement and estimation. For field measurement of fugi-
tive emissions three basic techniques have been suggestedléf which are sum-
marized as follows:

1. The quasi-stack method involves capturing the entire emissions stream
with enclosures or hoods and applying conventional source testing techniques
to the confined flow.

2. The roof monitor method involves measurement of concentrations and
air flows across well defined building openings such as roof monitors, ceiling
vents, and windows.

3. The upwind/downwind method involves measurement of upwind and down-
wind air quality, utilizing ground-based samplers under known meteorological

3-1
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conditions and calculation of source strength with atmospheric dispersion
equations.

MRI has developed two additional measurement techniques, exposure profil-
ing and dilution profiling,lé/ which offer distinct advantages over the above
methods for source-specific quantification of fugitive emissions, as dis-
cussed below. The exposure profiling method was designed for measurement of
open dust source emissions, while the dilution profiling method was designed
for quantification of emissions from elevated temperature sources released
within a building.

MRI's exposure profiling method involves direct measurement of the total
passage of fugitive emissions immediately downwind of the source by means of
similtaneous multipoint sampling over the effective cross-section of the fug-~
itive emission plume. Unlike conventional upwind/downwind testing, exposure
profiling vields source-gpecific emission data needed to evaluate the prior-
ities for emission control and the effectiveness of control measures., More-
over, based on MRI field tests of several types of open dust sources, the ac-
curacy of measurements obtained by exposure profiling is better than that
achievable by the upwind/downwind method, even with site-specific calibration
of the dispersion model used in the latter method.

MRI's dilution profiling method involves multipoint monitoring of tem-
perature over the effective cross-section of a buoyant plume and the use of
similtaneous measurements of concentration at selected pointg to convert
plume temperature profileg to concentration profiles. As in the case of ex-
posure profiling, dilution profiling yields the type of source-specific data
that would be obtained from quasi-stack testing without the often impractical
requirement of enclosing the source, MRI has successfully demonstrated the
dilution profiling method on a laboratory scale source.

None of the reported emission factors for fugitive sources in the iron
and steel industry have been obtained by the quasi-stack technique, This is
because of the high cost associated with enclosing the large sources found in
the industry and the production interference caused by even the temporary
utilization of such a technique.

The roof monitor technique has been the most widely used to quantify
process source emissions, although significant problems are encountered be-
cause of the large size of monitor openings and because plume overlap pre-
cludes the determination of source-specific contributions,

Several of the available fugitive emission factors for integrated iron
and steel plants have resulted from estimation techniques rather than mea-
surement techniques. Estimating techniques include: (2) use of fixed per-
cent of uncontrolled stack emissions; (b) application of data from similar
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processes; (c) engineering calculations; and (d) visual correlation of opac-
ity and mass emissions. Wide use of estimating techniques has been emp loyed
because of the difficulty of testing and the lack of recognized standardized
methods for measuring fugitive emissions.

The most promising and accurate technique for quantifying open dust
sources (storage piles, vehicular traffic on unpaved roads, etc.) in the iron
and steel industry ig exposure profiling. The method ig source-specific and
its increased accuracy over the upwind/downwind method is a result of the fact
that emission factor calculation does not require the use of an atmospheric
dispersion model, Exposure profiling is compared with conventional upwind/
downwind sampling in the subsections below.

3.1.1 Open Dust Source Quantification by Upwind/Downwind Method

The upwind/downwind method has frequently been used to measure fugitive
particulate emissions from open (unconfinable) gsources, although only a few
studies have been conducted in the integrated iron and steel industry. Typ-
ically, particulate concentration samplers (most often high-volume filtration
samplers) are positioned at a considerable distance from the source (for ex-
ample, at the property line around an industrial operation) in order to mea-
sure the highest particulate levels to which the public might be exposed. The
calculation of the emission rate by dispersion modeling is often treated as
having secondary importance, especially because of the difficult problem of
identifying the contributions of elements of the mix of open (and possibly
confinable) sources.

While the ahbove strategy is useful in characterizing the air quality im-
pact of an open source mix, it has significant limitations with regard to con-
trol strategy development. The major limitations are as follows:

1. Overlapping of source plumes precludes the determination of source-
specific contributions on the basis of particulate concentration alone.

2. *Air samplers with poorly defined intake flow structure (including
the conventional high-volume sampler) exhibit diffuse cutoff size character-
istics for particle capture, which tend to be affected by wind conditions.li

3., TUncalibrated atmospheric dispersion models introduce the possibility
of substantial error (a factor of threelﬁ/) in the calculated emission rate,
even if the stringent requirement of unobstructed dispersion from a simpli-
fied source configuration is met.

The first two limitations are not a direct consequence of the upwind/
downwind method but of the way it is used. These limitations could be re-

moved by using samplers designed to capture all or a. known size fraction of
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the atmospheric particulate, and by designing sampler placement to isolate
the air quality impact of a well defined source operation.

However, there would remain the need to improve method accuracy by cali-
bration of the dispersion model for the specific conditions of wind, surface
roughness, and so on, which influence the near-surface dispersion process.
This need is evident from the significant sige of the variation in model-
calculated emission rates for aggregate process operations, based on data
from individual samplers operated simultaneously at different downwind loca-
tions.ll The suggested use of tracers for this purpose is complicated by
the characteristically diffuse and variable nature of an open dust source and
the need for a polydisperse tracer test dust approximating the particle size
distribution of the source emissions.

3.1.2 Open Dust Source Quantification by Exposure Profiling Method

As stated above, the exposure profiling method was developed by MRIQ&/
to measure particulate emissions from specific open sources, utilizing the
isokinetic profiling concept which is the basis for conventional source test-
ing, For measurement on nonbuoyant fugitive emissions, sampling heads are
distributed over a vertical network positioned just downwind (usually about
5 m) from the source. Sampling intakes are pointed into the wind and sam-
pling velocity is adjusted to match the local mean wind speed, as monitored
by distributed anemometers. A vertical line grid of samplers is sufficient
for measurement of emissions from line or moving point sources while a two-
dimensional array of samplers is required for quantification of area source
emissions.

Grid Size and Sampling Duration--

Sampling heads are distributed over a sufficiently large portion of the
plume so that vertical and lateral plume boundaries may be located by spatial
extrapolation of exposure measurements. The size limit of area gources for
which exposure profiling is practical is determined by the feasibility of
erecting sampling towers of sufficient height and number to characterize the
plume. This problem is minimized by sampling when the wind direction is paral.
lel to the direction of the minimum dimension of the area source.

The size of the sampling grid needed for exposure profiling of a partic-
ular source may be estimated by observation of the visible size of the plume
or by calculation of plume dispersion. Crid size adjustments may be required
based on the results of preliminary testing.

Particulate sampling heads should be symmetrically distributed over the

concentrated portion of the plume containing about 90% of the total mass flux
(exposure). For example, if the exposure from a point source is normally
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» as shown in Figure 3-1, the exposure values measured by the sam-
plers at the edge of the grid should be about 25% of the centerline exposure.

Sampling time should be long enough to provide sufficient particulate
mass and to average over several units of cyclic fluctuation in the emission
rate (for example, vehicle passes on an unpaved road). The first condition
is easily met because of the proximity of the sampling grid to the source.

Assuming that sample collection media do not overload, the upper limit
on sampling time is dictated by the need to sample under conditions of rela-
tively constant wind direction and speed. In the absence of passage of
weather fronts through the area, acceptable wind conditions might be antici-
pated to persist for a period of 1 to 6 hr.

Caleculation Procedure--

The passage of airborne particulate, i.e., the quantity of emissionsg per
unit of source activity, can be obtained by spatial integration (over the ef~
fective cross-section of the plume) of distributed measurements of exposure
(mass/area). The exposure is the point value of the flux (mass/area-time) of
airborne particulate integrated over the time of measurement, Mathematically
stated, the total mass emission rate (R) is given by:

rR=1 f 2(h,¥) ghaw
t a
A

where m = dust catch by eéxposure sampler after subtraction of background
a = intake area of sampler
t = sampling time

h = vertical distance coordinate

w lateral distance coordinate

1]

A = effective cross~sectional area of plume

In the case of a line source with an emission height near ground level,
the mass emission rate per source length unit being sampled is given by:

H
R=W f nh) dh
t a
0
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width of the sampling intake

where w

H = effective extent of the plume above ground_

In order to obtain an accurate measurement of airborne particulate expo-
sure, sampling must be conducted isokinetically, i.e., flow streamlines enter
the sampler rectilinearly. This means that the sampling intake must be aimed
directly into the wind and, to the extent possible, the sampling velocity must
equal the local wind speed. The first condition is by far the more critical.

If it is necessary to sample at a nonisokinetic f£low rate (for example,
to obtain sufficient sample under light wind conditions), multiplicative fac-
tors may be used to correct measured exposures to corresponding isokinetic
values,14,18/ These corrections require information on the particle size dis-

tribution of the emissions.

High-volume cascade impactors with glass fiber impaction substrates,
which are commonly used to measure particle size distribution of atmospheric
particulate, may be adapted for sizing of fugitive particulate. A cyclone
pPreseparator (or other device) is needed to remove coarse particles which oth-
erwise would be subject to particle bounce within the impactor causing Fine
particle bias.18/ opce again, the sampling intake should be pointed into the
wind and the sampling velocity matched to the mean local wind speed,

Based on replicate exposure profiling of open dust sources under varying
conditions of source activity and properties of the emitting surface, emis-
sion factor formulae have been derived that successfully predict test results
with a maximum error of 20%.l1%4/ These formulae account for the fraction of
silt (fines) in the emitting surface, the surface moisture content, and the
rate of mechanical energy expended in the process which generates the emis-
sions. Based on the above results, the accuracy of exposure profiling is
considerably better than the + 30% range given for the upwind/downwind method
with site-specific dispersion model calibration.l3

3.2 EMISSION FACTORS FOR PROCESS SOURCES

Table 3-1 presents the available fugitive emission factors for process
sources, While the number of available emission factors is large, the number
of well-quantified and well-documented factors is limited. If the estimated
factors are deleted, the resulting number of measured factors is less than 20
with several sources not yet measured. Table 3-2 shows the method of attain-
ment for each emission factor given in Table 3-1,;

For the most part measured fugitive emission factors have not been re-
ported in a rigorous, scientific manner.
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In any emissions quantification effort, one should determine beforehand all
the variables upon which the emission factor is dependent and then attempt to
quantify (or at least qualify) them during the field testing. Unfortunately,
many fugitive emission quantification programs, performed in a hurried effort
to acquire a value, have neglected to record properly all test conditions,
thus rendering the numerical result of limited use.

fn addition to recording all pertinent test conditions, it is also impor-
tant to record the test methodology in detail. The type of equipment used,
the flow rate of the mass sampling device, and the number and location of the
sampling points are but a few examples of the data that should be recorded.
Yet anyone scanning the literature is keenly aware of the distressing lack of
rigor in reporting test methodology.

Table 3-3 presents all the known particle size distributions for process
sources. It should be noted that tests on similar processes have yielded di-
vergent results, especially in the case of BOF furnaces. Were precise test-
ing methods recorded, this divergence may have been explainable.

Table 3-4 shows MRI selections of the best emission factors and particle
size distributions available for each source. It should be cautioned that
many of the 'best" values require further improvement.

3.3 EMISSION FACTORS FOR OPEN DUST SOURCES

This section presents the rationale used in determining emission factors
for open dust sources, as required for the subject investigation. Predictive
emission factor equations for open dust sources developed for MRI prior to
this project will be presented, along with the modified equations which incorx-
porate the results of the open dust source surveys and open dust source test-
ing performed during this study. Finally, the determination of the best emis-
sion factors or predictive equations for open dust sources associated with
integrated iron and steel plants will be presented.

3.3.1 Previously Available Emission Factors

In 1972, MRI initiated a field testing program to develop emission fac-
tors for four major categories of fugitive dust sources: unpaved roads, ag-
ricultural tilling, aggregate storage piles, and heavy construction opera-
tions. Prior to that study, little data had been generated for these sources.

Because the emission factors were to be applicable on a national basis,
an analysis of the physical principles of fugitive dust gemeration was per-
formed to ascertain the parameters which would cause emissions to vary from
one location to another. These parameters were found to be grouped into three
categories:
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1. Measures of source activity or energy expended (for example, the
speed and weight of a vehicle traveling on an unpaved road).

2, Properties of the material being disturbed (for example, the content
of silt in the surface material on an unpaved road).

3. Climatic parameters (for example, number of precipitation-free days
Per year on which emissions tend to be at a maximum).

By constructing the emiséion factors as mathematical formulas with multipli-
cative correction terms, the factors become applicable to a range of source

conditions limited only by the extent of the program of experimental verifi-
cation.

The use of the silt content as a measure of the dust generation potential
of a material acted on by the forces of wind and/or machinery, was an impor-
tant step in extending the appicability of the emission factor formulas to
the wide variety of aggregate materials of industrial importance. The upper
size limit of silt particles (75 pm in diameter) is the smallest particle size
for which size analysis by dry sieving is practical, and this particle size is
also a reasonable upper limit for particulates which can become airborne.
Analysis of atmospheric samples of fugitive dust indicate a consistency in
size distribution so that particles in specific size ranges exhibit fairly
constant mass ratios.

In order to quantify source-specific emission factors, MRI developed the
"exposure profiling" technique, utilizing the isokinetic profiling concept
which is the basis for conventional gource testing. Exposure profiling con-
sists of the direct measurement of the passage of airborne pollutant immedj-
ately downwind of the source by means of simultaneous multipoint sampling over
the effective cross-section of the fugitive emissions plume. Thisg technique
uses a mass-balance calculation scheme similar to EPA Method 5 stack testing
rather than Yequiring indirect calculation through the application of a gen-
eralized atmospheric dispersion model.

Prior to this study, MRI had used the exposure profiling method to de-
velop emissions for the following open dust sources:

1. Light-duty vehicular traffic on unpaved (dirt and gravel) roads.l&/

2. Agricultural tilling utilizing a one-way disk plow and a sweep-~type
plow under,l4/

3. Load-out of crushed limestone utilizing a 2,75 cu yard loader.l&/
4. Vehicular traffic on paved urban roadways.ig/
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These sources were tested under dry conditions (i.e., day time periods
at least 3 days subsequent to a precipitation occurrence) so that worst case
emissions could be determined and used as a basis for projecting annual emis-
sions. Additional testing of dust emissions from sand and gravel storage
piles was performed utilizing conventional upwind/downwind sampling to relate
emissions from aggregate materials handling to approximate emissions from
wind erosion and from traffic around storage piles.

Table 3-5 lists the measurements of source extent, the basic emission
factor formulae and the correction parameters associated with each pertinent.
source category. Supporting information for several of these factors is pre-
sented in EPA's Emission Factor Handbook (AP-42).22

Other than MRI's previous work, few emission factor data for open dust
sources exist. FEstimated emission factors have been developed for the han-
dling and transfer of storage materials. An uncontrolled emission factor of
0.033 1b/ton coke for coke being dumped into a blast furnace was calculated
from a measured blast furnace cyclone catch.g— This factor might be appli-
cable to a coke conveyor transfer station. A1S129/ estimated an emission
factor of 0.13 1b/ton of coke for a conveyor tranmsfer station. Also AISTZY
discovered an emission factor range from the literature of 0.04 to 0.96 1b/
ton coal for general coal handling, Speightgl/ estimated a value of 1,0 1b/
ton for general coal handling.

The factors presented in Table 3-5 describe emissions of particles
emaller than 30 pm in diameter, the approximate effective cutoff diameter for
capture of fugitive dust by a standard high volume particulate sampler (based
on particle density of 2 to 2.5 g/cm3).l&/ Analysis of parameters affecting
the atmospheric transport of fugitive dust indicates that approximately 25 to
507 of these emissions (i.e., the portion smaller than 5 pm in size) will be
transported over distances greater than a few kilometers from the source. '

3.3.2 Source Testing Results

Field testing of opén dust sources was performed at two integrated iron
and steel plants (designated as Plants A and E) as outlined below:
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Plant A

Fugitive dust source

Load out of high silt processed slag into truck
Load out of low silt product slag into truck
Mobile stacking of pelletized iron ore

Mobile stacking of lump iron ore

Liéht-duty vehicular traffic on unpaved road

Heavy-duty vehicular traffic on unpaved road

Plant E

. Fugitive dust source

Heavy-duty vehicular traffic on unpaved road 3
Light-duty vehicular traffic on unpaved road 3
Plant vehicle mix on paved road 3
Conveyor transfer station (sinter) 3

Criteria used in choosing the above sources for testing included (a) the rel-
ative importance of the various open dust sources determined from the plant
surveys (Section 4), (b) availability of accurate testing techniques for spe-
cific fugitive dust sources configurations, and (¢) accessibility of sources
for testing within the iron and steel plants.

One of the two plants (Plant A) was located in the western United States,
where climatological factors favor fugitive dust gemeration and the other was
situated in the eastern steel-producing section of the country. Presurveys
were performed to determine special testing equipment requirements and to fa-
miliarize plant personnel with the testing plan. A period of 2 weeks at each
plant was allocated for the testing program. Testing was performed only on
those days having (a) dry weather, (b) constant wind gpeed and direction, and
(c) sources available for testing.
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Thé primary tool for measuring fugitive dust generated from open dust
sources was the MRI Exposure Profiler. An adjustable horizontal cross-arm
with attached isokinetic air samplers complemented the vertical sampler mast
shown in Figure 3~2. This vertically oriented two-dimensional array of iso-
kinetic air samplers was utilized when testing (a) load out of processed
slag into a 35-ton truck via a 10 cu yard front-end loader (six tests), (b)
mobile stacking (pile formatiori/load in) of pelletized and lump iron ore ma-
terials (six tests), and (c) the transfer of sinter at a conveyor transfer
gite. At all times the MRI Exposure Profiler was positioned within 5 m of
the source with air samplers covering the effective cross-section of the fug-
itive dust plume,

Testing of dust emissions from.vehicular traffic on unpaved roadways was
performed with the MRI Exposure Profiler without the horizontal cross-arm.
Twelve tests were performed in this manner with the Exposure Profiler situ-
ated at a distance of 5 m from the roadway edge. The vertical line grid of
isokinetic air samplers spanned the distance from the ground to the effective
height of the fugitive dust plume.

Other equipment utilized in the testing included (a) cascade impactors
with cyclone preseparators for particle sizing, (b) high-volume air samplers
for determining upwind particulate concentrations, (c) dustfall buckets for
determining particulate deposition, and (d) recording wind instruments util-
jzed to determine mean wind speed and direction for adjusting the MRI Expo-
sure Profiler to isokinetic sampling conditions. A detailed presentation of
the testing methodology is provided in Appendix A.

The results of the field testing are provided in Tables 3-6 through 3-8.
Table 3-6 presents the various emission tests parameters recorded during the
actual field testing. Tables 3-7 and 3-8 present the emission factors for
suspended particulates (particles smaller than 30 um in Stokes diameter) and
for fine particulates (particles smaller than 5 um in Stokes diameter), along
with surface material and wind speed characteristics.

A further explanation of the source testing results is presented in Ap-
pendix B. In order to find emission factors corresponding to particle size
cutoffs other than 30 um and 5 pm, the following steps must be taken utiliz-
ing data given in Appendix B:

1. For a given test, construct a straight-line particle size distribu-
tion on log-probability graph paper using the values for weight percents
smaller than 30 and 5 um.

2. Determine the value for weight percent smaller than the desired di-

ameter (Dp).
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Figure 3-2. MRI exposure profiler.
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3. Calculate the emission factor for particles smaller than D
the following expression:

p using

% <D
EF = EF x | 2~ P

3.3.3 Refinement of Predictive Equations

This section presents refined emission factor equations for open dust
sources, which have improved predictive capability in comparison to the equa-
tions presented in Table 3-5. The precision of the equations 1s illustrated
in tables of testing results and corresponding predicted emissions. Figure
3-3 gives the quality assurance (QA) rating scheme used to evaluate the pre-
dictive reliability of the refined emission factor equations. Section 3.3.4
describes methods for determination of correction parameters which appear in
the equations.

Vehicular Traffic-- _

Figure 3-4 shows the predictive emission factor formula. for vehicular
traffic on unpaved roads. The coefficient and the first two correction terms
are identical to the expression given in AP-42-2-2 as follows:

0.6 (0.81 s) (3%

which describes the emissions of particles smaller than 30 pm in Stokes diam-
eter generated by light duty vehicles traveling on unpaved roads. The weight
correction term was developed and the previous terms verified on the basis of
the testing which was conducted as part of this study.

Table 3-9 compares measured emissions with predicted emissions as calcu-
lated from the equation given in Figure 3-4. With the exception of Run E3,
the results agree within about + 20%.

Table 3-10 indicates that for Runs A7, E4, E5, and E6, measured emissions
from light duty vehicles were significantly higher than estimated by the for-
mula. The reason for this appears to be that heavy duty vehicles had traveled
the test roads prior to sampling, creating a loading of surface silt in excess
of the amount found on roads traveled only by light duty vehicles. One way of
handling this problem is to use the average vehicle weight for roads traveled
by a mix of vehicle types. The effective vehicle weights, given in Table 3-10
were back calculated from the actual emissions.
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OPEN DUST SOURCE: Vehicular Traffic on Unpaved Roads
QA RATING: B for Dry.Conditions

C for Annual Average Conditions

EF =5.9 (-]%) (sio)("sv)o 8 (365) Ib/vehemi

Determined by profiling
of emissions from light-
duty vehicles on gravel
and dirt roads under
dry conditions.

Estimated factor to
account for mitigating
effects of precipitation
over period of one
year.

Determined by profiling of emissions from
medium= and heavy-duty vehicles on gravel
and dirt roads under dry conditions,

where: EF =suspended particulate emissions (lb/veh-mi)
s =silt content of road surface material (%)
S =average vehicle speed (mph)
W = average vehicle weight (tons)
d =dry days per year

Figure 3-4, Predictive emission factor equation for vehicular

traffic on unpaved roads.
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The final term in the emission factor formula given in Figure 3-4 is used
to reduce emissions from dry conditions to annual average conditions. The
simple assumption is made that emissions are negligible on days with measur-
able precipitation and are at a maximum on the rest of the days. Obviously
neither assumption is defendable alone but there is a reasonable balancing ef-
fect. On the one hand, 0.0l in. of rain would have a negligible effect in re-
ducing emissions on an otherwise dry, sunny day. On the other hand, even on
dry days, emissions during early morning hours are reduced because of over-
night condensation and upward migration of subsurface moisture; and on cloudy,
humid days, road surface material tends to retain moisture. Further natural
mitigation occurs because of snowcover and frozen surface conditions. 1In any
case, further experimentation is needed to verify and/or refine this factor.

Figure 3-5 shows the predictive emission factor formula for vehicular
traffic on paved roads. As indicated, the coefficient and the first two cor-
rection terms were determined by field testing of emissions from traffic (con-
sisting primarily of light duty vehicles) on arterial roadways and on a test
strip that was artifically loaded with surface dust in excess of normal levels.
The vehicle weight correction term was added by analogy to the experimentally
determined factor for unpaved roadways, and more testing is needed to confirm
the validity of this correction term.

Table 3-11 compares measured emissions with predicted emissions as cal-
culated from the equation given in Figure 3-5. Although measured emissions
from medium duty .and heavy duty vehicles traveling on a paved roadway at
Plant E were substantially in excess of the predicted levels, this is thought
to be due to resuspension of dust from vehicle underbodies. This phenomenon
was visually evident as the heavy duty vehicles traveled from an unpaved area
onto the paved roadway.

It should be noted that the emission factor for reentrained dust from
paved roadways contains no correction term for precipitation., Although emis-
sions from wet pavement are reduced, increased carryover of surface material
by vehicles occurs during wet periods, and emissions reach a maximm when the
pavement dries. More testing would be helpful in analyzing the net effects
of precipitation on reentrained dust emissions.

Storage Pile Activities--

Figure 3-6 gives the predictive emission factor formula for storage pile
formation (load-in) by means of a translating conveyor stacker, The equation
is based on the results of field testing of emissions from the stacking of
pelletized and lump iron ore at Plant A. The effect of wind speed on emis-
sions occurs presumably because of the increased atmospheric exposure of sus-
pendable particles during the drop from the stacker to the pile, Table 3-12
compares measured emissions with predicted emissions as calculated from the
predictive equation.
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OPEN DUST SOURCE: Vehicular Traffic on Paved Roads
QA RATING: B for Normal Urban Traffic
C for Industrial Plant Traffic*

0.8
- S L\ (WY ;
| It Il }

l

Determined by Assumed by analogy

profiling of to experimentally

emissions from determined factor

traffic (mostly for unpaved roads.

light=duty ) on ' * Tests of industrial

arterial roadways plant traffic yielded

with values for higher than predicted

s and L assumed. . emissions, presumably
due to resuspension of
dust from vehicle
underbodies.

Determined by profiling of emissions from

light-duty vehicles on roadway which was
artificially loaded with known quantities

of gravel fines and pulverized topsoil.

where: EF = suspended particulate emissions {lb/veh-mi)
s =silt content of road surface material (%)
S =average vehicle speed (mph)
W = average vehicle weight (tons)
L = surface dust loading on traveled portion
of road (Ib/mile)

Flgure 3-5. Predictive emission factor equation for vehicular
traffic on paved roads.
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OPEN DUST SOURCE: Storage Pile Formation by Means of
Translating Conveyor Stacker

QA RATING: B

(3
5\5
EF =0.0018 ( ) Ib/ton

2
{ J

Determined by profiling of emissions
from pile stacking of pelletized and
lump iron ore.

where: EF = suspended particulate emissions
(Ib/ton of material transferred)
s =silt content of aggregate (%)
M= moisture content of aggregate (%)
U = mean wind speed (mph)

Figure 3-6. Predictive emission factor equation for storage
pile formations by means of translating
conveyor stacker,
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Note that emissions from Tests All and Al2 are significantly greater
than predicted during the early stages of pile formation. This is thought to
be due to the increased atmospheric exposure of falling material resulting
from increased drop distance during the early stages of pile formation. The
same effect is not observed in the case of pellets (an artificial aggregate)
possibly because emissions appear to be concentrated at the drop end of the
stacker and from the pile surface as pellets bounce and roll. The possible
effect of drop distance and dust emission should be further quantified by
field testing.

Figure 3-7 gives the predictive emission factor formula for transfer
(load-out) of aggregate from a loader to a truck. The equation is based pri-
marily on field testing of emissions from the transfer of crushed slag at
Plant A. It has the same form as the Predictive equation for storage pile
stacking, except for the addition of a term containing the bucket size of the
loader. This term was derived by comparing the results for the 10 cu yard
loader with results obtained several years ago for load-out of crushed limestone
with a 2.75 cu yard loader. Table 3-13 compares measured emissions with emig-
sions calculated from the predictive equation,

Figure 3-8 presents the emission factor formula for dust emissions from
vehicular traffic around storage piles. The coefficient in this equation was
determined from conventional upwind/downwind sampling of total emissions from
a sand and gravel storage pile area during periods of activity (load-in, load-
out, traffic) and periods of inactivity (wind erosion only). The first two
correction terms were added by analogy to experimentally determine factors for
other sources. The climatic factor assumes, as in the case of unpaved roads,
that emissions occur only on dry days; the value of 235 dry days was obtained
by extending to an annual period the frequency of measurable precipitation
which was observed during the 30-day test period.=t Because of the potential

inaccuracies of the sampling methodology and the number of assumptions used
in deriving the correction terms, this predictive emission formula is assigned
@ relatively low quality assurance rating.,

Figure 3~9 presents the emission factor formula for dust emissions gener-
ated by wind erosion of storage piles. The coefficient in the equation was
determined from testing inactive sand and gravel storage piles, as noted above.
The factor of 0.11 1b/ton (i.e., 33% of 0.33 Ib/ton) was cut in half to adjust

for the estimate that the average wind speed through the emission layer was one-
half of the value measured above the top of the piles. The other terms in the

equation were added to correct for silt, precipitation and frequency of high
winds. For the reasons given above with respect to the factor for traffic,
this predictive equation requires substantial additional testing to increase
its QA rating to an acceptable level.
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OPEN DUST SOURCE: Transfer of Aggregate from Loader to Truck
QA RATING: B

EF =0.0018 (“A?\')’T—Y') Ib/ron
2/ \é

Determined by profiling of emissions
from load-out of crushed steel slag
and crushed limestone.

where: EF = suspended particulate emissions
(Ib/ton of material transferred)
s =silt content of aggregate (%)
M = moisture content of aggregate (%)
U =mean wind speed (mph)
Y = effective loader capacity (yd )

Figure 3-7. Predictive emission factor equation for transfer of
aggregate from front-end loader to trucke.
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OPEN DUST SOURCE: Vehicular Traffic Around Storage Piles
QA RATING: C

d
EF = 0,10 K (%5-)(-2-33) lb/ton
Ll |

Estimated factors
to correct measured
emissions to other
source conditions.

Determined by difference, i.e.
subtraction of load-in/ load-out
emissions and wind erosion
emissions from total emissions
based on upwind/ downwind
sampling around sand and gravel
storage piles.

where: EF = suspended particulate emissions
(Ib/ton of material put through storage cycle)
K = activity factor defined as unity for operation tested
s =silt content of aggregate (%) :
d = dry days per year

Figure 3-8. Predictive emission factor equations for vehicular
traffic around storage piles.
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OPEN DUST SOURCE: Wind Eresion from Storage Piles
QA RATING: C -

EF = 0,05 (-15-5-)(%)(2—;'5)(—]%) Ib/ton
| 9

Based on upwind / downwind Estimated factors to
sampling of emissions from " correct measured
inactive storage piles of emissions to other
sand and gravel. source conditions.

wheres EF = suspended particulate emissions
(Ib/ton of material put through storage cycle)
s =silt content of aggregate (%)
D = duration of storage (days )
d =dry days per yedr
= percentage of time wind speed exceeds 12 mph

Figure 3~9, Predictive emission factor equation for wind
erosion from storage piles,
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Wind Erosion of Exposed Areas--

Figure 3-10 presents the emission factor formula for wind erosion from
exposed areas. As indicated, this equation was derived (a) from field test-
ing of suspended dust generation during dust storms, as reported by Gillette,ég/
and (b) by an analogy to the wind erosion equation, which predicts total erosion
rather than suspended dust generation. Although it is known that above the wind
speed threshold of 12 mph for wind erosion, the erosion rate increases with the
cube of the wind speed, the wind speed correction term was simplified to reflect
an average value of 15 mph for periods of erosion., Because of the number of as-
sumptions made in deriving this equation, more testing is needed to increase its
QA rating to an acceptable level. '

3.3.4 Determination of Correction Parameters

The following three categories of parameters appear in the refined emission
factor equations presented in the previous section:

1. Measures of source activity,
2. Properties of material being disturbed, and
3. Climatic parameters.

Measures of source activity are expressed in terms of equipment characteristics
(such as vehicle weights and loader bucket sizes) which are available from plant
records. The paragraphs below describe methods for determination of material
properties and climatic parameters.

In order to determine the properties of aggregate materials being disturbed
by the action of machinery or wind, representative samples of the materials must
be obtained for analysis in the laboratory. Unpaved and paved roads are sampled
by removing loose material (by means of vacuuming and/or broom sweeping) from
lateral strips of road surface extending across the traveled portion. Storage
piles are sampled to a depth exceeding the size of the largest aggregate pieces.
Exposed ground areas are sampled by removing loose surface material or, if a
crust has formed, by removing material to a depth of about 1 to 2 cm,

In all cases, several incremental samples are combined to form a composite
sample, The composite sample is then transferred to the laboratory in a mois-
ture impervious container.

The material properties of interest are moisture content and texture (spe-
cifically silt content and cloddiness) . Moisture is determined in the labora-
tory by weight loss after oven drying at 110°C. Texture is determined by stan-
dard dry sieving techniques.
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OPEN DUST SOURCE: Wind Erosion of Exposed Areas -
QA RATING: C

Based on testing of Estimated factor to
emissions from wind account for fact that
erosion of agricultural  wind erosion occurs:
fields of varying silt only above threshold
content, wind speed,

ir-mil

| )

P E ) 5 Ib/acre-yr

- 50

Assumed by .ahalogy to
Wind Erosion Equation

where: EF = suspended particulate emissions (Ib/acre~yr)
' ‘¢ =surface erodibility (tons/acre-year) i
s =silt content of surface material (%)
f = percentage of time wind speed exceeds 12 mph
P-E = Thornthwaite's Precipitation = Evaporation Index

Figure 3-10., Predictive emission factor equation for wind erosion
of exposed areas.,
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The moisture content of an exposed aggregate material is dependent on
its initial moisture content and on the precipitation and evaporation which
occurs while the material is in place. Thornthwaite's P-E Index is a useful
approximate measure of average surface soil moisture, but is not suitable for
freely draining aggregate .stored in open piles.

The texture of a raw material such as lump iron ore may vary substantially
with the method of mining, processing, and transport. Materials processed at
iron and steel plants such as slag, sinter, and coke exhibit variable texture
dependent on the method of processing and handling.

The climatic parameters of interest are (a) dry days per year, (b) P-E
Index, and (c) frequency with which the wind speed exceeds 12 mph. Dry days
per year for any geographical area of the United States may be found from a
map of mean annual number of days with 0.01 in. or more of precipitation, as
given in AP-42.29/ A u.s. map of P-E Index by state climatic region was con=-
structed by MRI and is also found in AP-AZ.gg Finally, long-term average an-
nual wind speed distributions for reporting weather stations may be found in
the Climatic Atlas.él/

3.3,5 Best Open Dust Source Emission Factors

Since only a few of the many open dust sources were actually quantified
by field testing, the best open dust source emission factors must necessarily
be a hybrid of both estimated and measured values. In Table 3-14 the best
emission factors are presented for (a) the storage of various raw materials,
(b) materials transfer, (e¢) vehicular traffic on unpaved roads, and (d) wind
erosion.

The method for determining the best suspended emission particulate fac-
tor and the percent of suspended particulate that is fine is described in the
table as either (a) estimation, (b) measurement, or (c) calculation. These
methods are defined in footnotes to Table 3-14.
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SECTION 4.0

OPEN DUST SOURCE SURVEYS

This section presents the results of field surveys of open dust sources
at four plants (ranging in capacity from approximately 1.5 to 2.5 million
tons of ingots per year. The burpose of the surveys was to collect data on
source extent, source activity levels, and properties of exposed materials
which comprised the dust emitting surfaces (unpaved and paved roads), storage
piles and exposed ground areas., Survey results are given below for each
plant, denoted by letters A through D.

The experimentally determined emission factors for open dust sources
given in Figures 3-4 through 3-10 and reproduced in Table 4-1 were used to
calculate fugitive dust emissions, Emission rates were determined through
multiplication of the appropriate emission factor and the source extent.

4,1 SURVEY RESULTS FOR PLANT A
This section presents the results of a survey of open dust sources at a
representative iron and steel plant designated as Plant A. Survey procedures

and results are given separately for each source category.

4.1,1 Vehicular Traffic

Table 4-2 lists source extent, emission factor correction parameters,
and calculated emission rates for specific unpaved and paved roads lying
within the property boundaries of Plant A.

Source Extent--
The following steps were used to develop the inventory of roads, vehicle
types, and mileage traveled:

1. Road segments with specific surface and traffic characteristics were
identified and the length of each segment was determined from a2 map of the
plant.

2. The types and weights of vehicles traveling on each road segment were
specified by plant personnel.
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3. PFigures on the daily mileages traveled by each vehicle type were fur-
nished by plant personnel.

4. Information provided by plant personnel was used to apportion the
mileage traveled by each vehicle type over the various road segments.

Approximately 72% of Plant A's 20 miles of roads are paved and on the
whole have relatively low particulate surface loadings and resultant emission
rates. Two paved roads, the coal storage and coke plant toads, have very high
surface loadings, with resultant high emissions,

Vehicular traffic at Plant A was comprised of three basic vehicle types:

* Type A - light duty (automobiles and pick-up trucks with 3 ton average
weight) .

* Type B ~ medium duty (flatbeds and other medium-sized trucks with 15
ton average weight).

* Type C ~ heavy duty (larger trucks with 30 ton average weight).
Vehicle ﬁileage figures supplied by plant personnel were as followé:
* Open hearth slag hauling trucks (Type C): 90 miles/day

* Coke hauling trucks (Type C): 83 miles/day

* Miscellaneous medium trucks (Type B): 197 miles/day

* Automobiles and light trucks (Type A): 1,056 miles/day

* Miscellaneous slag plant traffic (Type C): 288 miles/day

The above mileages were distributed among the various road segments based
on observed traffic patterns, confirmed by plant personnel. All slag hauling
truck miles were assigned to the slag hauling road. One-third of the coke
hauling truck miles were assigned to the unpaved portion of the coke hauling
road and two-thirds of the paved portion, All slag plant traffic was assigned
to the slag plant roads. The remainder of the vehicular traffic was observed
to be uniformly distributed over all plant roads except the unpaved portion of
the coke hauling road, the slag hauling road, and slag plant roads., Therefore,
this remaining traffic was assigned to each remaining road in direct proportion
to the fraction of the road in ratio to the total road length excluding the
three mentioned above (15.4 mile),




Correction Parameters--

During the plant survey, samples of loose surface material were taken
from the slag hauling road, slag plant road, and the coke pile road and ana-
lyzed in the plant laboratory. Samples were tested to determine silt content.
The hot strip road was assigned a silt content between the values for the glag
hauling road and the slag plant road. The silt content of surface material on
paved roads was given a typical value of 10%. Surface dust loadings on paved
roads were estimated from observation.

Average vehicle speed for each segment of unpaved or paved road was esti-
mated by plant personnel, and the number of drg days per year for the plant
locale was determined from the Climatic Atlas.—l/ For road segments having a
mixture of vehicle types, average vehicle weights were derived by accounting
for mileage attributed to each vehicle type.

4,1.2 Storage Pile Activities

An inherent part of the operation of integrated iron and steel plants is
the maintenance of outdoor storage piles of mineral aggregates used as raw ma-
terials, and of process wastes. Storage piles are usually left uncovered, par-
tially because of the necessity for frequent transfer of material into or out
of storage.

Dust emissions occur at several points in the storage cycle--during load-
ing of material onto the pile, whenever the pile is acted on by strong wind
currents, and during loadout of material from the pile. Truck and loading
equipment traffic in the storage pile areas are also a substantial source of
dust emissions.

Source Extent--

Table 4-3 gives data on the extent of open storage operations involving
primary aggregate materials at Plant A. This information was developed from
(a) discussions with plant personnel, (b) plant statistics on quantities of
materials consumed, and (c) field estimations during the plant survey.

Table 4-3 also presents the emission factors for the open storage of pri-
mary aggregate materials at Plant A. The rationale for the use of the emission
factor expression (Table 4-1) for each operation is given below.

The operation of loading onto storage piles at Plant A utilized either
overhead loaders, dump truck and front-end loader combinations or various
types of stackers. These operations were judged to be comparable to the op-
erations for which field measurements were performed. Therefore, Equations
(3) and (4) in Table 4-1 were used directly to describe emissions from stor-
age pile load-in.

4-5
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Vehicular traffic around storage piles at Plant A was generally less in-
tense than traffic around emission-tested aggregate storage piles consisting
of truck and front-end loader movements associated with load-in and load-out.
Stored aggregate materials assigned a traffic-related emission factor of zero
were: medium volatility coal, high volatility coal, lump iron ore, and pel-
letized iron ore. The coke storage piles at Plant A were worked in a manner
gimilar to the emission-tested aggregate, as reflected by Equation (5) in
Table 4-1 with K = 1. Traffic around processed slag storage piles was cov-
ered under unpaved roads above.

Fquation (6) in Table 4-1 was used directly to calculate emissions from
wind erosion of storage piles at Plant A. However, the emission factor for
wind erosion from iron ore pellet piles was multiplied by 0.2 to account for
the lack of saltation size particles required for the erosion process.—g

A wide range of aggregate load-out (reclaiming) operations were observed
at Plant A. Load-out of lump iron ore and iron ore pellets by gravitational
drop onto underground conveyors generated little fugitive dust, as reflected
by the assumed activity factor of 0.2 for Equation (4). Coal piles were
loaded out through the use of high loaders which dumped material onto under-
ground conveyors, a process similar in nature to load-in of emission-tested
aggregate, but having an assumed activity factor of 0.8. Coke and slag piles
were loaded out in a manner similar to load-out of emission-tested aggregates,
so Equation (7) was used directly.

Correction Parameters--

Values for aggregate silt content and moisture content were obtained
from laboratory analysis of samples of stored materials or were estimated.
Duration of storage for each material was estimated by plant personnel.
Loader bucket sizes were estimated by MRI personnel. Climatic correction
parameters (mean wind speed = 8.7 mph, dry days per year = 275, and per-
centage of time tha%lﬁhe wind speed exceeds 12 mph = 19) were obtained from
‘the Climatic Atlas.2>=' The correction factors used in deternining emissions
for Plant A's storage pile activities are presented in Table 4-4.

4,1.3 Wind Erosion of Exposed Areas

Unsheltered areas of exposed ground around plant facilities are subject
to atmospheric dust generation by wind erosion, whenever the wind exceeds the
threshold velocity of about 12 mph. The exposed ground area withia the bound-
aries of Plant A was estimated to be 25% of the plant property, based on ob-
servations during the plant survey. To account for the sheltering effect of
buildings, the effective exposed area was taken to be 12.5% of the plant
property.
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As indicated in Table 4-1, the parameters which influence the amount of
_dust generation by wind erosion are surface erodibility, silt content of sur-
face material, P-E Index, and fraction of the time the wind speed exceeds 12
mph. The surface erodibility factor (47) and the surface silt content (15%)
were derived from analysis of surface slag material at Plant B. Thornthwaite's
P-E Index for Plant A was determined to be 45.22/ Finally, the value for the
fraction of time the wind speed was greater than 12 mph (197%) was obtained from
weather records.—l- The results from wind erosion of Plant A's exposed areas
are presented in Table 4-3.

4.1.4 Summary of Dust Emissions

A breakdown of calculated emissions from open dust sources at Plant A is
presented in Table 4-6. For Plant A, the largest contributing source category
was unpaved roads. Emissions generated by storage piles and exposed areas
ranked next in order. The contribution of the paved roads to the dust inven-
tory was minimal.

4.2 SURVEY RESULTS FOR PLANT B
This section presents the results of a survey of open dust sources at a
representative iron and steel plant designated as Plant B. Survey procedures

and results are given separately for each source category.

4.2.1 Vehicular Traffic

Table 4-7 lists source extent, emission factor correction parametersg,
and calculated emission rates for specific unpaved and paved roads lying
within the property boundaries of Plant B.

The experimentally determined emission factors for paved and unpaved
roads given in Table 4-1 were used to calculate fugitive dust emissions. The
appropriate measure of source extent is vehicle-miles traveled.

Source Extent--

The following steps were used to develop the inventory of roads, vehicle
types, and mileage traveled:

1. Road segments with specific surface and traffic characteristics were
identified and the length of these segments were determined from a map of the
plant. '

2. The types and weights of vehicles traveling on each road segment were
specified by plant personnel.

4-9
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TABLE 4-6., PIANT A: SUMMARY OF OPEN DUST SOURCE EMISSIONS

Major dust contributors

Suspended particulate Percentage
emissions (tons/yr) of total
1. Unpaved Roads 760 38
2. Total Paved Roads 250 12
3. Total Wind Erosion -
Exposed Areas 380 _ 19
4. Storage Piles
Lump Irom Ore 250 12
Iron Ore Pellets 61 3
Combined (High - Low
Volatility) Coal 110 6
Other Storage Piles 200 _10
Total All Open Sources 2,010 100%
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3. Data on’the daily mileage traveled by each vehicle type was calecu-
lated from plant motor pool information, specifying vehicle hours used per
week. To calculate miles traveled per day, a utilization factor and average
vehicle speed were used.

4. 1Information provided by plant persdnnel was used to apportion the
mileage traveled by each vehicle type over the various road segments.

Approximately 78% of Plant B's 17.3 miles of roads are paved and have
relatively low particulate surface loadings and resultant emission rates.
However, about 2 miles of paved roads was assigned a loading of 15,000 1b/
mile, based on visual observation, and have relatively high emissions.

Vehicular traffic at Plant B was comprised of three basic vehicle types:

* Type A - light duty (automobiles and pick-up trucks with 3-ton average
weight).

* Type B - medium duty (flatbeds and other medium-sized trucks with 15-
ton average weight).

* Type C - heavy duty (larger trucks with 30-ton average weight).

Vehicle mileage figures calculated from data obtained from plant personnel
were as follows:

Unpaved roads Paved roads
Type A - 168 miles/day Type A - 1,057 miles/day
Type-B - 159 miles/day Type B - 524 miles/day
Type C - 672 miles/day | Type C =~ 582 miles/day
Total: 1,000 miles/day - Total: 2,163 miles/day

Paved roads were divided into two categories: highly loaded (dusty) paved
and moderately loaded paved roads. Because dusty paved roads constituted ap-
proximately 15% of the total paved road aileage, it was assumed that 15% of the
apportioned paved road traffic would travel on the dusty roadways.

Correction Parameters--

At Plant B, one unpaved road segment was sampled for the silt content of
the surface material. This laboratory silt content (10%) was assumed to ap-
ply to the other unpaved road segments at Plant B. The surface silt content
for paved roads was assumed to be 10%, a typically measured value.
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Average vehicle-speed for éaéﬁ segment of unpaved.o; paved road was es-
timated by plant personnel and the number of drY/days per year for the plant

locale was determined. from the Climatic Atlas.é—

For road segments having a mixture of vehicle types, average vehicle
weights were derived by accounting for mileage attributed to each vehicle

type.

4.2.2 Storage Pile Activities

Source Extent--

Table 4-8 gives data on the extent of open storage operations involving
primary aggregate materials at Plant B, This information was developed from
(a) discussions with plant personnel, (b) plant statistics on quantities of
materials consumed, and (c) field estimations during the plant survey,

Table 4-8 also presents the emission factors for the storage of primary
aggregate materials at Plant B, The rationale for the use of the emission
factor expression (Table 4-1) for each operation is given below.

The method of loading onto storage piies at Plant B consisted of various
types of stackers coupled with a sizable conveyor network. Therefore, Equa-
tion (4) from Table 4-1 was used directly to calculate emissions from storage
pile load-in.

Vehicular traffic around storage piles at Plant B was generally less in-
tense than traffic around emission-tested sand and gravel aggregate storage
piles, consisting of truck and high loader movements associated with the
load-in and load-out process. Stored aggregate materials assigned a traffic-
related emission factor of zero were: coal, iron ore pellets, and lump iron
ore.

At Plant B, only the ore bedding, slag piles, and coke have vehicles
moving among the piles during the Storage cycle., An activity factor of 0.25
was used with Equation (5) in Table 4-1 to scale the vehicular traffic emis-
sions in the ore bedding area and around coke piles, and a factor of 1 was
used for processed slag piles.

Equation (6) in Table 4-1 was used directly to calculate emissions from
wind erosion of storage piles at Plant B. ‘However, the emission factor for
wind erosion from iron ore pellet piles was multiplied by 0.2 to account for
the lack of saltation size particles required for the erosion process.32/

Methods of loading out (reclaiming) materials from the storage piles at
Plant B included reclaimers which "rake" the materials onto a conveyor and
the front-end loader/truck method similar to the emission tested operations.
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Equations (7) and (4) in Table 4-1 were used with appropriate activity fac~
tors to calculate emissions from load-out. Because the reclaimer method pro-
duces less dust emissions than the stacker, an activity factor of 0.2 was used
with Equation (4) to calculate dust emissions. Equation (7) was used for
those materials removed via front-end loader/trucks.

Correction Parameters--

Values for aggregate silt content and moisture content were obtained
from laboratory analysis of samples of stored materials or were estimated.
Duration of storage for each material was estimated by plant personnel.
Loader bucket sizes were estimated by MRI personnel. Climatic correction
parameters (mean wind speed = 11.8 mph, dry days per year = 265, and per=-
centage of time that the wind speed exceeds 12 mph = 40) were obtained from
the Climatic Atlas.gl/ These correction factors are presented in Table 4-9,

4.2,3 Wind Erosion of Exposed Areas

Unsheltered areas of exposed ground around plant facilities are subject
to atmospheric dust generated by wind erosion, whenever the wind exceeds the
threshold velocity of about 12 mph, The exposed ground area within the
boundaries of Plant B was estimated to be 124 acres based on areas outlined
on a map by plant personnel. To account for the sheltering effect of build-
ings, the effective exposed area was taken to be 75% of the indicated bare
ground areas, '

As indicated in Table 4-10 the parameters which influence the amount of
dust generation by wind erosion are surface erodibility, silt content of the
surface material, P-E Index, and fraction of the time the wind speed exceeds
12 mph. The values used for these parameters and the exposed area emissions
for Plant B are presented in Table 4-10, '

4,2,4 Summary of Dust Emissions

The relative emission contributions of the four source categories are
given in Table 4-11. Emissions generated by unpaved roads account for 58%
of Plant B's total. Emissions from plant paved roads and storage piles are
next in magnitude. Emissions from exposed area wind erosion are relatively
insignificant.

4.3 SURVEY RESULTS FOR PLANT C
This section presents the results of a survey of open dust sources at a

representative iron and steel plant, designated as Plant C, Survey results
and procedures are given below for each source category.
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TABLE 4-11. PIANT B: SUMMARY OF OPEN DUST SOURCE EMISSIONS

Ma jor dust contributors
Suspended particulate Percentage
Source emissions (tons/yr) of total
1. Total Unpaved Roads 1,632 58
2. Paved Roads 660 23
3. Total Wind Erosgion -
Exposed Areas 79 3
4, Storage Piles |
Lump Iron Ore 94 3
Ore Bedding 110 4
Slag 170 6
Other Storage Piles 76 _3
Total all open sources 2,821 100%
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4,3.1 Vehicular Traffic

Table 4-12 lists source extent, emission factor correction parameters,
and calculated emission rates for specific unpaved and paved roads lying
within the property boundaries of Plant C,

The experimentally determined emission factors for paved and unpaved
roads given in Table 4-1 were used to calculate fugitive dust emissions. The
appropriate measure of source extent is vehicle-miles traveled.

Source Extent~-=
The following steps were used to develop the inventory of roads, vehicle
types and mileage traveled: :

1. Road segments with specific surface and traffic characteristics were
identified and the length of each segment was determined by plant personnel.

2, The types and weights of vehicles traveling on each road segment were
specified by plant personnel.

3. Figures on the daily mileages traveled by each vehicle type were fur-
nished by plant personnel.

4. Information provided by plant personnel was used to apportion the
mileage traveled by each vehicle type over the various road segments.

Approximately 81% of Plant C's 27 miles of roads are paved and on the
whole have relatively low particulate surface loadings and resultant emission
rates. There are 4.6 miles of "dusty-paved" roads within Plant C, as indi-
cated by plant personnel. These roads have considerably higher surface par-
ticulate loadings with resultant higher emission factors than the other paved
roads within the plant.

Vehicular traffic at Plant C was comprised of two basic vehicle types:

1. Type A - light duty (automobiles and pick-up trucks with 3-ton aver-
age weight).

2. Type B - medium duty (flatbeds and other medium-sized trucks with 15-
ton average weight) ,

Data pertaining to the daily vehicle-miles traveled by both types of ve-
hicles within the plant were obtained from plant personnel. It was indicated
that this mileage was evenly distributed over the various road types at the
plant, '
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Correction Parameterge-=

Because of adverse weather conditions during the time of the survey, it
was not possible to obtain representative samples of road surface dust from
which to determine silt content. Therefore, a silt content of 10% for the
particulate loading on Plant C's roadways was assumed. Average vehicle speed
for each segment of unpaved or paved road was estimated by plant personnel

and the number of dr¥ days per year for the plant locale was determined from
the Climatic Atlas.é—/

4.3,2 Storage Pile Activities

‘Source Extent--

Table 4-13 gives data on the extent of open storage operations involving
primary aggregate materials at Plant C. This information was developed from
(a) discussions with plant personnel, (b) plant statistics on quantities of
materials consumed, and (c¢) field estimationsg during the plant survey.

Table 4-13 also presents the emission factors for the open storage of
primary aggregate materials used in Plant C. The rationale for the use of
the emission factor expression (Table 4-1) for each operation is given below.

Methods of loading onto storage piles at Plant C consisted of utilizing
clam shell buckets (for blast furnace input materials), movable stackers (for
all blended ore beds and large stone) and front-end loaders for other materi-~
als, Equation (4) in Table 4-1 was used directly to calculate emissions from -
storage pile load~in with movable stackers and Equation (3) was used for load-
in with clam shell buckets and front-end loaders.

Vehicular traffic around storage piles at Plant C, consisting of the use
of front-end loaders only, was generally less intense than traffic around
emission-tested aggregate (sand and gravel) storage piles, comsisting of truck
and high loader movements associated with the load-in and load=-out. Stored
aggregate materials assigned a traffic-related emission factor of zero were:
blast furnace input materials (coke, sinter, and coarse ore) and the use of
front-end loaders for load-out of the limestone-dolomite piles a represented
by an activity factor of 0.25. To account for the use of front-end loaders for

load-in/load-out, an activity factor of 0.5 was used with Equation (5) for all
.other materials,

Equation (6) in Table 4-1 was used direéflj to calculate emissions from
wind erosion of storage piles at Plant C. However, an activity factor of 0.5
was applied to blast furnace coke, sinter, and iron ore piles to account for

the depressed_location which partially shelters these materials from the direct
action of wind.
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TABLE 4-13. PILANT C: STORAGE PILE EMISSIONS
Source Exrant Emission Factors
Agount in Annual Load-in Loud-out Total storage Yearly
Material io s:onge&/ throughout (1b/ton Vehicular traffic Wicd erosion (lb/con  eyele (lb/ton emisglons
storage {tons) (million cgm)‘/ stoced (1b/eon stored) _ (lb/ton scored) stored) atared tons/year
Coal
Low vola- 10,500 0.06 0.0001 0.23 0.24 0.0002 0.47 14
tility
High vola= 19,000 0.11 0.0001 0.08 0.08 0.0001 0.1.1 10
cilicy
Icgn Ova
Utdh Ore Fioes 2,000 0.04 0.003 0.78 0.25 0,004 1.0 21
Coarsa QOre, Bed 3,000 0.10 0.,0006 0.37 0.20 0.0009 0,58 29
Bo. 1
Coarse Ore, 37,000 0.07 ) 0.0003 b/ 0.60 ) 0.0005 4,60 21
Blast Furnace .
Claan-up OTe 3,500 0.04 0,0004 0.37 0.20 40,0006 0.57 12
Blanded Ore beds 16,000 1.14 0.0005 b/ .05 0.0001 Q.05 2
Stona Materials
Reclain Limestone 6,500 0.03 0,0004 0.06 0.10 0.04006 0.16 2
Fiam (screened) 16,250 0.07 0.0004 0.06 0.10 0,0006 Q.16 -]
Limestone .
Fine Limescona 3,000 0.02 0,0004& 0.06 0.10 0.0006 0.16 Z
Limestone 31,750 0.13 0,0004 0.03 0.10 0.0006 J9.13 3
Fioe (screened) 5,500 0.02 0.0004 0.06 0.10 (.0006 Q.16 2
Dolomite
Fice Dolomite 1,500 0,01 0.0004 0.06 0.10 7,0006 Q.16 1
Dolomita 3,000 0.04 0.0004 2.03 0.10 0.0006 0.3 3
Migeellaneous
Perralaum Coke 5,000 0.03 0.000& 0.04 0.04 0.0009 9.08 L
Fine Coke Breeze 7,000 0.08 0,004 0.29 0.15 0.00é 0.46 18
Coka, Blast Furnace 9,000 0,03 0.002 b/ 0.05 0.005 0.05 L
jinter, Blasc 1, 0,02 0.002 b_/ 0,05 0,903 .03 3
Furnaca
Flus Dust e/ 9,03 0.0003 0.58 0.93 0.0008 1.3 =3
Total 185,750 2.07 0
a/ Obtained from plant persoaael.
b/ Detarained negligible,
¢/ Data not available.
% All emissions are based on particles less chan 30 microns {in diameter.
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Methods of loading out (reclaiming) materials from the storage piles at
Plaat C included (a) reclaimers which 'rake" the materials onto a conveyor,
(b) clam shell buckets, and (c) front-end loaders which transfer the material
to a conveyor bin, a process similar in nature to the load-out of emission~-
tested aggregate. Equations (4) and (7) in Table 4-1 were used with appropri-
ate activity factors to calculate emissions from load-out. Because the re-
claimer produces less dust emissions than the stacker, an activity factor of
0.2 was used with Equation (4) to calculate dust emissions. An activity fac-
tor of 1 was used with Equation (7) for clam shell buckets and front-end
~ loaders.

Correction Parameters--

Values for aggregate silt content and moisture content were obtained
from laboratory analysis of samples of stored materials or were estimated.
Duration of storage for each material was estimated by plant personnel.
Loader bucket sizes were estimated by MRI personnel. Climatic correction
parameters (mean wind speed = 8.6 mph, dry days per year = 295, and percen-
tage of time that the wind speed exceeds 12 mph = 24) were obtained from the
ClimaticAtlasél/ These correction factors are presented in Table 4-14.

4.3.3 Wind Erosion of Exposed Areas

Unsheltered areas of exposed ground around plant facilities are subject
to atmospheric dust generated by wind erosion, whenever the wind exceeds the
threshold velocity of about 12 mph. The exposed ground area within the
boundaries of Plant C was estimated to be 26.4 acres, based on plant map
areas outlined by plant personnel. This is an extremely low value for ex-
posed area within an integrated iron and steel plant facility, reflecting
the fact that the vast majority of exposed areas within Plant C have been
paved.

As indicated in Table 4~1, the parameters which influence the amount of
dust generated by wind erosion are surface erodibility, silt content of sur-
fact material, P-E Index, and fraction of the time the wind speed exceeds 12
mph. Soil erodibility and silt content were derived from the soil type in
the vicinity of Plant C, The calculated emissions from wind erosion are pre=-
sented in Table 4-15,

4.3.4 Summary of Dust Emissions

A breakdown of calculated emissions from open dust sources at Plant C is
presented in Table 4-16. Paved roads (66%) is the largest contributing dust
source, followed by the storage piles (18%) . The other sources of open dust
at Plant C, as seen in Table 4-16, are relatively small in comparison.
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TABLE &-14. PLANT C: STORAGE PILE CORRECTION PARAMETERSZ

——___-___________________________.___-——-———_-'——‘——"“_
- Effective

b/ All moisture values are assumed by MRI based on limited field measurements.

¢/ Obtained from Climatic Atlas.2/
d/ Obtained from plant personnel.

e/ Assumed value by MRI,

£/ Determined by means of dry sieving.

g/ Stacker (L.I.) or mechanical reclaimer (L.0.) utilized.

4-25

Menn Percentage Duration loader
sile Malecure Wind / vind gpu’ Dry days of capacity o
Material in Content contenc?/ (D) speedt 12 mph™ per years storage= (eu, yd) Activity factor®
Jtorage [¥A) Lol. L0 (moh) (%) (days) (daya) LI, L.O L.I. T, WEB, L.O
Coa.
Low vela- 5.5£/ 8.6 6.9 8.6 2% 295 60 ] 6 1.0 0.5 1.9 1.0
eiliey
Righ vela- 28/ 8.6 6.9 8.6 24 295 60 6 6 1.0 0.5 1.0 1.0
tilicy
Iron Oze
Ore figes 18.8¢/ 4.0 3.2 8.6 26 295 8 6 6 1.0 0.5 1.0 1.0
Coarse ore 9e/ 6.0 4.8 8.6 2 295 30 & 6 1.0 9.5 1.0 1.2
Coarse ore, 92/ 6.0 4.8 8.6 24 295 180 10 10 1.0 o 9.5 1.0
blast furnace
Clean~up ore g2/ 7.1 5.7 8.6 .24 295 30 6 6 1.0 0.5 1.2 1.0
Blended are 1478/ B.2 8.2 8.6 24 295 5 g & 1.0 2 1.0 0.2
beds
Stone matarials
Reclain limestosa 1.58/ 3.0 2.4 8.6 2 295 90 6 § 1.0 0.5 1.9 1.0
Fine (sereened) 1.58/ 3.0 2.4 8.6 24 295 90 6 6 1.0 0.5 1.0 1.9
limestone
Pioe limestsne 1.5¢/ 3.0 2.4 8.6 2 295 90 6 6 1.0 0.5 1.0 1.0
fine (seresnad) 1.58/ 3.0 2. 8.6 26 295 90 3 6 1.9 0.5 1.3 1.1
dolomite
Tine dolomice 1.5% .0 2.4 3.5 24 295 30 6 § 1.9 9.5 1) 1.0
Limastone 1,58 3.0 2.4 8.6 24 295 90 &/ 6 1.0 9.25 1.3 1.0
Dolomite 1.587 3.0 2.4 8.6 24 295 30 Y 5 1.0 0.25 1.9 1.0
Hiscellageous
Petrolen coke 18/ 2.0 1.6 3.6 24 295 50 6 6 1.0 4.5 1.0 1.0
Fine coke breeze 7¢/ 2.0 1.6 8.6 W6 295 30 [ -] 1.0 0.5 1.2 L.0
Flue dusc 16E/ 8.0 6.4 8.6 2 295 90 6 6 1.0 0.5 . 1.0
Coks, blast furm. 1.3& 1.0 0.8 8.6 24 295 90 10 10 1.0 0 7.5 1.0
Slacer, blase furn.l.58/ 1.0 0.8 8.6 24 295 50 10 10 1.0 o 1.5 1.0
a/ L. I. = load-in, T. = traffie, W.E, = wind erosion, L.0. = load-out.
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TABLE 4-16. PIANT C: SUMMARY OF OPEN DUST SOURCE EMISSIONS

Ma jor dust contributors

Suspended particulate Percentage
_emissions (tons/yr) of total
1. Unpaved Roads " 150 13
2. Paved Roads
Dusty paved 340 29
Other paved 430 37
3. Exposed area - wind erosion 30 ' 3
4, Storage piles
Coal ' 24 2
Iron ore 120 10
Stone materials 25 2
Other materials 44 4
Total all open sources 1,160 100%
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4.4 SURVEY RESULTS FOR PLANT D
This section presents the results of a survey of open dust sources at a
representative iron and steel plant, designated as Plant D. Survey results

and procedures are given below for each source category.

4.4,1 Vehicular Traffic

Table 4-17 lists source extent, emission factor correction parameters,
and calculated emission rates for specific unpaved roads lying within the
property boundaries of Plant D. The plant had no paved roads within its
boundaries,

The experimentally determined emission factors for unpaved roads given
in Table 4-1 were used to calculate fugitive dust emissions. The appropriate
measure of source extent is vehicle-miles traveled.

Source Extent--
The following steps were used to develop the inventory of roads, vehicle
types, and mileage traveled:

1. Unpaved road segments with specific surface and traffic characteris-
tics were identified by plant personnel, and the length of each segment was
determined from a map of the plant,

2, The types and sizes of the vehicles traveling on unpaved roads were
specified by plant personnel.

3. Figures on the daily mileages traveled by each vehicle type were fur-
nished by plant personnel.

All of the roads at Plant D boundary are slag surfaced. As indicated in
Table 4-17, total unpaved road mileage within the plant is 10.6 miles. These
roads were indicated to be in good condition throughout the plant and to be
regularly maintained.

Vehicular traffic at Plant D was comprised of three basic vehicle types:

* Type A - light duty, 36 vehicles (automobiles and pick-up trucks with
3-ton average weight),

* Type B - medium duty, 22 vehicles (flatbeds and other medium~sized
trucks with 15-ton average weight) .

*' Type C - heavy duty, 6 vehicles (larger trucks with 30-ton average
weight),
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As indicated by plant personnel, these vehicles travel over all the un=
paved roads in the plant, Thus, no specific plant road segments were identi-
fied as haviag higher than average traffic volumes.

Correction Parameterg--

Because of adverse weather conditions during the time of the survey, it
was pot possible to obtain representative samples of road surface dust from
which to determine silt content. Therefore, a silt content of 107 for the
road surface material was assumed, Average vehicle speed was estimated by
plant personnel and the number of-dr¥/days per year for the plant locale was

determined from the Climatic Atlas.é—

4.4.2 Storage Pile Activities

Source Extent-=-

Table 4-18 gives data on the extent of open storage operations involving
primary aggregate materials at Plant D. This information was developed from
(a) discussions with plant personnel, (b) plant statistics on quantities of
materials consumed, and (c) field estimations during the plant survey.

During the survey, weather conditions prohibited the collection of repre-
sentative samples of the Storage materials to be analyzed for silt content.
Storage pile silt content values were assumed to be the same as the values
obtained for similar materials previously sized at other steel plants.

Table 4-18 also presents the emission factors for the open storage of
primary aggregate materials used in Plant D. The rationale for the use of
the emission factor expression (Table 4-1) for each operation is given below,

The method of loading onto storage piles at Plant D consisted of utiliz-
ing front-end loaders for the coke breeze and screened stone piles: a stacker
for the iron pellet piles; and an overhead gantry/clamshell bucket for the
screened iron ore, large stone, and for the coal piles. Therefore, Equation
(3) from Table 4-1 was used to calculate emissions from load-in using front-
end loaders and clamshell buckets, and Equation (4) was used for the stacker.

Vehicular traffic around storage piles at Plant D was generally less in-
tense than traffic around emission-tested aggregate storage piles, consist-
ing of truck and high-loader movements associated with load~in and load-out.
Stored aggregate materials assigned a reduced traffic-related activity factor
were:

Screened iron ore: K 0 (no vehicular traffic)

Iron ore pellets: K = 0.25
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Coal: K =0.25
Large stone: K = 0.25

The coke breeze and screened stone storage piles at Plant D were worked
in a manner similar to the emission-tested aggregate and were thus assigned
a K-factor of 1, ' :

Equation (6) in Table 4-1 was used to calculate emissions from wind ero-
sion of storage piles at Plant D. The emission factor for wind erosion from
iron ore pellet piles was multiplied by 0.2 to account for the lack of salta-
tion size particles required for the erosion process.ég

The methods of loading-out (reclaiming) from the piles at Plant D con-
sisted of utilizing either a front-end loader pick-up and drop into a conveyor
bin (coal, ore pellets, coke breeze, and stone piles) or a gantry/clamshell
removal and dump into a rail hopper car (iron ore) which released the material
onto an underground conveyor. Equation (7) in Table 4-1 was used to calcu-
late emissions from load-out.

Correction Parameterse--

Values for aggregate silt content and moisture content were obtained
from laboratory analysis of samples of stored materials or were estimated.
Duration of storage for each material was estimated by plant personnel.
Loader bucket sizes were estimated by MRI persomnel, Climatic correction
parameters (mean wind speed = 9,3 mph, dry days per year = 255, and per-
centage of time that the wind speed exceeds 12 mph = 25) were obtained from
the Climatic Atlas.3L These correction factors are given in Table 4-19.

4,4,3 Wipd Erosion of Exposed Areas

Unsheltered areas of exposed ground around plant facilities are subject
to atmospheric dust generation by wind erosion, whenever the wind exceeds the
threshold velocity of about 12 mph.lg- The exposed ground area within the
boundaries of Plant D was estimated to be 10% of the plant property, based on
discussions with plant personnel during the plant survey. To account for the
sheltering effect of buildings, the effective exposed area was taken to be
7.5% of the plant property.

As indicated in Table 4-1, the parameters which influence the amount of
dust generation by wind erosion are surface erodibility, silt content of the
surface material, P-E Index, and fraction of the time wind speed exceeds 12
mph. The soil erodibility factor (47) and the surface silt content (15%)
were derived from previous sieving of similar surface soil materials at an-
other steel plant. Thornthwaites P-E Index for Plant D was determined to be
93.32/ Finally, the value for the fraction of time the wind' speed was greater
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than 12 mph (25%) was obtained from weather records.él/ The results from
wind erosion of Plant D's exposed areas are presented in Table 4-20.

4.4.4 Summary of Dust Emissions

A breakdown of calculated emissions from open dust sources at Plant D
is presented in Table 4-21. The largest contributing sources were unpaved
roads (68%). Emissions from plant storage piles were next in magnitude (30%).
Wind erosion of exposed areas was relatively insignificant.
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TABLE 4-21. PIANT D: SUMMARY OF OPEN DUST SOURCE EMISSIONS

Major dust contributors

Suspended particulate Percentage
emissions (tons/yr) of total
1. Unpaved Roads 1,280 68
2. Wind erosiom - exposed areas 38 2
3. Storage piles
Low=high volatility coal _ 35 2
Iron ore pellets 310 16
Screened iron ore 150 8
Coke breeze 20 1
Stone piles 57 3
Total all open sources 1,890 100%
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SECTION 5.0

GONTROL TECHNOLOGY FOR PROCESS SOURCES

This section presents an assessment of best available control tech-
nology for process sources of fugitive emissions associated with integrated
iron and steel plants. Information for this assessment was obtained from:
(a) published and unpublished literature; (b) knowledgeable personnel within
the iron and steel industry and within EPA; (c) surveys of representative
iron and steel plants and (d) control equipment manufacturers.

In the sections below, control system options are presented for the fol=-
lowing process sources of fugitive emissionss:

Steel Making Furnaces '

« Electric Arc Furnaces (charging, tapping, slagging and leakage)
» Basic Oxygen Furnaces (charging, tapping, slagging and leakage)

Hot Metal Transfer

Teemin

Other Sources

- Gas Gutting Operations

» Sinter Plants

« Desulfurization Stations

Open hearth furnaces have been excluded from this discussion since these fure-
naces are gradually being phased out of the industry.

Control options (presented for each source include both emissions cap=
ture and particulate removal aspects. Expected performance and cost data are
given for each alternative. Some options are based on actual installations
while others are promising in concept but have not been demonstrated fully.

i
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Information on existing installations was obtained from the literature
and from limited contacts with knowledgeable industry personnel. This informa-
tion is not meant to represent an industry wide profile of control practices.

To the extent that source operations vary from plant to plant, it is
less likely that a single control option would be most suitable for uniform
application throughout the industrye Added to this is the need for determining
the degree to which individual fugitive sources at a given plant are to be
controlled in order to meet plant=specific control strategy objectives. The
most cost-~effective control strategy for a particular plant entails the appli-
cation of the most efficient controls to the largest contributing sourcese

5«1 ELECTRIC ARG FURNACES

Fugitive emissions associated with an electric arc furnace (EAF) are
those unducted emissions which are emitted typically from charging, tapping
and slagginge. Electrode leakage constitutes a less typical source. When di=
rect shell evacuation (DSE) camnot be used, melt down and refining are also
significant sources of fugitive emissions.

Only part of these fugitive emissions actually affect ambient air qual-
ity. Excluded is the portion of the fugitive emissions which are too large to
escape in buoyant currents through the building roof monitors and which set-
tle back to the shop floor creating a nuisance problem. Most of the emissions
classified as fine particulate (particles smaller than 5 pum in diameter) will
escape the building monitor and impact the ambient air quality off the plant
premises. ’

Several control options are listed in Table 5«1 and are discussed belowe
These control options apply solely to the EAF. Other EAF shop sources and

their controls are discussed elsewhere in this report.

5elel Option A:z Buiidiqg Evacuation

As shown in Figure 5-1, building evacuation systems use the sealed roof
of the melt shop as a collection hood. Buoyant exhaust gases rise from the
furnace to the sealed roofe. From the roof, ducts draw the dust-laden gases
to a removal device. If the removal device camnot handle the volume of gas
generated at certain peak periods in the process, the enclosed roof simply
acts as a holding chamber until the fumes can be evacuated.

Extent of Application-=-

Gurrently, the use of building evacuation systems for EAF emissions is
documented for four alloy steel producingz facilities.33,34/
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TABLE 5=1.

SUMMARY OF EAF CONTROLS

Roof Furnace Type of emission
Control monitor type controlledd/
DSE Open Carbon Primary
DSE + Canopy Hood Open Carbon Primary,
Fugitive
DSE 4 Canopy Hood + Closed Carbon Primary,
scavenger duct Fugitive
at roof
DSE + Building Evacuation  Closed Carbon Primary,
Fugitive
Canopy Hood Open Alloy Primary,
Fugitive
Canopy ﬂood + scavenger Closed Alloy Primary,
duct at roof Fugitive
Building Evacuation Closed Alloy Primary,
Fugitive
Total Enclosure Open Carbon Primary,
Fugitive
Tapping and slagging Opens Alloy, Fugitive
ladle hoods Closed Carbon '
Hooded scrap bucket Open, Alloy, Fugitive
(conceptual idea) Closed Carbon

a/ Primary emission - emissions during meltdown.
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Figure 5«1, Building evacuation system.-3—5-/




Problems Associated with Application=--

One very obvious problem with building evacuation is the enormous flow
rates involved. This problem is due in part to the need for the building
evacuation system to handle not only the fugitive fumes and gases from the
EAF but also the natural ventilation required to maintain the workroom envi~
ronment. Important variables in the workroom enviromment affected by the flow
rate of a building evacuation system are temperature and pollutant concentra=-
tionse. Pollutant concentrations in the workroom enviromment are now regulated
by the 1970 Threshold Limit Values (TLV's) proposed by the ACGIH and adopted
by OSHA.

The first disadvantage of building evacuation is the high flow rate nec=-
essary for adequate control. Canopy hoods with an open roof monitor can re-
duce the flow rate by half for the same furnace size, and canopy hoods with
DSE and an open roof monitor can be expected to require 40% of the flow rate
that building evacuation would .36/ Canopies use less flow rate than building
evacuation because the roof monitor handles the actual building ventilation
while the canopy handles only the EAF fumes and gase. Also, because the canopy
is closer to the source than the roof monitor, the volume of fumes and gas
from the EAF will be minimized since the buoyant gases have less time to dif-
fuse and entrain room air into the plume.

A second disadvantage of building evacuation related directly to the
high flow rate is the energy expended to move the air volume. EPA has calcu=-
lated that a building evacuation system handling 4,000 dscfm/ton of furnace
capacity coupled with DSE handling 350 dscfm/ton of furnace capacity will re-
quire 37.8 kwehr of electric energy per ton of furnace capacity. On the other
hand, an 80% efficient canopy hood handling 2,000 dscfm/ton of furnace capac-
ity coupled with DSE handling 350 dscfm/ton of furmace capacity only requires
18.9 kw/hr per ton of furnace capacity.éﬁ/ This is 50% reduction in energy
utilization when compared with building evacuation, and yet the canopy=-DSE
combination yields the same total emissions (EAF and power plant) as the
building evacuation-DSE combination.36/

The third disadvantage of building evacuation is that envirommental prob-
lems can arise inside the tightly enclosed building if (a) the control equip-
ment malfunctions or (b) the ventilation patterns are such that stagnant spots
occur where pollutants can build up. The first problem can be handled with
motor-operated louvers in the building monitor. The second problem is a matter
of proper design of forced or natural air inlets into the building.

A final disadvantage of building evacuation is that in retrofitting, the
design may produce a ventilation rate lower than the shop originally had under
natural ventilation conditionse This will reduce the ineshop air quality while
improving the ambient air quality.
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Control Device Performance-~

Source tests were performed by the U.Se. EPA on four building evacuation
systems utilized to control alloy steel furnaces. Flow rates were found to
‘range from 3,300 dscfm/ton of furnace capacity to 4,200 dscfm/ton of furnace
capacity.gg/ It was suggested that 5,000 dscfin/ton of furnace capacity would
be more representative of the industry as a whole 37/

Building evacuation systems are nearly 100% efficient. The baghouse to
which one of these systems was vented has been quantified as 947 efficient,38/.
but MRI expects that 99%+ efficiency is possible.

The maintenance of the capture portion of the building evacuation system
is minimal since the capture portion consists simply of an enclosed roof
vented through ductinge. It is possible that settled dust in the ducting would
need to be removed occasionally. The removal portion of the building evacua-
tion system, consisting of baghouse, fans, motors and dust handling equipment,
will require routine maintenance such as bag replacement, lubrication, bear=
ing replacement, fan motor replacement and fan housing lining replacement.

Control Device Gost-~

Data have been published39/ estimating the cost of a building evaucation
system for a shop with three 100=ton furnacess. At 5,000 dscfm/ton of furnace
capacity, the fabric filter removal system was estimated to handle 1,5 mil=
lion scfm. The total installed costs are shown in Table 5-2. Since these
data are 1974 cost data, the values were adjusted to reflect escalation using
the Chemical Engineering plant cost indexe This index has been recommended
to handle the inflating costs of air pollution control equipment.ig/

There are some general conclusions that can be gleaned from an analysis
of the cost data presented in Table 5-2, but one should not immediately ap-
ply these conclusions to the detemination of costs for other systems without
giving proper consideration to the differences inherent in each system. Add-
ing the gas gleaning equipment cost and the auxiliary equipment cost, the
total installed cost for the baghouse and its accessories, as listed in Table
5-2, is approximately $2.50/scfm. The total installed cost of the ductwork
as of December 1976 is $0.70/scfm, but this amount is obviously also sensi-
tive to the length, diameter and wall thickness of ductwork required to reach
the removal device. There are several other capital investments in addition
to the gas gleaning equipment, ductwork, fans and motors which are difficult
to generalize about, except to mention that any estimate of total project
cost must consider the following: engineering, building modification, duct=-
work support, site preparation, foundations, piping, electrical and instru-
mentation.
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TABLE 5~2. ESTIMATED TOTAL INSTALLED COSTS--BUILDING EVACUATION
(for three 100-ton furnaces and an evacuation rate
of 1.5 x 106 scfm)

Infla-
Juna 1973 tiom December 1976
Investmentd/ cost ($) multiplier cost (§)
Gas cleaning device 208.3
BH w/bags 1,969,900 143.0 2,869,400
Subtotal 1,969,900 2,869,400
Auxiliary equipment
Screw conveyor w/drive 42,500 ’ 61,900
Bucket elevator w/drive 7,200 10,500
Dust storage sile 19,800 28,800
Rotating drum rotary
valve w/drive 68,100 99,200
08.4 ?
Canopy 90,600 %M_O 132,000
Blower w/drive 419,000 * 610,300
Electrie vibrators
w/drive 3,000 4,400
Subtotal 650,200 947,100
Ductwork, utilities
Due twork 738,200 208.3 1,075,300
143.0
Piping 1,800 237.4 2,800
151.7
Instrumentation 176,500 198.7 238,700
146.9
Electrical 786,000 153.4 1,146,100
105.2
Lighting 262,000 153.4 382,000
105.2
Subtotal 1,964,500 2,844,900 '
Engineering, overheads, etc.
Engineering 366,800 133,53 433,800
129.8
Indirects 412,600 - 412,600
Start=up ) 91,700 - 91,700
Spare parts 45,800 - 45,800
Contractors fee 59,600 177.0 67,800
155.6
Subtocal 976,500 1,051,700
Total 5,561,100 7,713,100

i ———— e————.

a/ There are other important capltal investments such as building

support, ductwork support and site preparation which are not
included here.




5.1s2 Option B: Canopy Hoods

Canopy hood capture devices in conjunction with fabric filter removal
devices constitute effective systems for (a) primary and fugitive emissions

 from alloy furnaces, (b) fugitive emissions from carbon steel furnaces using
'DSE and (¢) primary and fugitive emissions in carbon steel shops without DSE.

Canopy hoods can be employed with either open or closed roof openings. When
roof openings are closed, a scavenger system is used to remove emissions that
collect in the roof area. Figure 5-2 depicts a canopy hood control system
coupled with a novel application of an enclosure, not typically found in con=
junction with a canopy hood. :

The major advantage of the canopy system is that it can be operated with
less air volume than is required for building evacuation because it is nearer
to the sources This reduced volume requires a less costly initial investment
and results in reduced operating costs. However, if not operated at a suffici=
ent flow rate to handle peak emission of gases and fumes, canopy hoods with
open roof monitors:are less efficient in capturing emissions than are build-
ing evacuation systems.

Extent of Application--

There are nine separate operating installations documented as having
canopy hood systems. 33,41 These 12 systems represent 25 to 307 of the exist-
ing canopy hood systems applied to EAFs, Three other systems were located
during the course of this research project. The operating characteristics
of these example systems are shown in Table 5-3,

Problems Associated with Application--

When canopy systems are not sized to hamndle peak generation of fumes and
gases, part of the plume escapes the canopy and gathers in the roof. If the
monitors are open, the emission escapes; if the monitors are closed, the emis-
sion is collected by a scavenger system. Crosscurrents may also cause the
plume to move from under the canopy, causing something less than 100% capture
efficiency..

Finally, retrofitting a canopy hood may present problems simply from a
space point of view. Generally, for a top charged furnace, a distance of at
least 30 to 40 ft is necessary between the top of the furnace and the bottom
of the canopy to allow for charging or tapping crane clearance. There could
be situations in which the space between the top of the crane and the nearest
overhead obstruction would not be adequate for canopy installations.

Control Device Performance~=

Actual flow rates for canopy hoods have been measured in a range from
1,500 to 8,000 dscfin/ton of furnace capacity. The capture efficiency of the
canopy system is not known quantitatively, but visual estimates have placed
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it between 50 and 90%.52/ The canopy hoods on the alloy furnaces at J&L's
Warren facility were guaranteed to collect at least 65% of the combined

" primary and fugitive emissions. This value was verified by both visual obser=
vation and comparison of the dust captured by a DSE on a similar-sized fure
nace (assuming 1007 capture) and the dust captured by the canopy.

Gontrol Device Cost-=- .

The total capital investment for a canopy system is semnsitive to several
variables, including the total flow rate handled by the system. In this sec-
tion, cost data for system flow rates ranging from 440,000 scfm to 2,100,000
acfm are presenteds The first new system to be considered here handles a flow
rate of 440,000 scfm.ﬂéf This was a proposed system and it may not have been
built and actually used. The cost estimate made in 1974 was $1.5 million for
baghouse, ducting, installation of hoods and enclosing of monitors. In addi-
tion, the cost for building modification to support ductwork and hoods was
estimated at $0.75 million. The cost was not a firm bid as evidenced by the
fact that other major items such as engineering and contractor's fees were
not included.

The second system to be considered handles a flow rate of 750,000 scfm
for a three 100-ton furnace.ég/ This was a theoretical system developed
solely for cost analysis purposes, The costs for this system are listed in
Table 5-4. Certain general conclusions can be drawn concerning the cost of

this specific systeme In December 1976, the installed cost for the baghouse
and auxiliary equipment was $3.25 scfm, while the total installed cost for
the ductwork and utilitiés was $2.70 scim.

_ The last system to be considered is capable of flow rates of 2,100,000
acfme This is a retrofit system and it is now in operation. The system was
designed to handle emissions from one shop with four 170=ton EAF's. The costs
of separate components of this system are shown in Table 5=3.

Some general conclusions that can be gleaned by studying the cost break-
down in Table 5-5 are: the baghouse cost in December 1976 was $1.70/acfm; the
auxiliary equipment cost $0.80/acfm and the hoods and ductwork cost $1.50/acfm
to purchase and install. The overall project cost was $7.20/acfm.

513 Option G: Total Enclosure

Total enclosure, which consists of completely enclosing the furnace down
to the operating floor, is a very recently applied technology for controlling
fugitive emission from EAF's. The technology of total enclosure had its origin
in BOP (Basic Oxygen Process) and QBOP furnace emission control applicatioms,
but it has been successfully applied to EAF's by Obenchain GCorporation. The
enclosure captures all charging, meltdown and refining emissions. The tapping
ladle is moved to the furnace by railcar, and emissions from this source are
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TABLE 5-4, ESTIMATED TOTAL INSTALLED COSTS--CANOPY HOODS
AND REMOVAL SYSTEMSZ/ (for three 100-ton
alloy furnaces and a flow rate of 750,000

sc fm)
June 1973 Inflation December 1976

Investment b/ cost ($) multiplier cost (%)

Baghouse 1,246,200 208.3 1,815,300
. 143.0

Auxiliary equipment .440,300 208.4 641,400
143.0

Ductwork, utilities | 1,321,400  217.0 2,022,200

Engineering, overhead 700,900 153.5 828,900
’ 129.8

Total ' 3,708,800 5,307,800

a/ No DSE.

b/ Does not include structural support for the ductwork or building
or site preparation,
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TABLE 5-5. ACTUAL TOTAL INSTALLED COSTS--CANOPY HOODS AND
' REMOVAL SYSTEM (for four 170-ton carbon
steel furnaces and a flow capacity of
2,100,000 acfm)

W

April 1975 Inflation December 1976
Investment cost ($) multiplier cost (§)
Dust collector
Baghouse ‘
Concrete work : 3,198,000 212.5 3,521,000
auxiliary ducts, feeders 193.0
Auxiliary equipment
5 Fans and accessories
1 Motor 2/ 967,000 212.5 1,719,000
Concrete work _ 193.0
Dust conveylng system 259,000
Pelletizing unit 335,000
Hoods and ductwork
Ductworkeoriginal $1,900,000
Ductwork-modified
Hoods
Painting 1,015,000 208.3 3,170,000
Dampers 191.6
Expansion joints
Enginzering
Engineering design 1,385,000 133,5 1,511,000
140.7

Building structure and support

Modify existing building 150,000
Addicions to existing
structure 1,075,000 192.9 3,413,000
Ductwork support structure 1,880,000 175.5
Contractor's fee 313,700 177.0 333,000
16646
Construction overhead 257,000 - 257,000
Electrical- 437,000 153.4 474,000
141.4
Subtotal 13,172,700 14,398,000
Other 762,300 762,300
Total 13,935,000 15,160,300

&/ Bought only one motor since four were on hand.
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controlled by a stationary tapping ladle hood. The stationary tapping ladle
is discussed in this report as a separate control option. DSE is not re-
quired with total enclosure.

Charging with a total enclosure surrounding the furnace presents a fore
midable but not insurmountable design problem. Doors are installed through
which a clamshell scrap bucket can enter. There is a slot in the top of the
enclosure to allow crane cable clearance. After the crane and the bucket en-
ter the enclosure, the doors are closed and an air curtain is engaged across
the crane cable clearance slot. The primary evacuation ducts in the top of
the enclosure can then capture nearly 100% of the charging emissions.

Extent of Application-=

Based on the limited survey conducted, only one operation is known to
be using total enclosures on EAF's. The operation consists of two 65-ton fure
nacese. This entire shop was a new design, not a retrofit. The shop has been
operating since June 1976.

Problems Associated with Application--

The retrofitting of a control device such as a total enclosure may not
be possible in a majority of cases, but the application merits investigation.
The advantages could override the disadvantages such as operational changes.
For new designs, however, this device should be investigated since it yields
high efficiency at low flow rates and consequently offers low costs.

Control Device Performance--

The specific enclosure surveyed is made of unlined, 1/16-in. steel sheet-
ing. Installation time was approximately 2 weeks per furpace enclosure. The
removal system has a capacity of 150,000 scfm, and the temperature inside the
enclosure averages 150°F, This is a very low flow when one considers that
nearly 100% of the meltdown, refining, charging, tapping, slagging and elec~
trode leakage emissions are captured, Not all of the flow capacity is used
continuously; for example, during meltdown only 70,000 scfm is utilized.

-Congfol Device CoSt==
The purchase cost was $200,000 each for the particular total enclosure
considered in this report.

Sele4 Option D: Tapping Ladle Hoods

A relatively recent innovation in tapping emissions control is the tap=
ping ladle hood. When tapping from an EAF with a tapping hood, the ladle must
be moved to the furnace on a railcare. The tapping hood is stationary and the
railcar moves the ladle underneath the hood. The hood extends a little below
the top of the ladle on every side except the side on which the ladle enters
the hood,, and there is one slot in the top through which the metal is poured.
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The increased tilting of the furnace during tapping requires that the car ad-
vance the tapping ladle forward. In one case, the advance is 3-1/2 ft from
the beginning to the end of the tap.

Extent of Application=e

There are two known applications of this method to tapping emissions,
but the same method has also been applied successfully to at least two known
hot metal transfer stations. These latter two applications are discussed in
detail in another section.

Problems Associated with Application==-

As with all controls mounted close to the source, there are potential
operating problems. Care must be taken not to run the ladle into the back of
the hoods Also, the slot in the top must be designed with sufficient clear-
ance between it and the molten steel stream to allow for fluctuations. These
problems are very elementary, but they have indeed occurred.

Device Performance-=

The flow rates necessary to control tapping emissions alone are unknown
for the particular installations now operating, but for hot metal transfer
stations, a hood closed on all sides and with a hole only in the top has re-
quired approximately 50,000 scfm to vent emissions properly. Of course, the
flow rate depends on the volume of metal tapped. This will be discussed fur-
ther in the hot metal transfer section below.

Gontrol Device Coste=-
The costs of tapping ladle hoods are unknown at this time.

Sele5 Option E: The Hooded Scrap Bucket

For emissions from the top charging of scrap from a clamshell bucket
into an EAF, a hooded scrap bucket has been proposed. This idea is still in
the conceptual stages and has not yet been applieds In operation, the covered
scrap bucket rests on the furnace to provide a seal. Since the top of the buc-
ket is covered, the emissions are vented from a duct in the side of the buc=-
ket. While the bucket is resting on the furnace, the duct from the bucket can
be connected with a mated stationary duct. This stationmary duct can be vented
to the main gas cleaning system. Plants are considering the technique, but
as yet no one has installed this optione

5.le6 Option F: Process Modifications

A process change which could alleviate charging emissions would be to
charge cleaned scrape This could be accomplished by passing the scrap through
an induction furnace where any oily coatings would be volatalized. The induc~
tion furnace provides an atmosphere more easily controlled than an EAF with
the roof removed.
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Another process change which has potential to alleviate charging emis-
sions is the charging of direct reduced iron ore. Like cleaned scrap, this
presents the advantage of introducing a cold metal into the EAF free of dirt
and oily deposits. This direct reduced ore could be charged with the conven~
tional clamshell bucket or through a chute leading to a hole in the EAF roof.

Finally, another process change which could reduce emissions is to shred
the scrap and charge it through a chute into the EAF. With the chute charging
system, the DSE could remain on during charging to capture any emissions.
This method of charging also opens up the possibility of continuous instead
of batch steel making.

52 BASIC OXYGEN FURNACES

Sources of fugitive emissions in basic oxygen furnace (BOF) operations
are the charging, tapping and slagging processes. Other minor sources include
puffing from the furnace and the handling of fluxes at the conveyors and binse.
Primary emissions during blowing are captured by a hood directly over the
mouth of the furnace. This hood can be tight fitting, in which case combus=
tion of CO is suppressed, or the hood can be positioned so that air space is
available. The advantages of suppressed combustion hoods over open hoods in-
clude a higher capture efficiency, a smaller volume of gas at a lower tem=
perature, and consequently, a lower removal device cost. The secondary emis-
sion control techniques to be discussed in this section are (a) monitor
enclosing, (b) canopy hoods, (¢) total enclosures, and (d) novel uses of the
primary hood for fugitive emissions control.

5+2.1 Option A: Monitor Enclosigg

This method utilizes the closed roof monitor as a holding chamber for
fugitive emissions convected upward. This monitor is then evacuated at the
convenience of the operator. As with building evacuation in EAF control, the
removal system must be sized to handle ventilation air necessary for shop
safety.

Extent of Application=-- :

Only one plant is known to have considered this method to supplement a
canopy hood and open monitor system. But the enclosing of the monitor was sup=-
planted by the decision to totally enclose the furnace, an option which is
considered separately below.

Problems Associated with Application== : ‘
One of the major problems with monitor enclosure is that the evacuation

system must necessarily handle a large volume of air since the natural venti-

lation air passes through the removal system.
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problems Associated with Application--

_Gontrol Device Coét--" e . : N

" Steel installation is documented in the literature—2= and is shown in Fig-

. ——— —— - !

Control Device Performance«=

Since there are no known applications of the control option, details of
performance are not available. But one positive performance trait would be
a nearly 100% capture efficiency during normal operations, because of the en-
closed buildinge - ’

As stated, exact cost figures are not available, but general categories
of cost can be delineated as follows: (a) building support, (b) steel sheet-
ing for monitor enclosure, (c¢) ductwork, (d) ductwork support, (e) fans, (£)
motors, (g) removal device, (h) engineering, and (i) contractor's fee.

5242 Option B: Canopy Hoods

While the use of canopy hoods to control fugitive emissions from EAF's
is a well-known technique, their application to BOF's is relatively new. Ret-
rofitting of this control option would certainly be difficult, but specific
situations do exist where retrofitting would be feasible.

Extent of Application--

This control option is known to exist at at least two plants. One system
is documented, but the other is not. The undocumented canopy hood system was
not successful, as the emissions not captured by the canopy were leaving the
monitor in sufficient quantities to exceed the opacit standards. The Inland

ure 5-3. Inland has not reported any deficiencies in their charging aisle
canopy operation. Actually, Inland's canopy hood is a backup hood that cap-
tures the charging emissions that escape local charging hoods mounted near
both 210-ton BOFs. This dual system may be the reason for the apparent suc-
cess of the roof canopy.

As with all elevated hoods, the diversion of the plume from the hood by
crosscurrents within the building can be detrimentals The diversion can be
alleviated by adding baffles and constructing walls to beneficially direct
building currents where this action does not severely disrupt operationse.

Control Device Gost-- -

The Inland shop reportedly draws 275,000 scfm through the charging aisle
canopy hood. As with the canopy hoods in EAF shops, 50 to 90% capture effici-
ency is expecteds The emissions collected by the canopy hood are combined
with emissions from two hot metal transfer stations and are vented to a
400,000-scfm baghouse.

Control Device Gost--
No information is available on the costs of the two known SystemSe
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5.2.3 Option C: Partial and Total Enclosures

Enclosure is a new technology that was first applied at the Krupp-
Rheinhausen plant in West Germany. This technology was first brought to the
United States by Pennsylvania Engineering Corporation in cooperation with
Baum Company to cope with the unique problems of charging of QBOPs. The QBOP
progess requires that nitrogen be blown through the tuyeres in the bottom of
the vessel to keep them from plugging during hot metal charging. The nitro~
gen bubbling through the hot metal causes tremendous charging emissions. There
is not a known QBOP in the United States that does not have a partial or total
enclosure. The partial enclosure extends only to the charging floor while the
total enclosure extends all the way to the tapping floor, which is at ground
level for these newly designed installations. Figure 5~4 depicts a total en-
closure.

Extent of Application--

There are at present seven known and operating QBOPs in the United States
that have either partial or total enclosures. In addition, total enclosures
are presently being constructed around five BOFs at three different steel
plants. One of these plants is retrofitting the enclosures. The advantages of
this control option are achievement of 90% efficiency,aa/ providing that
proper operating procedures are followed, and a definite, substantial decrease
in operating flow rate.

Problems Associated with Application--

One of the obvious problems with total enclosure is operations interfer-
ence. Charging requires more care than that needed before enclosing the in-
stallation to avoid collisions between the ladle and the enclosure. Tapping
requires a different procedure than used in many plants since a railcar and
not the teeming crane carries the teeming ladle to the BOF.

A problem with these enclosures in the past has been the placement out~
side the enclosure of the secondary hood to capture charging emissions. This
proved to be ineffective as emissions still escaped around the hood. The
later generation -of enclosures have the secondary ventilation charging hood
inside the enclosure.

A problem with partial enclosures exists that the total enclosure has
solved. With partial enclosures (extending only to the charging floor), there
are no walls between the charging and the tapping floors to enclose slagging
and tapping emissions. Gonsequently, a portion of these emissions escape
around the enclosure. The total enclosure with automatic doors to permit car
ingress and egress provides a solutione.

Gontrol Device Performance--
For one specific 120-ton vessel with a total enclosure under construc=
tion around it, the design flow rate necessary for evacuation is 382,000
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acfm. With 140,000 acfm needed as dilution air to achieve tembératures com=-
patible with the baghouse, the total flow is 522,000 acfme. As was previously
stated, efficiencies of 90% can be expected providing proper operating pro-
cedures are utilized. The proper procedures include pouring the hot metal
into the furnace at an optimum rate and the utilization of comparatively

clean scrap.22/
Control Device Cost=-=- o
For the purchase of a total enclosure for a 200-ton BOF, one could ex=
pect to pay from $600,000 to $700,000 in Decembexr 1976. The total installed
cost could be between $1,000,000 and $1,100,000. An itemized cost breakdown
is not available, but there are items involved that could be easily over=
looked, such as heat resistance lining for the enclosure and -automatic doors.

5.2.4 Option D: Novel Uses of the Primary Hood

The primary emission control hood on the BOF has recently been utilized
in the capture of both charging and tapping emissions. In some applications,
changes in either the hood design or operating procedure were required, while
in other applications, additions such as baffles were necessarys

One new design which has a patent pending is the Gaw Damper. Briefly,
this is a wheeled damper which enables the hood's suction to be focused on
either the charging or the tapping side of the furnace. The damper is simply
rolled beneath that portion of the primary hood's face which the operator
wishes to blocke Another designer has added baffles on the tapping side to
guide the emissions in the direction of the primary hood. A third method min-
imizes the tilt of the furnace during charging and utilizes a ladle with a
uniquely long spout. This operating change places the mouth of the furnace
closer to the primary hood.

Extent of Applicatione~- _
At least four plants are known to be using the Gaw Damper, but little

is known of the success of this system. The minimizing of the furnace tilt
during charging has been applied at only one known plant, and the use of baf-
fles during tapping has been applied at two known plantse As with all methods
mentioned in this report, several other instances of application may exist
which were not surveyed during the course of the study.

Problems Associated with Application--
Two plants have had problems with the Gaw Damper when the tracks warped

because they were designed too close to the furnace mouth. Little is actually
known about the day-to=-day sdccess of the other techniques. However, there
are problems that can be anticipated in their application. The reduction of
the .furnace tilt during charging, while it does move the mouth closer to the
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primary hood, cannot possibly put the BOF mouth directly under the hood. Cone=
sequently, it is likely that a portion of the charging fumes will still esg~
cape capture and rise into the building monitor. With baffles or an enclosure
on the tapping side, interference with the tapping operation may be created.
This particular problem may be alleviated by moving the tapping ladle in une
derneath the baffle by railcar or by installing biparting baffles which al=
low crane cables through. ‘

Gontrol Device Performance~=

In one operation, the application of the Gaw Damper increases the face
velocity of the primary hood flow £rom 200 to 900 fpme The damper actually
blocks more than three-fourths of the primary hood face area and thus serves
dual purposes. First, the velocity.is increased, effecting greater capture
efficiency; and second, the flow is concentrated at the area of most need,
either the charging or tapping side of the furnace.

Control Device Cost--
Little is known of the cost of these devicese

5«3 HOT METAL TRANSFER

Hot metal transfer is the movement of molten iron from a torpedo car di-
rectly to a charging ladle or from a torpedo car to a hot metal mixer and
then to a charging ladle. This is not to be confused with reladling which is
herein defined as the mixing of molten steel from one ladle to another for
the purpose of evenly distributing some ladle addition.

Forty-two percent of the emissions from hot metal transfer are in a
flake=shaped particulate form called kish. Kish is nearly 100% graphite and
results from the rejection of carbon as the iron cools. Kish is generally
larger than 75 pm in diameter. The remaining 58% of the emissions from hot
metal transfer are iron oxide with a particle size less than 3 um.324é§/

In this section, the options to be considered for the control of fugi-
tive emissions from hot metal transfer operations are: (a) close fitting
ladle hoods, both movable and stationary; (b) canopy hoods, also movable or
stationary; and (c) partial building evacuation.

53¢l Option A: Glose Fitting Ladle Hoods

There are several variations of close fitting ladle hoods. Some are sta=-
tionary; others are movable. Some have hot metal inlets in the top while
others are open on one side. Aside from minor design differences, however,
the close fitting hoods are similar in that they all require lower flow rates
for the same degree of control than do the canopy hood options; they all can
be designed to draw enough of a vacuum to keep fumes from leaking from the
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inlet hole or around the bottom of the hood and they all require careful op-
erating procedures. ‘

Extent of Application-- :

A movable ladle hood with one side open as a hot metal inlet has been
reported recently.==" The hood is said to be movable since one hood serves
a two-ladle hot metal transfer station. Four stationary ladle hoods with hot
metal inlets in the top are known to be in operatiom at four different plants.
The ladles are carried under the close fitting hoods on railcars.

Problems Associated with Application-=-

As with all local hoods, the problems of operation interference and the
possibility of damage due to thoughtless operation do existe. Retrofitting a
stationary, close fitting ladle hood may be incompatible with the moving of
the ladle away from the station by the charging crane. This can be solved by
installing a movable ladle hood or a system such as a railcar for moving the
ladle from beneath the stationary hood.

GControl Device Performance-

The volume flow rate required to control hot metal transfer emissions
is directly proportional to the volume of hot metal transferred.gg/ At two
transfer stations, the evacuation rate was 40,000 to 50,000 acfm to handle
approximately 100 tons of hot metal in one case and 200 tons in another. The
construction time for the hood and its ductwork required approximately 10
working days. At a third station, the flow rate was 125,000 scfm to handle
approximately 150 tons of hot metal. The movable, close fitting ladle hood
utilizes 125,000 acfm to handle approximately 270 tons of hot metal. These
values show that actual, normalized evacuation flow rates range from 200 to
500 acfm/ton of hot metal handled for close fitting ladle hoods. The figure
200 acfm/ton of hot metal is probably too low since this particular plant is
lacking air pollution equipment of adequate capacitye.

Control Device Cost==

The hood utilized to evacuate a 100=ton hot metal transfer process was
estimated by the purchaser to cost $50,000 to fabricate and install. This
price was estimated for the hood alone and did not include the ductwork and
its support or building modifications. No other costs were available.

5e3¢2 Option B: Canopy Hoods

With canopy hoods as with close fitting hoods, there are several varia-
tions available, such as local or roof mounted canopies and stationary or
movable canopies. Canopies can be used above any of the three hot metal trans-
fer possibilities; that is, torpedo car to charging ladle, torpedo car to
mixer, or mixer to charging ladle.
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Extent of Applicatione=- :
There is one known application of a movable canopy hood utilized to cap-

ture fugitive emission generated during the transfer of hot metal from a

torpedo car to one of two mixerse The hood can be moved over whichever mixer

is accepting the hot metal. Whether the hood is local or roof mounted is not
knOwn- ‘

Problems Associated with Applicatione= :

No unusual problems are associated with the application of canopy hoods.
There are the typical considerations of retrofitting such as availability of,
space for the capture device, strength of building supports, routing of '
~ductwork and availability of space for the removal device, Also, the action
of crosscurrents in minimizing capture efficiency must be reduced. In some
new designs, secondary emission control systems such as hot metal transfer
station hoods, furnace charging, tapping and slagging are vented to a single
‘removal device. This concept of a centralized removal device to handle sev-
eral sources is becoming common in new plant design.

Control Device Performance--

Little information is available about the one known canopy hood. One can
conclude, however, that if close fitting ladle hoods require 200 to 500 scfm/
ton of hot metal transferred, local canopy hoods will require more ventila-
tion and roof canopy hoods the most ventilation. Values can be calculated us-
ing the Hemeon equations which show that the ventilation volume is dependent.
on the size of the source, the temperature difference between the plume and
the ambient atmosphere and the distance the face of the hood is from the
source+4Z/ :

Control Device Cost=wm :
Little information is available about the one known canopy hoode.

5e3e3 OQOption Q: Partial Building Evacuation

While total building evacuation solely to capture hot metal transfer
emissions is extreme, building configuration could sometimes lend itself to
partial evacuation. There are cases where the roof itself may be used as a
holding chamber for hot metal transfer emissions, with only the installation
of a few additional baffles required. The principle of this option is to let
the hot emissions rise to the roof and collect there until the operator de-
sires to evacuate them through a scavenger duct.

Extent of Application=-

There is only one known application of this optione The hot metal trans-
fer station serves three 120-ton BOFs. The roof plenum chamber is vented to
a baghouse.
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Problems Associated with Applicationwe

There is one forseeable problem associated with this option. The car-
bonaceous, flakelike particles called kish are large and are not likely to
transport with the upward convective flow, but rather to settle out in the
shopes Particles that did make it to the roof would not remain there long be-
fore settling out. From the perspective of in-shop health, the mass mean di=
ameter of the kish particles is larger than 10 pm; consequently, kish would
have little impact on human respiration. It is, however, a nuisance problem.

Control Device Performance-=
The flow rate used to evacuate the plenum roof chamber during hot metal
transfer was 300,000 acfm for the transfer of approximately 80 tons of hot
“—Hetal or approximately 3,600 acfm/ton of hot metal transferred. Of course if
the roof plenum chamber is large enough to hold all the emissions, they can
be collected and evacuated at any desired flow rate able to capture larger
particles before they settled back to the shop floor.

Control Device Cost==

The incremental cost for the hot metal transfer station control is based
on some unknown portion of the total installed cost for secondary emission
control of three 120-ton BOF's which was $5,000,000 in 1976. This value in-
cludes, but is not limited to, enclosure of the roof above the hot metal
transfer stations and above the BOF charging position, the purchase and in-
stallation of a 400,000 acfm fabric filter pressurized baghouse and the pur-
chase and installation of ductwork, fans and motorse.

5.4 TEEMING

After the steel is tapped from the furnace, whether EAF, BOF or OHF,
there exists two possible methods to produce a semifinished product. The
steel can be teemed into ingots and eventually rolled into semifinished stock
after various cooling and reheating processes, or the molten steel can be
transported to a nearby continuous caster and cooled and rolled with no in-
termediate steps or time delay. Teeming the molten steel into the ingots or
pouring it into the tundish that feeds the caster is a source of fugitive
emissions. Many observers have reported ingot teeming to be a minor source
of emissions.égl Unfortunately, quantification of emissions from teeming
has not yet been accomplished because other sources have been given priority.

Controls have been applied in selective teeming situations where poten-
tially toxic additions are made to the ingots. These additions include lead
and tellurium, to name a couple.ﬂgl The only option considered in this report
is the local hood. Since the main reason for installing controls is to prb-
tect the personnel on the teeming platform, the hood must have a high capture
efficiency, a requisite which local hoods are more likely to fulfill. Other
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options such as roof canopies or partial building evacuation, while poésiﬁle,

have not been applied because many questions concerning cost versus benefit

existe.

Se4el Option A: Local Hoods

Several possible configurations of local hoods exist. The
side draft or overhead, mobile or stationary. If the hoods are
they usually extend over dnly a few of the ingots, since hoods
tire teeming line would be of questionable cost-effectivenesse.

hoods can be
stationary,
over the en=-

" Extent of Applicatione-

There are three known teeming facilities which have fugitive emission
controlse All of these facilities add either lead or tellurium to their in-
gotse The teeming emission control system at Inland Steel's new Noe. 2 BOF
shop is documented in the literature although details of the System are
fewes8/ Knowledge of the remaining two systems was acquired either through
personal meetings or via telephone.

Problems Associated with Applicatione-= _

There are no known problems with the application of local hoods to con=
trol ingot addition emissions. As with any control close to the operation,
the design must ensure ease of operation.

Control Device Performance=e

The Inland Steel lead and fume collection System has a capacity of
60,000 scfme A second plant vents its hood at 50,000 acfm to its own bag-
houses. This second plant has a movable side draft hood attached to a railcare
The railcar is hooked to the teeming crane and is towed along with it.

Gontrol Device Gost~- _

The total installed cost for the side draft, railcar-mounted hooding
system was §150,000. This amount represents total cost, with a few of the in-
dividual cost items being the car, the hood, the baghouse, the fan, the motor
and the ductwork.

No costs were available for the other two known systems.
55 OTHER SOURCES

The sources to be considered in this section are gas cutting operations,
sinter plants and desulfurization stations. The sources in this section are
not necessarily of less importance or of smaller magnitude than those previ-
ously mentioneds The reason for the placing of these particular sources in
a8 miscellaneous section is that there was little or no information with which
to identify and evaluate operating fugitive emission control Systems.
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5.5.1 Gas Cutting Operations

There are several gas cutting operations at a steel plant. Among these
are (a) cutting buttons, (b) cutting skull, (c¢) cutting scrap and (d) scarf-
ings Buttons or buttes are the hardened remmants of molten steel left at the
bottom of a ladle. These are probably an accidental occurrence and conse-
quently are not the result of typical practice. Skull is hardened steel on
the side or mouth of a ladle, tundish, or a steelmaking furnace. The skull
forms where steel at a reduced temperature comes in contact with the ladle,
tundish or furnace lining and cools theree A third source of fugitive emis=-
sions, scrap cutting, occurs in the scrap yards. Since purchased scrap is
categorized by size (among other variables), it would not be typical to cut
purchased scrap. One might expect home scrap to be subject to more gas cut-
ting than purchased scrap. Finally, scarfing, both by hand and by machine,
is a source of fugitive emissions. Scarfing is done only when necessary since
each fraction of steel scarfed from the surface represents a loss in dollars,

Control of only one gas dutting source has been observed and that was
the hand scarfing of semifinished productse. A roofed shed with open sides was
constructeds The shed contained a crane above which was installed a large
canopy hood. The total flow rate of the hood was 200,000 acfme. This flow was
spread over several exit ducts installed along the hood.

While other controls have been observed, it is possible that local or
canopy hoods could be utilized to capture fugitive emissions from the de-
skulling of ladles and cutting buttes. For the shops that have their own de-
skulling stands, it would be feasible to install a hood over such a stand.

While operations such as deskulling and the cutting of buttes and scarf-
ing may be performed in a single small area capable of being hooded, scrap
cutting is not so amenable to conventional hooding. If a2 significant amount
of scrap cutting was performed, it might be possible to justify a shed such
as the one described above to control hand scarfing. Another possibility
would be a mobile hood mounted on a wheeled or tracked vehicle. The removal
device could be centrally located in the scrap yard. Were this latter option
to be selected, the respirable mass of dust generated by the vehicle itself
would necessarily have to be less than that generated by the scrap cutting
operation.

Jede2 Sintering

There are several potential sources of fugitive emissions within sinter
plants: raw material handling; windbox leakage; strand discharge; hot screen=
ing; cooler discharge and cold screenings The two most widely mentioned
sources are strand and cooler discharge.
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" An interview with one steel industry representative revealed at least
in a qualitative sense, the severity of each of the aforementioned sources.
Raw material input, that is, iron ore fines, flux fines and coke breeze, are
for the most part moist and not a major source of emissions during transport.
This, of course, does not preclude isolated problem cases where the fine in-
put materials are relatively dry and consequently are probable dust sources.

Fugitive windbox emissions were felt by the interviewee to be nonexis-
tent since the windbox is under negative pressure. MRI feels that as long as
negative pressure is maintained, this is true. However, process upsets may
exist where the draft is reduced for one reason or another. The frequency of
such upsets is unknown.

Strand discharge into the sinter breaker is a large source of emissions,
although few of these emissions are fugitive since a tight fitting hood is a
typical capture device. Hot and cold screens can also be easily enclosed and
vented to a control device although two plant visits have shown no enclosure
on the cold screens.

Almost all coolers now in operation are annular; most are the induced
draft typee It is common to have a stack on an induced draft cooler so that
the emission is, by definition, not fugitive but an uncontrolled stack emis=
sione Coolers without stacks, many of which are of the forced draft. type,
produce fugitive emissionse. With all cooler emissions, it is important to
remember that only an estimated 5% of the particles by weight are smaller
than 5 um., '

One observed sinter plant control system for fugitive emissions contains
43 different pickup points on the sinter operation, which are all vented to
a baghouses. The fact that there are 43 points of emissions is indicative of
the number of fugitive emission sources within this particular sinter plant.

5453 Hot Metal Desulfurization

Iron desulfurization is the process of removing sulfur from molten iron
for varied purposes such as: (a) to increase steel cleanliness; (b) to reduce
surface defects; (c) to increase hot workability; (d) to increase impact and
ductility values; and (e) decrease porosity in welds«49/ Tron desulfurization
normally takes place between the tap at the blast furnace and the charge to
the steel furnace.

The only known fugitive emission control systems for iron desulfuriza~
tion are applied in foreign plants. Krupp-Rheinhausen has two swivel=type
hoods over two adjacent desulfurization stations.50/ Nippon Steel's Oita
Works has a stationary overhead hood on their desulfurization station with
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a flow rate of 50,000 acfm.dl/ Kawasaki's Mizushima Works utilizes an over-
head stationary hood to control fugitive emissions from both desulfurization
and deslagging of the iron with a hood flow rate of 150,000 acfm. Nippon
Steel's Yawata Works utilizes a closed type, stationary hood to control de-
sulfurization emissions with 100,000 acfm. It is not known whether this en-
closed hood is of the total enclosure or close fitting ladle hood type.
Finally, Sumitomo's Kashima Works collects emissions from both hot metal
transfer and desulfurization with closed=type stationary hoods utilizing
250,000 acfme.
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SECTION 6.0

CONTROL TECHNOLOGY FOR OPEN DUST SOURCES

This section presents an assessment of best available control technology
for open dust sources associated with integrated iron and steel plants. In-
formation from this assessment was obtained from (a) published and unpublished
literature and (b) surveys of representative iron and steel plants,

In the sections below, control system options are presented for the fol-
lowing open dust sources:

Materialg handling (unloading and conveyor transfer stations)

Storage pile activities

* Load-in,

* Vehicular traffie,
* Wind erosion, and
* Load-out.

Vehicular traffic

* Unpaved roads, and
* Paved roads.

Wind erosion of exposed areas

Expected performance and cost data are given for each option along with the
current extent of application.

The effectiveness and cost of various control options for the reduction

of fugitive dusts generated from open dust sources within an integrated iron
and steel facility are discussed in the following sections. A discussion of
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each control option is given concerning: (a) extent of application; (b) prob-
lems associated with control; (c) control performance; and (d) control costs.

6.1 MATERIALS HANDLING

Materials handling refers to railcar unloading, conveyors and conveyor
transfer stations.

6.1.1 OQption A: Enclosures

The total or partial enclosure of railcar unloading stations, conveyors,
and conveyor transfer stations is an effective means to iinimize fugitive dust
emissions. Control systems of this type include (a) total enclosure of rail-
car unloading stations with the removal of captured particulate by high effi-
ciency bag filters; (b) the total or partial enclosure of open conveyors; and
(¢) the total or partial enclosure of conveyor transfer stations with the re-
moval of dusts by bag filters.

Extent of Application--
The integrated iron and steel plants surveyed by MRI utilized these meth-
ods of control at various points.

Problems Associated with Application-- .

Problems which may occur with the enclosure of railcar unloading stations,
conveyors and conveyor transfer stations are maintenance related. Leaks in
total enclosure systems equipped with bag filters will reduce the effective-
ness of the dust collection systems. Maintenance of enclosed conveyors and
conveyor transfer stations requires the removal and replacement of sizable
sections of sheet metal,

Control Performance--

Estimated control efficiencies for the enclosure of railcar unloading
stations, conveyors and conveyor transfer stations, as determined by MRI, are
presented in Table 6-1., The total enclosure of railcar unloading stations
and dust collection with bag filters has an estimated control efficiency of .
99% in relation to open (uncontrolled) unloading stations. The control ef-
ficiency estimated for top-covered conveyors is 70%. An airtight conveyor
enclosure exhausted to a bag filter has an estimated control efficiency of
99%. The enclosing of conveyor transfer points gives estimated control effi-
clencies of 70 to 99%. The lower value relates to a simple enclosure, and
_the higher value related to a full enclosure exhausted to a bag filter.

Control Cost--

The initial and annual operating costs associated with these three en-
closure control systems are presented in Table 6-1, The initial cost of a
total enclosure and bag filter system for a railcar unloading station has
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been estimated by the Dravo Corporation to be $100’000,§&/ but no annual
operating costs were obtained for this system. The initial costs of install-
ing topcovers and airtight conveyor enclosures were estimated by g materials
handling contractor to be $35 to $70/ft, respectively, but the airtight con-
veyor cost does not include the cost of a dust collection system. No annual
operating costs were obtained. The initial cost of enclosing conveyor trans-
fer stations is $3,000 for simple enclosure to $18,000 for enclosure with bag
filtration,éi but no annual operating costs were obtained for this control
measure, :

6.1.2 Option B: Spray Systems

Spray systems which utilize water and/or chemical wetting agents are
effective methods of dust control for railear unloading stations and conveyor
transfer stations. The water Spray systems create mists which capture dust
emissions. Wetting agents agglomerate fine particles which would otherwise
escape the control of water sprays,

Extent of Application--
The integrated iron and steel plants surveyed by MRI utilized these
methods of control at various points.

Problems Associated with Application--

Problems associated with spray systems include the inability of the sys=
tems to work below freezing temperatures and the possible buildup of impacted
material at the materials handling station.

Control Performance-«

Estimated control efficiencies, as determined by MRI, for materials han=
dling spray systems are presented in Table 6-1. For railcar unloading sta-
tions utilizing spray systems, a control efficiency of 80% is estimated. The
use of spray systems at a conveyor transfer stationm has an estimated control
efficiency of 70 to 95%.

“Control Cost --

Table 6-1 presents cost data for spray systems. The initial costs of
implementing spray systems on quick bottom-dump and rotary-dumg railcar un-
loading stations have been estimated by the Dravo Corporationi-/ to be
$30,000 and $40,000, respectively; but no annual operating cost data were
obtained for this system.

The initial cost for a foam-type spray system is $10,000 to $15,000 per
conveyor transfer point. For this system, it is stated that by injecting the
foam into the free falling aggregate at the first transfer point, adequate
dust control will be realized through subsequent conveyor and transfer opera-
tions, The annual operating cost of this system is 2 to 4¢/ton of treated ma=-
terial throughput.éﬁl
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The initial cost of implementing multiple conveyor sprays for a plant
handling 2.2 x 109 tons of material per year was estimated by a materials
handling contractor to be $200,000. No annual operating costs for this sys=-
tem were obtained.

6.2 STORAGE PILE LOAD-IN

6.2.1 Option A: Reduce Drop Distance

Reducing the distance that a material falls during the load-in process
minimizes the potential for fugitive dust emissions. Control may be brought
about (a) by increased operator awareness in the use of conventional front-
end loaders, overhead conveyors, or clamshell buckets or (b) through the use
of specialized equipment, including height-adjustable stackers (both station-
ary and mobile) and telescopic chutes,

A telescopic chute is placed at the discharge end of either a mobile or
stationary stacker. The telescopic chute consists of a series of thin-walled
cylinders which guide the material being dropped by the stacker. As the pile
grows in height, a sensor retracts the cylinders so they do not become em-
bedded in the plle. The telescopic chute can reduce the effective material
drop distance to a few feet,

Extent of Application--

0f the four plants surveyed by MRI for open dust sources, three utilized
stackers to some extent in the load-in process. However, telescopic chutes
were not in use at these plants.

Problems Associated with Application--

Because stationary or mobile stackers require tie-in with (existing or
new) conveyor systems, whenever the conveyor system breaks down, the stacker
becomes inoperable., Telescopic chutes could become embedded in the pile with
the result that stacking systems would overload, No information was received
on the frequency of this occurrence.

Control Method Performance--

Estimated control efficiencies associated with reduction of drop dis-
tance, as determined by MRI, are presented in Table 6-2. The visible dust
generated from the use of stackers and telescopic chutes was compared to the
dust generated utilizing front-end loaders or clamshell buckets, in deriving
the control efficiencies. An estimated control efficiency of 257 is assigned
to stackers, which have the capability of limiting the drop height; and tele-
scopic chutes are assigned an estimated control efficiency of 75%.




TABLE .6-2. STORAGE PILE ACTIVITY DUST CONTROLS

Estimated Annual
control operating
. efficiency Initial cost cost
Control method (%) (1977 §) (1977 %)
load-in
Option At Reduce drop distance :
Stacker -~ height adjustable 25 100,000 to 5,300,000 NA
Telescopic chutes ’ 75 7,000 . NA
Option B: Enclosures
Stone ladders 80 20,000 NA
Wind guards 50 10,000 to 50,000 NA
Option C: Spray systems,
Stacker - sprays 75 60,000% NA
Vehicular traffic around storage
piles (see Table 6-4)
Wind erosion from storage piles
Option A: Surface stabilization W,
Regular watering _ 80= / 11,000 NA

Surface crusting agents up to 99= 11, 000+ 0,004 to 0.1/sq ft

Option B: Enclosures

Storage silos 100 60/ton material stored
Vegetative wind breaks 30 35 to 350/treas/
Low pile height 30 NA
Load-out
Option A: Reduce material
disturbance
Gravity-feed-plow reclaimer 85 35 to 60/ton material
stored
Rake reclaimer 85 NA
Bucket wheel reclaimer 80 2.2 to 5.3 x 108 &/

Option B: Spray systems
Bucket wheel reclaimer sprays - 95 60, 000t

a/ Based on a wind-activated sprinkler system,
b/ Based on measured data, see Appendix C.
£/ Low value 8-ft trees; high value 25-ft trees,

4/ Based on a mobile stacker/reclaimer system.
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Control Cost--

Cost data for stackers and telescopic chutes are presented in Table 6~2.
The initial cost for a stacker is dependent on (a) whether it is stationary
or mobile, (b) the rated capability of the equipment, and (¢) whether the
stacker is combined with a reclaiming operation. Depending on rated capaci-
ties, stationary stackers have an initial cost of $100,000+. Mobile stackers
vary greatly in cost as shown by these examples:

1. Ore yard stacker, capacity 2,000 t/hr: $600,000.
2. Iron ore stacker, capacity data not available: $1,800,000.

3. Coal and coke yard stacker/reclaimer combination, stacker capacity
2,000 t/hr: $2,250,000,

4. Coal yard stacker/reclaimer combination, stacker capacity 3,000 t/hr:
$4,000,000,

5. Ore yard stacker/reclaimer combination, stacker capacity 5,000 t/hr:
$5,300,000,

These approximate costs of equipment purchase and erection were obtained
from the Dravo Corporation.éa No annual operating cost data were obtained.

The initial cost of a telescopic chute, as quoted for a 30-ft maximum
pile height is $7,000. This cost was obtained from a materials handling con-
tractor. No annual operating cost data were obtained.

6.2.2 Option B: Enclosures

The total or partial enclosure of free falling aggregate as it leaves
the discharge end of a stacker reduces fugitive dust emissions. Enclosure
methods applicable to stacker load-in include stone ladders and wind guards.

Stone ladders are permanent devices which guide the material from a
stacker to the pile. The ladder consists of a vertical tube (connected to a
stationary stacker) located in the center of the pile with openings in that
tube at various heights. Material fills up the tube until it reaches an
opening not covered by the pile at which point it flows out onto the pile,

Wind guards are fixed in length and are placed at the discharge end of
the stacker arm. They operate somewhat like the telescopic chute in reduc-
ing the eroding action of the wind.
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Extent of Application=--
None of the steel plants surveyed utilized stone ladders or wind guards.
These devices are used to a greater extent in the crushed stone industry.

Problems Associated with Application--

Stone ladders are stationary and must be attached to a stationary stacker.
This places restrictions on the type of pile formation possible. No major
problems are associated with wind guards.

Control Performance--

Estimated control efficiencies associated with enclosures, as determined
by MRI, are presented in Table 6-2. Stone ladders and wind guards have esti-
mated control efficiencies of 80 and 507, respectively, relative to use of
front-end loader for storage pile load-in.

Control Cost-- .

The initial and annual operating costs for enclosures are presented in
Table 6-2. The initial cost of a stone ladder, for a 30-ft maximum pile
height, as quoted by a materials handling contractor, is $20,000, Wind
guards have a7 initial cost, as quoted by the Dravo Corporation, of $10,000
to $50,000. Annual operating cost data were not obtained for these con-
trol methods.

6.2.3 Option C: Spray Systems

Utilizing a water or wetting agent spray system at the discharge end of
a stationary or mobile stacker effectively minimizes fugitive dust emissions.

Extent of Application--
None of the plants surveyed by MRI utilized this control method.

Problems Associated with Application--

Because the spray system requires water as the main control agent or as
a carrier medium for chemical wetting agents, special care 1is required when
working under subfreezing conditions. Also, with mobile stackers, care must
be taken in maintaining the traveling tubing and piping.

Control Performance--

_ Estimated control efficiencies associated with stacker spray systems,
as determined by MRI, are presented in Table 6-2, Relative to use of uncon-
trolled front-end loaders, a stacker spray system has an estimated control ef-
ficiency of 75%.

Control Cost-- _
Cost data for stacker spray systems are presented in Table 6-2. A spray
system which wets the material as it falls from the stacker arm has an initial
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cost of $60,000+, This includes piping, sprays, reels for mid-travel pickup,
and wetting agent proportiomers. The above cost information was obtained from
the Dravo Corporation.’Z’ No annual operating cost data were obtained.

6.3 VEHICULAR TRAFFIC AROUND STORAGE PILES

Fugitive dust is generated by the various types of vehicles which trans-
port materials to and from storage and which maintain the storage pile con--
figurations. These vehicles consist mainly of front-end loaders; however,
large dump trucks may also be used, especially in the slag plant areas. Wa-
tering and chemical dust suppressants may be used to control emissions from
vehicular traffic. Information on these control options are presented in
Section 6.6, Vehicular Traffic on Unpaved Roads.

6.4 WIND EROSION FROM STORAGE PILES

6.4.1 Option A: Surface Stabilizat ion

The process of stabilizing the surface layer of a pile consists of bind-
ing the surface particulates into a nonerodible crust. Occasional watering
of the pile surface or the addition of chemical crusting agents will accom-
plish this task.

Extent of Application--
At one plant surveyed by MRI, a daily watering program for the coal
storage piles was implemented to reduce wind erosion.

Problems Associated with Application--

Typically, storage piles are subject to the addition or removal of ma-
terial many times during the course of a week. Every time this occurs, the
surface crust is disturbed. Thus, surface watering or the application of
crusting agents must be done on a frequent basis.

In order to wet the surface layer, a network of sprinklers, towers, wa-
terlines, pumps or tank truck sprayers are required., The positioning of this
equipment may interfere with the normal pile load-in/load-out procedures.
Also, control systems which use water can become inoperable during freezing
weather conditions. In addition, some materials such as processed slag are
normally marketed in the dry state, making the addition of water undesirable.

Control Performance--

Estimated control efficiencies associated with surface stabilization,
as determined by MRI, are presented in Table 6-2. The control efficiency as-
sociated with periodic watering of the pile surface is estimated to be 80%,
assuming that wetting of storage piles occurs on a regular basis. Water spray
systems may conssit of stationary ground level sprinkler systems, tower-mounted
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sprinklers, or mobile tank-truck sprayer systems., An operating example is a
stationary ground level system wetting two 900-ft long coal piles utilizing
sprinkler heads spaced every 180 ft. Under dust producing meteorological con-
ditions, the system of 32 sprinklers surrounding the piles sprays about 13,000
gal, of water per day. ?his system adequately controls wind erosion genera-
tion of fugitive dust. 22

A sprinkler system mounted on a 30-ft tower producing a dense, 40-ft wide
cloud of water mist has been used to minimize storage pile wind erosion at a
quarry site. This system, which is both wind speed and direction activated,
has produced favorable results.56

The control efficiencies associated with the spraying of surface crust-
ing agents upon storage piles can extend to 99%, as derived from wind tunnel
tests (Appendix C). Surface crusting agents can be applied by either sta-
tionary or mobile sprinkler systems. Example chemicals and application rates
for different types of these crusting agents are presented in Table 6-3.

Control Cost==-

The initial and annual operating costs for surface stabilization are pre-
sented in Table 6-2. The initial cost of erecting a stationary elevated water
spray system, which controlled one relatively large stockpile, was estimated
to be about $11,000, including sprays, piping, pumping, wind instruments and
installation costs.?8/ No annual operating costs were obtained for this sys-
tem.

The cost of applying surface crusting agents to storage piles from sta-
tionary equipment is assumed to be slightly more costly. This assumption is
based on the need for additional mixing chambers and proportioners to dilute
the crusting agents with water, The cost of applying these various surface
crusting agents is presented in Table 6-3.

6.4.2 Option B: Enclosures

Shielding of storage piles from the direct action of the wind, through
the use of total or partial enclosures, reduces the potential for fugitive
dust, Methods which accomplish this include (a) storage silos, (b) wind-
breaks, and (¢) low pile heights. Windbreaks are either natural (trees,
locating piles in low lying areas) or man-made (buildings, fenmces).

Extent of Appllcation--

Storage silos are used more for the storage of special materials than as
measures against wind erosion. At one plant surveyed by MRI, however, the
majority of coal was stored in one large silo, partially as a measure against
wind erosion. Although the surveyed plants did not utilize natural windbreaks,




TABLE 6-3, EXAMPLE SURFACE CRUSTING AGENTS FOR STORAGE PILES
AND EXPOSED AREAS2/

Surface crusting Application Application
agent (concentrate) Dilution rate costh/

A. Organic polymers

* Johnson-Maxch, Full 1l gal. concentrate

SP-301 strength per 100 ft2 1.2¢
- Houghton, 27 solution 1 gal. concentrate

Rexosol 5411-B per 300 ft2 0.7¢

B. Petroleum resin
water emulsion

* Witco Chemical, 207% 1 gal. concentrate
Coherex solution per 50 £t2 0.4¢

C. Latex type-synthetic
liquid adhesive

* Dowell M145 4% water 4 gal. of 4% solution
chemical binder solution per 100 ft2 0.4¢

a/ Reference 55.

b/ Cost per square foot of surface area.
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the piles were usually located near buildings (sinter plant, coke ovens or
blast furnaces), and these structures probably reduced the eroding force of
the wind, Many piles were observed to have low heights, which was mainly at-
tributed to the associated pile load-in methods. Because surface wind speed
increases with height, lower pile heights result in lower surface wind speeds
and less wind erosion.

Problems Associated with Application--

Problems associated with storage silos include (a) maintenance of con-
veyors used for the loading and reclaiming of the stored materials and (b)
possible explosion hazards caused by the high dust concentrations inside the
silos. No major problems are associated with natural windbreaks other than
the time required for trees to reach their mature height. The problem with
maintaining low storage pile height is the requirement for land area, and
the possible offsetting effect of increased pile surface area exposed to the
eroding action of the wind.

Control Performance--

Estimated control efficiencies for enclosures, as determined by MRI, are
presented in Table 6-2. Silos, which totally enclose the storage pile mate-
rials, have an estimated control efficiency of 100%. Windbreaks placed up-
wind of the storage pile area based on prevailing wind direction are assigned
an estimated control efficiency of 30%. Maintaining low pile height (not
greater than 15 ft) has an estimated control efficiency of 307.

Control Cost--

The initial and annual operating costs for enclosures are presented in
Table 6-2. The initial cost of a concrete silo system is approximately $60
per ton of material stored.23’ The cost of planting trees for use as wind-
breaks ranges from $35 for 8-ft trees (30-ft height in 15 years) to $350 for
25-ft trees. Maintaining low pile heights has no directly associated costs.
No annual operating costs for these measures were obtained.

6.5 STORAGE PILE LOAD-OUT

6.5.1 Option A: Reduce Material Disturbance

Load-out of material from étorage piles, accomplished with reclaiming
methods such as gravity feed onto underground conveyors and raking or bucket
reclaiming of material onto conveyors, produces minimal material disturbance,
resulting in less fugitive dust emissions than generated by the use of a
front-end loader to pick up, carry, and dump material onto a conveyor. Rake
reclaimers vibrate along the face of a pile and move material onto an under-~
ground conveyor. The bucket wheel reclaiming method moves along the pile ro-
tating the bucket wheel perpendicular to the pile face, depositing material
onto a conveyor.
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Extent of Application--

At the four steel plants MRI surveyed, the main method of reclaiming ma-
terials from storage piles was via front-end loader. Three of the plants
used stacker/reclaimer equipment for a few of their major piles.

Problems Associated with Application--

Problems associated with the gravity feed of pile materials onto under-
ground conveyors include potential mechanical problems with the conveyors and
the possible clogging of the undergrounmd transporting rails and plow, which
moves material onto the conveyors. Mobile rake and bucket wheel reclaimers
which are mounted on surface rails and can reclaim at various pile locations,
require special pile orientations and need to be connected to conveyor sys-
tems, requiring periodic maintenance.

Control Performance--

Estimated control efficiencies for reduction of material disturbance, as
determined by MRI, are presented in Table 6-2. Control efficiencies are esti-
mated relative to use of uncontrolled front-end loaders. Gravity feed plow-
type reclaiming is estimated to have a control efficiency of 85%, based on the
fact that the material is being reclaimed from under the pile for the greater
portion of the reclaiming process. Toward the end of the reclaiming process,
front-end loaders may have to push the remaining pile material onto the con-
veyor feed mechanism.,

Rake reclaimers are assigned an estimated control efficiency of 85%. One
surveyed steel plant reclaimed iron ore and pellet piles with this method at
material rates of 800 and 900 tons/hr, respectively. The control efficiency
of the bucket wheel reclaiming method is estimated to be 80%.

Control Cost--

The initial and annual operating costs associated with reclaiming methods
which reduce material disturbance are presented in Table 6-2. The initial
cost of a gravity feed plow reclaiming system is estimated to be from $35 to
$60 per ton of material stored,éé/ but no annual operating costs were obtained
for this system., Cost data were not obtained for the rake reclaiming method.

The bucket wheel reclaimer is often found as part of a stacker/reclaimer
combination. Examples of initial costs associated with this combination are
as follows:32/ '

1. Coal and coke stacker/reclaimer, reclaiming capacity: 875 tonnes/hr
coal, approximate cost erected: $2,250,000,

2., Stacker/reclaimer, rated reclaiming capacity: 1,500 tonnes/hr ore,
approximate cost erected: $4,000,000.

6-13




3. Stacker/reclaimer, rated reclaiming capacity: 4,000 tons/hr pellets,
approximate cost erected: $5,300,000.

No annual operating costs were obtained for this equipment.

6.5.2 Option B: Spray Systems

The application of water or chemical wetting agents prior to pile load-
out reduces fugitive dust emissions, Methods include simple surface wetting
of pile material to the use of specialized spray systems attached to bucket
wheel reclaimers.

Exfent_of Application--
None of the steel plants surveyed by MRI utilized these control methods.

Problems Associated with Application--

Since the spray systems utilize water as a control medium, special care
is required when working under fréezing conditions. Care must also be taken _
in maiataining piping and tubing equipment which are attached to mobile wheel
reclaimers.

Control Performance-- ‘

Estimated control efficiencies associated with spray systems are pre-
sented in Table 6-2, The control efficiency for the surface wetting of piles
prior to front-end loader or mechanical reclaimer load-out was not obtained.
It is believed this method has a low control efficiency because only the dust
from the pile surface material is controlled. The control efficiency for a
bucket wheel reclaimer spray system, relative to load-out with a front-end
loader, was estimated by MRI to be 95%.

Control Costs-- _ _

The control costs associlated with spray systems are presented in Table
6-2., The initial cost for a spray system which wets material as it is being
reclaimed by a mobile bucket wheel reclaimer is $60,000+. This is estimated
by MRL from data obtained for a stacker (load-in) spray system.ég/ This in-
cludes piping, sprays, reels for mid-travel pickup and wetting agent propor-
tioners. No annual operating cost data were obtained.

6.6 VEHICULAR TRAFFIC ON UNPAVED ROADS

6.6.1 Option A: Dust Suppressants

The means of fugitive dust control included under this dption are un-
paved roadway watering, oiling, and the use of chemical dust suppressants,
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Extent of Application--
Roadway watering and oiling programs were 1mplemented at three of the
plants surveyed by MRI.

Problems Associated with Application--

Problems encountered with the watering of plant unpaved roads include
(2) need for a continuous program, (b) rapid drying of road surfaces during
hot and dry weather, and (c¢) the pickup of wet road surface material onto
vehicles and the subsequent tracking of this material onto paved roads.

To be effective, an unpaved road watering program should be based on
regular and frequent watering. This requires a commitment with regard to
manpower and equipment. Usually two or more waterings per day are applied
to reduce dust emissions depending on the climate of the plant area. Plants
located in regions experiencing hot, dry, windy periods will need to increase
the intensity and frequency of road watering.

The watering of unpaved roads increases the tracking of surface material
onto paved road surfaces. This additional particulate surface loading may be
reentrained by paved road traffic. A paved road sweeping program would re-
duce the potential for dust reentrainment at the junction of paved and unpaved
roads.

The oiling of unpaved roads may lead to a surface runoff water pollution
problem. Proper equipment must be allocated and the roadway may need to be
re-oiled once a month or more frequently, depending on road travel. The ad-
dition of dust suppressant chemicals requires specialized mixing and applica-
tion equipment and requires periodic reapplication.

Control Performance--
Estimated control efficiencies associated with dust suppressant control
methods, as determined by MRI, are presented in Table 6-4,.

The control efficiency realized from an unpaved road watering program is
based on the regularity of the program and the type of equipment used. During
steel plant visits, MRI personnel noted the types of watering trucks and fre-
quency of use. The equipment ranged from retrofitted home heating oil deliv-
ery trucks to specialized trucks with mounted pressurized spray bars. The wa-
tering programs ranged from sporadic biweekly watering to watering of problem
areas on an almost continuous basis. An estimated control efficiency of 50%
has been assigned unpaved road watering. This value is dependent on the fre-
quency of watering, type of road surface material, characteristics of traffic
on the road, and meteorological conditions.

Monthly oiling of an unpaved road has an estimated control efficiency of
75%. This value is based on observation of heavy truck traffic on oiled and
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R ‘ TABLE 6-4. ROAD DUST CONTROLS

i
{

Estimated Asnual
contyrol operating
afficiency Initial cost cost
Control method ®» 1977 $) (1977 $r&/
Uapaved roads
Optiou A: Dust suppressants
Watering - regular schedule 508/ 10,000/t rucks/ 20,0008/
Road oil 758/ 2,500/mi1ee’ . (Re-oil ogee a
month) £
Chemicals (e.g., Coherex or 90 to 95£/ 5,000 to 12,000/milel/ 31,000 to 75,000
Lignin) .
Option B: Improvement of
road surface
Use of low silt aggregate 301/ NA NA
0il and double chip surface sod/ 9,000/m11e2./ (Resurface every
2 to &4 yr)&
Paving 908/ 28,000 to 50,000/mile&’  (Resurface every
5 yo)&/
Paved roads
Option A: Sweeping 4/
Broom 704 4,000 to 12,000/truckd’ 18,0008/
Vacuum 754/ 22,000/trucks’ 22,0008
Option B: Flushing .
Water flushing god/ 11,000/¢ruckl’ 18,0004/

a— m————
—— —

NA = Not available,

a2/ Based on a plant having 6.3 miles of unpaved roadways, the average of open dust
surveys of four plants.

b/ Reference 57,

c/ Obtained from steel plant personnel.

d/ Assumed by MRI.

e/ Obtained from a road contractor.

£/ Reference 58,

g/ Calculated reduction based on unpaved and paved roa&way emission races.

b/ Obtained from equipment manufacturer.
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nonoiled unpaved road surfaces. Applications of dust suppressants such as
Coherex or Lignin to t?e surface aggregate has an estimated control effi-

ciency of 90 to 95%.28/

Control Cost--

The initial and annual operating costs for application of dust suppres=
sants to unpaved roads are presented in Table 6-4. The costs of an unpaved
road watering program are based on information obtained from personnel at
one of the surveyed plants. The initial cost of a nonpressurized spray water
truck with a 3,000-~gal. capacity is $10,000, The annual operating cost of
watering roadways twice a day was estimated to be $20,000.

The initial cost of $2,500/mile for road oiling was obtained from a road
contractor. The frequency rate of monthly re-oiling was determined from dis-
cussion with personnel at a surveyed plant. The initial cost of adding dust
Suppressants to the unpaved road surface is estimated to be $5,000 to $12,000
per mile.2 Resurfacing is required at least once a year; thus, annual op-
erating costs are estimated to be $31,000 to $75,000 per year for a plant hav-
ing 6.3 miles of unpaved roadways.

6.6.2 Option B: Improvement of Road Surface

The methods of fugitive dust control included under this option are (a)
the use of low silt aggregate for unpaved surfacing, (b) oil and double chip
surfacing, and (¢) the paving of unpaved surfaces.

Extent of Application--
The first and last of these control methods were implemented at two plants
surveyed by MRI,

Problems Associated with Application--

The use of low silt aggregate material may require increased road main-
tenance to keep the surface from accumulating fractured aggregate, which will
create dust. An oil and double chip surface will need to be periodically
maintained and may degenerate under heavy truck traffic.

There are two problems encountered when paving unpaved roads. An ade-
quate roadbed must be provided to handle the weight of vehicles ranging from
3 to 70 tons. Also, once the road is paved, it should be periodically cleaned
to prevent excessive dust reentrainment by vehicles.

Control Performance--

Estimated control efficiencies realized from the improvement of the un-
paved surface, as determined by MRI, are presented in Table 6-4. The use of
low silt surface aggregate has an estimated control efficiency of 30%. Sur-
facing with an o0il and double chip layer has an estimated control efficiency
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of 80%. The control effiéiency realized from a paving program is dependent
on the degree to which the roads are kept free of surface loadings. Based on
a weekly sweeping program, the control efficiency for paving unpaved surfaces
is estimated to be 90%.

Control Cost--

The initial and annual operating costs for unpaved road surface improve-
ment are presented in Table 6-4, The costs of using a lower silt aggregate
for the unpaved road surface were not obtained, A road contractor estimated
an initial cost of $9,000/mile for an oil and double chip surface, with re-
surfacing required every 2 to 4 years. The initial cost of paving a road
surface has been estimated at $28,000 to $50,000 per mile, depending on the
type of roadbed required. The cost of resurfacing a paved road, which is
normally required every 5 years, was not determined.

6.7 VEHICULAR TRAFFIC ON PAVED ROADS

6.7.1 Option A: Sweeping

When excessive particulate loading builds up on paved road surfaces, the
degree of vehicle reentrainment of this dust increases. To minimize these
dust emigsions, motorized broom sweepers and motorized wacuum sweepers are
used to remove the dusts from the paved roadway.

Extent of Application--
At two plants surveyed by MRI, sporadic programs of broom sweeping were
implemented. One plant had a biweekly road vacuuming program.

Problems Associated with Application--

- The use of broom sweepers may produce more fines than they pick up dur-
ing operation. Also, if there is no means to catch the swept dust, the broom
ig itself a source of fugitive dust.

Control Performance--

Estimated control efficiencies realized from these measures, as presented
in Table 6-4, are dependent on the frequemcy of the implemented control pro-
grams. Broom sweeping is estimated to be 70% efficient when done biweekly.
Biweekly street vacuuming is estimated to be 757 efficient, based on discus-
sions with personnel at a plant where this method was implemented. These es-
timated control efficiencies were determined by MRI. '

Control Costs~-~ :

The initial and annual operating costs for paved road sweeping programs
are presented in Table 6-4, The initial cost of a broom sweeper designed for
industrial roadway applications ranges from $4,000 for a trailer-type sweeper
to $12,000 for a self-propelled unit with a water spray bar, as determined by
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the Roscoe Manufacturing Company.ég/ Annual operating costs were assumed to

be $18,000. The initial cost for a vacuum street sweeper is $22,000; and the
annual operating cost is also $22,000, These values were obtained from plant
personnel where such a program was implemented.

6.7.2 Option B: Flushing

The flushing of paved road surfaces with water to remove roadway dusts
is a viable method to reduce vehicle reentrained dusts.

Extent of Application-~
This technique is used in many urban areas; however, its use was not ob-
served at any of the steel plants surveyed by MRI,

Problems Associated with Application-- _

Roadway flushers may increase vehicle mud tracking from unpaved areas.
Also, the flushing of roadway surface dust may create a water pollution prob-
lem, as these materials run off to low lying areas.

Control Performance--
As indicated in Table 6-4, an MRI-estimated control efficiency of 807
was assigned to weekly roadway flushing. :

Control Cost--

Table 6-4 presents the initial and annual operating costs for a road
flushing program. The initial cost of a 3,000-gal. capacity street flusher
is $11,000 excluding the truck chassis. An annual operating cost was esti-
mated by MRI to be $18,000, as obtained from the Roscoe ManufacturingCompany.égj

6.8 WIND EROSION FROM EXPOSED AREAS

6.8.1 Option A: Surface Stabilization

The surface layer of an exposed area may be stabilized by periodic water-
ing or occasional application of stabilizing solutions. O0iling and paving,
more: permanent methods, are quite effective in reducing exposed area fugitive
dusts generated by wind erosion.

Extent of Application--

Only one plant surveyed by MRI had implemented a program to reduce exposed
area fugitive dust emissions. This plant had paved the vast majority of its
exposed ground area.

Problems Associated with Application--
Frequently steel plant exposed areas are used for product storage, thus,

preventing the use of sprinkler control systems, which would spray finished
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products, The use of stabilizing chemicals may hinder the growth of vegeta-
tion which is beneficial in reducing wind erosion. The oiling of these ex-
posed areas may create surface water runoff problems and also hinder vegeta-
tive growth. Paving the open areas would require occasional pavement cleaning
to reduce resuspension of particulates.

Control Performance=--

Estimated control efficiencies for stabilizing the surface soil layer
‘against wind erosion, as determined by MRI, are presented in Table 6-5. The
application of water to the surface layer not only wets the surface, but forms
a hard crust upon drying, which acts to bind the erodible fine material. To
be effective, however, watering must be done periodically to rebuild the sur-
face crust as it degrades. During dry weather, watering two or three times a
week may be necessary. The estimated control efficiency is 50%.

The addition of soil stabilizing chemicals will also form a hard surface
crust upon drying. This surface crust, if left undisturbed, will last from 7
to 12 months, making frequent application unnecessary, The surface stabiliz-
ers as a group are assigned an estimated control efficilency of 70%.

The oiling of exposed areas is assigned an estimated control efficiency
. of 80%. The areas should be oiled every 2 months. Paving the open areas and
occasional cleaning is estimated to have a control efficiency of 95%.

Control Cost--

The initial and annual operating costs for surface stabilization are pre-
sented in Table 6-5. The initial cost of a water sprinkler system was esti-
mated by an irrigation contractor to be $600 per acre. This system is hand-
moved and includes piping and sprinkler heads capable of applying 125 gal. of
water per minute with an effective spray radius of 110 ft. The 7nnua1 operat-
ing cost for a typical watering program is $4 to $10 per acre.él

The initial cost of oiling the exposed areas was estimated by a paving
contractor to be $85 per acre per application. The annual operating cost
would be dependent on the frequency of surface oiling during the year.

The initial cost of paving an acre of exposed area was estimated by a
paving contractor to be $3,000 for an oil and double chip surface layer and

$10,000 for paving with asphalt. No annual operating costs were obtained for
these two methods.

6.8.2 Option B: Windbreaks

Methods which are applicable in reducing the eroding force of the wind -
include planting trees to act as windbreaks and the planting of vegetative
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ground cover, which impedes the wind's eroding ability and holds the surface
gsoil layer in place.

Extent of Application--
At one plant surveyed by MRI, extensive ground cover was observed. How-
ever, no windbreaks were observed at any plant.

Problems Associated with Application=«

No major problems are associated with the planting of windbreaks other
than the time it requires for the trees to grow to maturity. The time lag
can be alleviated by buying 25 to 30 ft trees when starting the windbreak.
The planting of vegetation may be a problem where the surface layer is com-
posed of crushed slag. Earth and soil nutrients could be required to stimu-
late vegetative ground cover. Ground cover could pose a fire hazard during
dry seasons.

Control Performance--

Estimated control efficiencies of windbreaks, as determined by MRI, are
presented in Table 6-5. Based on a tree shelter belt 40 ft in height placed
upwind of the open area's prevailing wind direction, an estimated control ef=-
ficiency of 307 is assigned to windbreaks. If the shelter belt surrounds the
exposed area, it may also act as a trap for suspended dusts., The growth of
ground cover has an associated control efficiency of 70%,21 based on cover-
age during the entire year. :

Controlt Cost--

The initial and annual operating costs for these control measures are
presented in Table 6-5. The planting of 8 and 25 ft’shelter belt trees cost
$35 and $350 per tree, respectively, The cost of planting vegetative ground
cover was not obtained, but it would be dependent on the climate and soil
type of the steel plant's exposed areas, No annual operating costs fer these
methods were obtained. -
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SECTION 7.0

RESEARCH AND DEVELOPMENT RECOMMENDATIONS

This section identifies the specific research areas within the iron and
steel industry which must be investigated before an adequate control program
can be proposed for fugitive emission sources. Figure 7-1 is a flow diagram
portraying the logic necessary to determine whether a need for research ex-~
ists. Although the ultimate objectives of the research and development pro-
gram would be to provide control technology for the most critical sources,
preliminary research may be required to properly characterize and quantify
the sources being considered. )

The first step in formulating the recommended R & D program is to deter-
mine the most critical control needs. The criticality of an emissions control
need is based on the preliminary ranking of sources according to nationwide
air quality impact. The subsequent steps address the applicability of current
control technology to each source being considered. As each apparent research
need is identified, ongoing research is examined to avoid overlap in the recom-
mended R & D program.

The following sections present information on each of the above elements
used in arriving at R & D recommendations. Critical emission control needs
are defined; ongoing research is examined; deficiencies in currently available
control technology are identified; and cost-effectiveness analysis is performed.
Finally, specific research and development programs are recommended.

7.1 DETERMINATION OF CONTROL NEEDS

7.1.1 Ranking Criteria

The enviromnmental impact of a source on a nationwide scale is dependent
on: (a) the emission factor, (b) the nationwide production rate; and (c) the
percent of fine particulate (particle diameter smaller than 5 ym). Each of
these factors will be discussed and quantified below.

The Emission Factor--

The emission factor is a measure of the strength of the source when active.
It is important to realize that the real time source strength is dependent not
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only on the emission factor, but on source extent. Thus, sources cannot be
compared on the basis of emission factor alone. The best available emission
factors for process sources of fugitive emissions and for open dust sources
were selected and presented in Sections 3.2 and 3.3, respectively.

The Nationwide Production Rate--

The production or throughput rate is a measure of the extent of a process
source. A source with a small nationwide production rate may have a compara-
tively large emission factor while possessing a comparatively small emission
rate and consequently, a small air quality impact. Both the emission factor
and the production rate are important in estimating air quality impact.

The nationwide production of steel and hot metal and the utilization of
raw materials is published on a yearly basis by the Americal Iron and Steel
Institute (AISI). These data, along with the best suspended and fine particu-
late emission factors from Tables 3-4, 3-7, and 3-8 were used to calculate
the particulate emission rates for each source as shown in Table -7-1.

The Percent of Fine Particulate =~

In this analysis, sources were ranked by‘the emissions of particles smaller
than 5 um in Stokes diameter. This was done for two reasons: (a) only the
particles smaller then 5 pm in diameter have any significant potential for
transport over distances of regional scale and (b) most adverse health and
welfare effects of particulate air pollution are attributable to particles
smaller than 5 um in Stokes diameter,

The percent of particulate smaller than 5 um in size was determined from
the literature and from Previous open source tests which MRT has performed to
quantify emissions. The values were presented in Sections 3.2 and 3.3. Be-
cause of the dearth of particle size information for the sources in question,
the '"best" value was sometimes the only value. Sometimes it was necessary to
estimate the percent of fine particulate,

For example, because iron and steel plants are for the most part located in or
very near large population centers, the localized impact of a particular fac-

ility on an area of high population density may increase the need for control

of otherwise low Priority sources at that facility.

Figure 7-2 shows representative population density as a function of fur-
nace type. Populatipn density around a steel plant was taken to be the density
of the county in which the steel plant was located. As indicated in the figure,

the mean population density around BOF shops is greater than around EAF or OHF
shops.
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TABLE 7-1. NATIONWIDE EMISSION RATES FOR
FUGITIVE EMISSION SOURCES

Uncontrolled Uncontrolled
1976 suspended fine
Production particulate particulate
Source . rate x 107 emission vate emission rate
A. Procesa soyrces )
1, Sintering
Strand discharge 33 e/yx 2,300 t/yr 570 t/yr
(36 T/yr) (2,500 T/yT) (630 T/yr)
Cooler 33 t/yr ' 9,800 t/yr 2,500 t/yr
(36 T/yr) (11,000 T/yr) (2,700 T/y1)
Cold screen 33 clyr 2,300 t/yr 570 t/yr
(36 T/y1) (2,500 T/yr) (630 T/yr)
2, Hot metal transfer 75 t/yr 1,500 t/yr 750 t/yr
(83 T/yz) (1,700 T/yx) (830 T/yr)
3. EAF
All fugitive scurces 5.4 t/yr 3,500 t/yr 2,700 t/yr
(alloy steel (5.9 T/yr) (3,800 T/yr) (3,000 T/yr)
furnace) :
ALl fugitive sources 15 t/yr 25,000 t/yr 20,000 t/yr
(carbon steel €17 T/yr) (28,000 T/yr) (22,000 T/yr)
furnace) :
4. BF
All fugitive sources 73 t/yx 14,000 t/yr 9,100 t/yT
(LD process) (80 T/yr) (15,000 T/yr) (10,000 T/yr)
5. OHF 21 t/yr 1,700 t/yx 1,200 t/yr
(23 T/yr) (1,800 T/yr) (1,300 T/yz)
6. Scarfing
Machine 12 t/yr. 10 e/yr 27 tlyr
(13 T/yT) (33 T/yr) (29 T/yr)
Hand 12 efyr 650 t/yr 580 t/yr
(13 T/yr) (710 T/yr) (640 T/yr)
B. Open dust sources
1. Unloading raw materials
Iron ore
L 15 t/yr 7.0 tlyr 2.1 tfyr
(17 1/yr) (7.7 T/yr) (2.3 T/yr)
Pellet 79 t/yr 390 t/yr 120 t/yr
(87 1/yr) (430 T/vyr) (130 T/yr)
Coal 12 tfyr 1,600 t/yr 570 tlyr
(79 1/yr) (1,800 T/yr) (630 T/yr)
Limescone/ 20 tlyr 460 t/yr 160 t/yr
dolemite (22 T/yr) (510 1/yr) (180 T/ytr)
(contirmed)
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TABLE 7-1. (continued)
Uncontrolled Uncontrolled
1976 suspended fine
Production particulate particulate
Source Tate x 10~ emission rate emission race
2. Conveyor transfer stations
Iron ore
Lump 15 t/yr 7.0 t/yr 2.1 t/yr
(17 T/yr) (7.7 T/yr) (2.3 T/yr)
Pellet 79 t/yr 390 t/yr 120 t/yr
(87 T/yr) (430 T/yx) (130 T/yr)
Coal 72 t/yr 1,600 e/yr 570 v/yx
(79 T/yx) (1,800 T/yr) (630 T/yr)
Limestone/ 20 t/yr 460 t/yr 160 t/yr
dolomite (22 T/yr) (510 T/yr) (180 T/yr)
Coke 35 t/yr 1,300 c/yr 440 t/yr
(61 T/yzr) (1,400 T/yr) (490 T/yr)
Sinter 33 t/yr 760 t/yr 260 v/yr
(36 T/yr) (840 T/yr) (290 T/yr)
3. Storage pile activities
Iron ore
Lump 15 t/yr 1,700 t/yr 510 ¢/yr
(17 T/yr) (1,900 T/yr) (560 T/yr)
Pellet 79 t/yr 8,700 t/yr 2,600 e/yr
(87 T/yr) (9,600 T/yr) (2,900 T/yr)
Coal 72 t/yr 5,000 t/yr 1,300 t/yr
(79 T/yr) (5,500 T/yr) (1,700 T/yr)
Limestone/ 20 e/yr 1,200 ¢/yr 360 e/yr
dolomite (22 T/yr) (1,300 T/yr) (400 T/yr)
Coke 55 t/yr 2,300 t/yx 690 t/yr
(61 T/yr) (2,500 T/yr) (760 T/yr)
Siater inpuc 43 tfyr 8,100 t/yr 2,400 t/yr
materials (48 T/yr) (8,900 T/yr) (2,600 T/yr)
Slag 23 t/yr 2,000 t/yxr 610 t/yr
(25 T/yr) (2,200 T/yr) (670 T/yr)
4, Vehicular traffic
Unpaved roads
Light duty craffic 8,400,000 laa/yr 6,100 t/yr 1,800 t/yr

Hediuﬁ duty traffic

Heavy duty traffic

(5,200,000 vMT/yr)

5,600,000 kn/yr
(3,5000,000 VMT/yr)

8,800,000 kn/yr
(5,500,000 VMT/yr)

7=5

(6,800 T/yr)

12,300 t/yr
(14,000 T/yr)

25,000 e/yr
(28,000 T/yr)

(2,000 1/yr)

4,300 t/yr
(4,700 T/yr)

9,700 e/yr
(11,000 T/yr)

(continued)




TABLE 7-1. (continued)
Uncontrolled Uncontrolled
1976 suspended fine ‘
. Production particulate particulate
Source rate x 1078 emission rate emission rate

Paﬁed roads

5, Wind erosion of bare

areas

52,000,000 lan/yr

18.6 km?
4,600 acres

14,000 t/yr

(15,000 T/yr)

2,700 t/yr
(3,000 T/yr)

17,000 t/yr

(17,500 t/yr)

800 t/yr
(900 1/yx)
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7.1.2 Ranking of Control Needs

The sources were ranked based on typically controlled emission rate of
fine particulate or suspended particulate calculated as follows:

Typically Controlled Emission Rate = Uncontrolled Emission Factor X
(1 - typical control fraction) x nationwide production rate.

This can be reduced to the following form:

 Typically Controlled Emission Rate = Uncontrolled Nationwide Particulate
Fmission Rate x (1 - typical control fraction)

The percentage of fine particulate in the emissions was used to converﬁ sus-
pended particulate emission rates to fine particulate emission rates.

The input values for the latter equation are shown in Table 7-2 and the
source rank is presented in Table 7-2 on an individual source basis and source
category basis for suspended and fine particulate emission. From Table 7-2,
the five fugitive emission source categories with the largest nationwide im-

pact are:
Suspended Particulate Emiséions : Fine Particu;ate Emissions
(i) Vehicular traffic (1) EAF furnaces
(2) EAF furnaces | ' _ (2) Vehicular traffic
(3) Storage pile activities (3) BOF furnaces
(4) Sintering (4) Storage pile activities
(5) BOF furnaces ' (5) Sintering

7.2 ONGOING RESEARCH

7.2.1 Process Sources

There are presently several research projects in progress that are con-
cerned with fugitive emissions from process sources in the irom and steel
industry. Table 7-3 is a summary table listing these ongoing or recently
completed projects. As stated in the introduction to this report, coke oven
and blast furnace cast-house fugitive emissions were not gtudied in this in-
vestigation because those sources are the focus of other EPA-gponsored stud-
ies listed in Table 7-3. -




TABLE 7-2,

BASED ON 1976 PRODUCTION RATES

FUGITIVE EMISSION SOURCE RANK ON A NATIONWIDE SCALE

Estimated Controlled Controlled Individual lCategoty-wide
typical suspended fine source source
control particulate particulate rank rank

Source fraction emission rate emission rate Suspended Fine Suspended Fine
A, Process sources
l. Sintering 4 5
Strand discharge 0.0 2,300 c/yr 630 t/yr 12 14
(2,500 T/yr) (700 T/yr)
Cooler 0.0 9,800 t/yr 2,700 t/yr [ 5
(11,000 T/yr) (3,000 T/yr)
Cold screen 0.0 2,300 ¢/yr 630 t/yr 13 15
(2,500 T/yr) (700 T/yz)
2. Hot metal transfer 0.0 1,500 t/yr 750 t/yr 16 13 9 8
(1,700 T/yxr) (830 T/yr)
3. EAF 2 1
All fugitive sources 0,0 3,500 e/yr ° 2,700 t/yr 9 )
(alloy steel furnaces) (3,800 T/yr) (3,000 T/yr)
All fugitive soyrces 0.0 25,000 t/yr 20,000 t/yr 1 1
(carbon steel (28,000 T/yr) (22,000 T/yr)
furnaces)
4. EOF 5 3
All fuglrive sources 0.0 14,000 t/yr 9,100 t/yr 2 2
(LD procesa) (15,000 T/yr) (10,000 T/yr)
5. OHF 7 6
All fugitive sources 0.0 1,700 t/yr 1,200 t/yr 14 10
(1,800 T/yr) (1,300 T/yr)
6, Scarfing 11 9
Machine 0.0 30 t/yr 27 t/yr 30 30
(33 T/yx) (29 T/yrx)
Hand 0.0 650 e/yr 580 t/yr 24 16
. (710 T/yr) (640 T/yr)
B. Open dust sources
l. Unloading raw waterials 10 1
Iron ore
Lump 0.5 3.5 tlyr 1.0 t/yr 3l n
(3.9 T/yr) (l.1 T/yr)
Pellet 0.5 190 t/yx 59 t/yr 29 29
(210 T/yr) (65 T/yr)
(continued)
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TABLE 7-2. (continued)

Estimated Controlled Controlled Individual Category-wide
typical suspended fine source source’
control particulate particulate rank rank

Source fraction emission rate emission rate Suspended Fine  Suspended Fine
Coal 0.5 820 t/yx 290 t/yr 20 21
: (900 T/yz) (310 t/yr)
Limesrone/ 0.5 230 tlyr 82 t/yr 26 26 -
dolomite (250 T/yr) (90 T/yr)
2. Conveyor transfer
stations
Iron ore 6 7
fump 0.5 3.5 tlyr 1.0 t/yr 32 32
(3.9 T/y7) Cl.l T/yr)
Pellet 0.5 190 t/yr 59 t/yr 28 28
(210 T/yx) (65 T/yr)
Coal 0.5 820 t/yr 290 t/yrx 21 22
(900 T/yr) (310 T/yr)
Limestone/ 0.5 230 tlyx 82 tlyr 27 27
dolomite (250 1/yr) (90 T/yz)
Coke 0.5 650 t/yr 220 e/yr 23 24
(700 T/yr) (240 T/yr)
Sinter 0.5 380 t/yr 260 t/yr 25 25
’ (420 T/yv) (290 T/yr)
3. Storage plle 3 &
activities
Iron ore
Lump 0.4 1,000 c/yr 300 t/yr 19 20
(1,100 T/yr) (340 T/yr)
Pellet 0.4 5,200 t/yr 1,600 t/yr 7 8
(5,800 1/yr) (1,700 T/yr)
Coal 04 3,000 ¢/yr 900 t/yr 11 12
: (3,300 T/yr) (1,000 T/yr)
Limes tone/ N.4 720 tl/yr 220 t/yr 22 23
dolomite (780 T/yr) (240 T/yr)
Coke 0.4 1,400 c/yr 410 tfyr 17 18
(1,500 T/yz) (460 T/yr)
Sinter input 1783 4,900 t/yr 1,400 e/yr 8 9
materials (5,300 T/yt) (1,600 T/yr)
Slag 0.4 1,200 t/yr 370 vlyr 18 19
(1,300 T/yr) (400 T/yT)
(continmued)
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TABLE 7-2,

(cont inued)

Estimated Controlled Controlled Individual Catogory-wide
typical suspended fine source source
control particulate particulate rank rank

Source fraction emisgion rate emlssion rate Suspended Fine Suspended Fine
4. Vehicular craffic 1 2
Unpaved roads
Light duty traffic 0.5 3,100 t/yr 900 e/yr 10 11
(3,400 T/ye) (1,000 T/yr)
Medium duty traffic 0.5 6,200 c/yx 2,200 t/yr 6 7
(7,000 T/yz) (2,400 T/yr)
Heavy duty traffic 0.5 13,000 c/yr 4,900 t/yr 3 3
(14,000 T/yr) (5,500 T/yr)
Paved roads 0.5 7,000 t/yr 3,500 t/yr 5 4
(7,500 T/yr) (3,800 T/yr)
5. Wind erosion of exposed 0.4 1,600 t/yr 480 t/yr 15 17 8 10
areas (1,800 T/yz) (540 T/yr)
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TABLE 7-3.

SIMMARY OF ONGOING OR RECENTLY COMPLETED
CONCERNING PROCESS SQURCES OF FUGITIVE

RESEARCH PROJECTS
EMIS SIONS

Source

Project title

EPA contractor

Coke
manufacture

Iron
manufacture

Sinter

manufacture

BOF

General

Development and demonstration
of concepts for improving

coke oven door seals

Guidelines for application
- of coke oven pollution
control systems

Enclosed coke pushing and
quenching system demon-

stration, Phase II

Sambling of coke oven door
leakage

Air pollution impact of
coke quenching

Smokeless coke oven
charging demonstration

Blast furnace cast house
emission control

Sinter plant wind box gas

recycle system demonstra-

tion, Phase II

Development of technology
for control of BOP
charging emissions

Environmental assessment of
ferroug metallurgical pro-

cegges and envirommental
control techniques

Study of discharge causing

Battelle-Columbus

Mitre Corporation

National Steel

Battelle=Columbus
York Research
Corporation

Jones & L#ughlin
Steel

Betz

National Steel

National Steel

Regearch Triangle
Institute

Regsearch Triangle

abnormal operating condi- Institute
tions in the iron and steel
industry
(cont inued)
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TABLE 7-3.(continued)

Source _ Project title EPA contractor
5. General + Control program guidelines PEDCo
(continued) for industrial process
~ fugitive particulate
emigsions
* Development of procedures TRC

for the measurement of
fugitive emissions
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Table 7-3 shows that extensive research dollars and effort are presently
being invested in studying the nature and control of coke oven emissions.
Oven door leaks, pushing, quenching and charging emissions are being thoroughly
studied.

In actuality, nome of the other process sources of fugitive emissions are
being studied with the concerted effort that is being applied to coke manufac-
ture. There is one major research project each for iron manufacture, sinter
manufacture, and BOF steel manufacture, with no studies specifically concern-—
ing EAF and OHF fugitive emissions and control.

Finally, there is a series of genmeral studies with broad scopes. These
studies will help to identify other specific areas of research that require

attention.

7.2.2 Open Dust Sources

The main method utilized to identify current research programs dealing
with open dust sources was a computerized search of the Smithsonian Scientific
Information Exchange. .Key words utilized in this search were: (a) air pollu-
tion and dust particulates; (b) air pollution dust or particulates--industrial
sources; and (c) air pollution--dust air pollution contrel. Also, contact was
made with EPA and AISI officials to obtain information concerning ongoing re-
search programs.

Table 7-4 lists the research programs that were identified. Contact was
made with the various project officers and/or principal investigators and
information concerning the particular scope of work and current results was
requested, It should be noted that a majority of these current research proj-
ects are not related directly to the iron and steel industry. The results of
the various projects, however, can be applied to a certain extent to open dust
* sources in the iron and steel industry.

Materials Handling and Storage Pile Activities--

The University of Minnesota is performing a program to assess the control
efficiencies of various soil stabilizing compounds used to control the wind
erosion of taconite tailings. The project is funded by the Bureau of Mines,
Mining Research Center. Dr. D. H., Yardley is the principal investigator. He
is performing wind tunnel tests using various soil stabilizing compounds applied
to both coarse and fine tailings materials. The program was scheduled for
completion during the fall of 1977.

The Minnesota Regional Copper-Nickel Study is assessing the environmental
effects of future mining in the state. Dr. Darrel Thingvolv is the principal
investigator. Fugitive dust emissions from various storage pile and transfer
operations will be studied. Minimal field work is planned for the actual test-
ing of fugitive dust emissions. Limited particulate alr sampling was scheduled
for completion by the fall of 1977, 7.14 '
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The Illinois Institute of Technology Research Institute has analyzed the
fugitive dust problems associated with asbestos waste tailings. Various tail-
ings pile surface stabilizing chemicals were tested to determine control ef-
ficiencies for both active and inactive storage piles. Ms. Mary Stinson was
the EPA project officer for the majority of the research effort.

' Vehicular Traffic--

The California State Transportation Laboratory is performing a Federal
Highway Administration program entitled "Measurement and Control of Air Pollu-
tion Produced by Highway Construction Operations and Related Industries."

Mr. C. R. Sinquist is the principal investigator. Areas of this program which
are potentially applicable to the iron and steel industry include: (a) testing
to determine the air quality impact of heavy-duty vehicles traveling on unpaved
and paved roadways, and (b) the transfer and movement of aggregate materials

by trucks and front-end loaders., The approach taken in the testing effort is
basic upwind/downwind sampling with high-volume filtration samplers. Particle
sizing and particle drift distances are also being studied, The project was
scheduled for completion by September 1977. :

The University of Idaho is conducting a project to assess the fugitive
dust emissions generated from heavy-duty vehicles used in western coal strip
mines. The project is funded by the U.S. Department of Agriculture, Forest
Service, as a part of the Agency's Surface Environment and Mining (SEAM)
Studies assessing the impact of mining related air and water emissions.

Dr. George Belt is the principal investigator. “Pr. Belt is proposing to test
the emissions genmerated from heavy-duty vehicles by attaching a trailer behind
a large truck. A vertical and horizontal array of high-volume filtration sam-
plers will be placed upon the trailer. The testing project is to cover: (a)
fugitive dust emissions generated by vehicles 'upon dry unpaved roadways and
(b) control efficiency of road watering. Actual testing was to be carried out

in the fall of 1977.

Wind Eroesion of Open Areag--

Wind erosion emissions studies of both exposed areas and mining-related
tailings piles will be performed in the future by Dr. Gillette of the National
Center of Atmospheric Research. This is another SEAM project funded by the
USDA Forest Service. Wind erosion of topsoil and spoils piles will be tested
by utilizing a portable wind tunnel. Testing will be performed at various

western coal strip mine sites.

Summary=--
It is evident from the previously mentioned research projects that few

research programs specific to open dust sources in the iron and steel industry

are being conducted., While many industry-funded projects may be under way,

they are usually not publicized.
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7.3 ADDITIONAL RESEARCH NEEDS

7.3.1 Process Sources

At the inception of this project, the work statement implied that control
of process fugitive emissions would require development of'substantially new
control technology. The question thought to be important at that time was:
given the highest ranked process sources of Section 7.1, and given the current
research efforts, what are the most important univestigated sources requiring
research to develop adequate control technology? 1In the course of this study,

‘however, it became clear there already exists control technology for the major
process fugitive emission sources. Consequently, the important question is:
what is the efficiency and cost of available fugitive emission controls when
applied to the sources being considered? The question of cost and efficiency
of a control device as a function of the influencing variables are portrayed
as steps 6 and 7 in Figure 7-1.

The variables affecting the efficiency of a process fugitive emissions
control option are:

* TFace area of capture device

* Face veloeity through capture device

S8ize of source (e.g., tons of furnace capacity or ladle capacity)
* Degree of obstruction between capture device and furnace

* Strength of crosscurrents

* Distance between furnace and capture device

*  Thermal buoyance of plume

The variables affecting a given control device retrofit cost and, to a lesser
extent, a new design cost, are:

* Flow rate through control device

Amount of building support necessary to sustain extra load
Amount of ductwork necessary to reach removal device

The process sources ranked highest on the basis of control need are:

. EAF (charging, tapping, slagging and electrode port leakage).
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. Sintering (strand discharge, cooler discharge, screening, and
transfer stations).

. BOF (charging, tapping, slagging, puffing and lance port leakage).

. Hot metal transfer stations (torpedo car to ladle, torpedo car to
mixer, and mixer to ladle). '

Table 7-5 shows the control options available for these process sources. It
jg these controls for which additional research into cost-effectiveness is

recommended. For each source the control options have been subjectively ranked

according to the potential for favorable cost-effective control.

7.3.2 OQOpen Dust Sources

Various control methods for open dust sources are currently being applied
to a limited extent within the iron and steel industry; however, data needed
to assess the effectiveness these control methods have not been adequately com-
piled. Although a number of these currently implemented control methods appear
to be viable, these methods cannot be adequately assessed until accurate con-
trol efficiencies, operating parameters and operating costs have been carefully
analyzed. Deficiencies of the control technologies currently available for
open dust sources are discussed in the following subsections.

Materials Handling-~

Methods utilized to reduce the dust emissions from unloading of materials
from barges and railcars and from conveyor networks include (a) total or partial
enclosures and (b) spray systems. To adequately assess the control options
presented in Section 6.1, actual operating control system efficiencies and
specific initial and annual opefating costs are needed.

Storage Pile Activities--

Various control methods, presented in Sectiom 6.2 to 6.5, are avajilable
to reduce fugitive dusts associated with the open storage of raw, intermediate,
and waste materials. Control technology deficiencies are presented below for
the storage pile activity functions of load-in, vehicular traffic, wind erosion,
and load-out.

Load-in--Control options which mitigate dust emissions from material
load-in include (a) reduce drop distance, (b) enclosures, and (c) spray sys-
tems. Adequate control efficiencies and initial and operating costs are
needed before specific recommendations can be made pertaining to these meth-
ods.

Vehicular traffic around storage piles-=Applicable control methods for
reducing fugitive dust emissions generated by front-end loaders and trucks
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TABLE 7=-5.

FUGITIVE EMISSIONS CONTROL OPTIONS RECOMMENDED
FOR ADDITIONAL RESEARCH

Source Control option
EAF Total enclosure
* Canopy hoods
* Tapping ladle hoods
Building evacuation
BOF Total enclosure .
* Gaw damper, furnace tilt minimization
and baffles
* Canopy and local hoods
* Building evacuation
Sintering *+ Local hoods

Hot metal transfer

Close fitting ladle hood
Canopy hood
Partial building evacuation
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within the storage pile areas are essentially the same as for unpaved roadway
traffic, These control methods include (a) area watering or oiling, (b) area
addition of surface stabilizing compounds, and (¢) proper '"housekeeping' pro-
cedures, The deficiencies of these control methods are discussed below in the
section on vehicular traffie on plant roadways.

Wind erosion from storage piles--Control methods for wind erosion from
open storage piles, as presented in Section 6.4, include (a) stabilizing the
pile surface layer and (b) enclosures. The control efficiencies for these va~
rious methods must be determined as a function of (a) surface application rate,
(b) reapplication needs, (¢) climate, and (d) the configuration of windbreaks,
Operating cost data are needed for a complete assessment of the various con-
trol methods. '

Load-out --Methods of fugitive dust control for the load-out process are:
(a) reduction of material disturbance and (b) spray systems. Specific meth-
ods presented in Section 6.5 lack édequate control efficienéy data. Efficiency
data are needed for further assessment of these control systems, along with (a)
equipment specificatlons, (b) additional required materials (conveyors, chemi-
cal dust suppressants), and (c) operating costs.

Vehicular traffic on plant roadways--Mitigative measures which reduce un-
paved roadway fugitive emissions include (a) dust suppressants and (b) improve-
ment of the road surface (Section 6.6). Visual observations indicate that wa-
tering, oiling, and the addition of chemical suppressants greatly reduce
vehicular fugitive dust emissions. However, adequate quantification of the
efficiencies of these control methods is needed to assess the relative effec-
tiveness of these mitigative measures as a function of the cost of control.
Field tests are needed to determine control efficlency as a function of: (a)
application rate and frequency, (b) vehicle usage, (¢) road surface material,
and (d) c¢limatie factors.

Fugitive dust emanating from paved road surfaces is a relatively minor
emission source. However, as the paved roadway collects surface particulates,
the potential for large quantities of vehicle-generated dust increases. Road
surface cleaning devices are effective in removing visible surface particu-
lates. However, the control efficiencies and costs associated with the vari-
ous roadway cleaning devices are not adequately developed to permit assess-
ment of the relative merits of broom sweeping, road vacuuming or water
flushing techniques (Section 6.7).

Wind erosion from exposed areas--Mitigative techniques that are available
to reduce the impact of emissions generated by wind erosion of exposed areas
as presented in Section 6.8 include surface stabilization and utilization of
windbreaks to reduce the eroding force of the wind. To adequately assess the
effectiveness of the various control systems, control efficiency data are
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needed as a function of application rates for the surface stabilizers and
windbreak configuration.

7.4 COST-EFFECTIVENESS ANALYSIS

In defining the optimal program for research and development of control
technology directed to the critical control needs, analysis of control cost-
effectiveness is essential. This section presents example derivations of cost-
effectiveness functions (expressed as dollars per pound of reduced fine particle
emissions) for a process source (canopy hood system for an electric arc furnace)
and an open dust source (several control measures applied to an unpaved road).
Cost evaluated ineclude (a) annualized costs of equipment purchase and installa-
tion and (b) annual operating costs.

7.4.1 Canopy Hood System for Electric Arc Furnaces

This section presents a derivation of the cost per pound of controlling
emission from an electric arc furnace shop producing 510,000 T/yr of raw car-
bon steel. Actual December 1976 installed costs, as presented in Table 5-5,
are used to estimate costs, after being adjusted to reflect the difference in
the size of the two shops. Maintenance and operation costs were not available.

The caleculation of the yearly cost per pound of fine particulate captured
requires the following assumptions and calculations:

* Type of operation: EAF shop.,

*+ 8Size of furnaces: two 290-ton.

* Type of steel made: plain carbon.

* Mode of operation: one operating, one down.

' Heat time: 5 hr tap to tap.

* Shop operation periqd: 52 weeks/year, 7 days/week, 24 hr/day.

* Annual shop production: 510,000 T/year.

. Fugitive emission control system: canopy hoods over charge and
tap sides vented to baghouse.

. Primary control device: DSE.

. Total installed cost for fugitive system: $6,690,000,
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. Equipment life estimate: 10 years.

. Apnual investment rate: 10%/year.

. Interest and tax rate: 10%/year.

. Annualized cost of fugitive emission control system: 207 of to-
tal installed cost = 51,338,000,

. Uncontrolled, fine particulate emission factor: _2.6 1b/T.
. Capture device efficiency: 70%.

. Pounds of fine particulate captured annually: 928,000 lb/year.

Based on the above assumptions and calculations, the annualized cost per pound
of fine particulate captured is $1.44/1b/year. It must be pointed out, however,
that were the cost of DSE system and the fine particulate it removes included
with the canopy hood system, the cost effectiveness would be much improved.

7.4.2 Unpaved Road Vehicular Traffic

The rationale used to determine cost effectiveness of various fugitive
dust control methods for plant vehicles traveling upon unpaved roadways is
presented in this section. The basis for this example cost effectiveness
analysis follows:

1. Source extent data (6.3 miles of unpaved road and plant vehlcle
mix) are the averages from four open dust surveys (Section 4,0)

2. Based on the above information, the annual emissions of fine
particulate from unpaved roads are calculated to be 706,000 1b/year.

3. The unpaved roadway dust control methods, efficiencies and costs
are those found in Section 6.6 of this report.

4. The investment or imitial costs for the control methods are
annualized over a l0-year period. The annualized investment costs were cal-
culated by multiplying the initial costs found in Section 6.6 of this report
by a factor of 0.2 to account for a 10-year lifetime, interest and taxes.

Table 7~6 presents the results of the control cost-effectiveness analysis

for unpaved roads. An example calculation of control cost effectiveness for
watering of unpaved roads follows.
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1. The uncontrolled fine particulate emission rate is 706,000 lb/
year.

2, The estimated control efficiency for watering 1s 50%.

3. The reduction of fine particulate emissions per year by road
watering is 706,000 lb/year x 50% = 353,000 1b.

4, The initial investment cost for a watering truck is $10,000,
Multiplying this value by 0.2 to account for a l0-year interest and taxes
gives $2,000 per year annualized investment.

5. The annual operating cost is $20,000.

6. Annualized investment and annual operating cost effectiveness
are obtained by dividing the annualized investment and annual operating costs
by the annual fine particulate emissions reductions realized by unpaved road-
way watering.

Annualized investment Annual operating
cost effectiveness cost effectiveness
$2,000 8 . $20,000 '
—=2 = $50,006/1b duct ——=2— __ = 50.0 b d i
353,000 1b /1b reduction  F PN 15 - T0-06/1b reduction

7.4.3 Comparison of Cost Effectiveness

Table 7-7 presents a comparison of cost-effectiveness for the example
process source (an EAF canopy hood control system) and three major open dust
sources. Example cost effectiveness calculations presented in Sections 7.4.1
and 7.4,2 were provided to aid in the understanding of this analysis.

Two rankings relating the annualized investment costs and annual operating
costs of various control methods are given in Table 7-6. It is evident from
this analysis, that the majority of the open dust source control methods have
a more favorable cost-effectiveness than the example process source control
method.

7.5 SUGGESTED RESEARCH PROGRAMS

7.5.1 Process Sources

Based on this investigation, several specific research needs have become
evident. The research needs are:
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TABLE 7~7, COST EFFECTIVENESS OF FUGITIVE EMISSIONS CONTROL METHODS

=
Estimated Annualjized Annual
control investment Ranking operating Ranking
efficiency cost order casc / order
Source Centrol mechod (%) ($/1b)§‘/ [] (871 & []
Process
EAF Canopy hoods 70 1.44 [8] NA -
Open dust
Storaga pile Utilize mobile 80 8.68 9] NA . -
activities atacker/reclaimar '
combination rather
Load=in/ than fromnt-end
load=oue loader activicy
for pellet piles
Wind erosion Watering ‘ 80 0.02 Y| NA -
from storage Chemical atabilizers 97 0.02 [e] 0,008 1]
pilea
(lump irom ore) (Cohersex 207 solution)
Vehicular traffic
Unpaved roadways Watering 50 0, 006 2] 0.06 [52
Road oil 75 0. 006 [2] 0.4 [7]
011 and double chip 80 0.02 4] 0.03 [3}
Chemical stabilizers 90 0. 02 (4] 0.08 [61
(Coherex)
Paving 90 0.08 5] 0.08 fe3
Paved roadways Broom sweeping 70 0,005 "l 2,05 fe]
Vacuum sweeping 75 0.0l [3] 0,06 [s]
Road flushing 80 0. 006 (2] 0.05 [&3
Wind erosion Watering b/ 50 0.21 7 0.01 {23
from exposed Chemical stabilizers— 70 0.16 ICH] 0,05 [e]
areas 0iling 80 0,02 fa)] NA .
Paving with cleaning 95 0.01 (2] Na -

NA = Net availabla.
a/ Dellar per pound reduction of fine parciculace per year.

b/ No spacific chemical scabilizar glven; 70% control efficlency (s assumed to be the average of all
available chemical acabilizers for chis concrel purposs.
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1. Acquisition of detailed reports of methodology from those who have
measured emission Ffactors and failed to adequately report the measurement
techniques. From Table 3-2, the measured sources lacking adequate published
measurement technique descriptions are sinter cooler, BOF charging, BOF tap-
ping, BOF total emissions, OHF total emission, EAF total emissions, and hot
metal transfer emissions.

2. Development and promulgation‘of reference techniques for measurement
of fugitive emissions from major sources.

3, Quantification of emission factors for important sources which have
never been experimentally quantified. These sources can be identified from
Table 3-1 as those with estimated but not measured values, such as sinter
strand discharge, sinter cold screening, and machine and hand scarfing. Also
sources with no measured or estimated values (e.g., teeming) might be quanti-
fied.

4, Cost-effectiveness analysis of control methods as a function of the
independent variables listed in Section 7.3.,1. The controls recommended for
" study are listed in Table 7-5. ‘ '

An example of a proposed research program under research area (4) is pre-
sented below for the two most important process sources, BOFs and EAFs. Figure
7-3 is a task diagram for this example program.

The objective of the project would be to select and define the typical
and best controls for all fugitive emissions from BOF and EAF furnaces. The
best control does not necessarily have to be demonstrated, but if it is not
demonstrated, economic feasibility must be well substantiated. The typical
and best controls for each furnace must be defined in detail.

The initial task would consist of a survey of the current literature to
ascertain what controls have been applied. EAF and BOF processes and their
variations would be thoroughly analyzed as part of this task.

The second task would consist of a phone survey of at least 50% of the
BOF and EAF shops in the United States. Preference would be given to the
highest capacity shops. The capture devices utilized by each shop for charg-
ing, tapping, and slagging emissions would be tabulated. All those shops with
no controls would also be listed. For those shops with control, general data
such as capture efficiency estimates, removal device and efficiency, actual
flow rates and temperature, capital and total installed costs, and system
auxiliary equipment identification would be acquired. Visits to selected
plants would be performed to provide proper perspective and understanding of
the systems. Selection of plants for visits would be based on a preliminary
estimate of typical and best controls.
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Literature Survey’

Task 2

Phone Survey and Plant Visits

Task 3

Select and Define Typical
and Best Controls

Task 4

Determine Capture Efficiencies

Tosk 5

Develop a Detailed Presentation
of the Systems

Figure 7-3. BOF and EAF research program structure.
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Based on the literature search, personal and telephone contacts, and
plant visits, the typical and best control techniques for each furnace type
would be selected, in the third task. Specific shops would be identified
which most nearly represent the typical and best control processes.

Capture efficiencies noted from the specific and best controlled shops
identified in the third task would be determined in the fourth task, If
possible, empirical and theoretical expressions would be utilized to calculate
the capture efficienceis under all expected conditions. Field sampling to
acquire necessary input data would be performed.

In the final task, elevation, plan and detail drawings for the typical
and best control techniques would be developed for each furnace type. A
detailed engineering analysis of each system would also be presented.

7.5.2 Open Dust Sources

Suggested research programs for open dust sources should strive to establish
control efficiencies and costs of available control methods as a function of
specific operating parameters. The criteria utilized for selecting specific
open dust sources for suggested research programs are based on: (a) ranking
of the critical control needs (Section 7.1); (b) deficiencies of current open
dust emission control methods, specified in Sections 6.0 and 7.3.2; and (c)
the extent of current research on open dust sources.

Basis for Source Selection--

- Section 7.1 utilized a nationwide ranking scheme to determine the most
critical areas or processes requiring the development and demonstration of
effective control techniques. From this ranking (Table 7-2) the 10 major
fugitive emission categories of fine particulate on a nationwide scale were
indicated as being:

. Electric arc furnaces

. Vehicular traffic*

. Basic oxygen furnaces

. Storage pile activites*
. Sintering

. Open hearth furnaces

. Conveyor transfer stations*

* Open dust sources,
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. Hot metal transfer
. Scarfing
. Wind erosion of exposed areas*

As indicated four open dust source categories (vehicular traffic, storage
pile ‘activities, materials handling, and wind erosion of exposed areas) rank
among the top 10 sources in importance.

As indicated in Section 7.3.2 inadequate data exist for the proper assess-
ment of available control methods for vehicular traffic, storage pile activities,
and material handling. Once current control methods are properly assessed,
their applicability to the iron and steel industry can be more throughly stated.

Current research of open dust sources in the iron and steel industry is
practically nonexistent. There are research programs being performed in the
surface mining industry which may prove beneficial to the iron and steel in-
dustry. Current research on vehicular traffic includes emission factor develop~
ment for heavy duty vehicles on unpaved mine roadways and the testing of unpaved
roadway watering programs. Research projects dealing with storage pile activity
source area consist mainly of the testing of stabilizing compounds for tailings.

While these research programs are indirectly related to the irom and steel
industry, the applicability of results may be limited. Vehicles and roadways
in the surface mining industry are quite different from those found in the iron
and steel industry. Storage and tailings piles in the mining industry are rela-
tively inactive, while storage piles in the iron and steel industry have nearly
continuous turnover rates. Thus, solutions to fugitive dust problems in the
surface mining industry may not be applicable to similar problems in the iron
and steel industry. What is needed is a concentrated effort to analyze the
fugitive dust problems and potential control techniques for vehicular traffic,
storage pile activities, and materials handling associated with integrated
iron and steel plants.

Research and Development Programs-~

The following research and development programs are recommended to evalu-
ate the effectiveness of control techniques applicable to major open dust
sources which exist within integrated iron and steel plants. These programs
-focus on field testing various control methods to determine: (a) control ef-
ficlencies, and (b) operating parameters and cost effectiveness.

* QOpen dust sources.
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Vehicular Traffiec on Unpaved Roadways=--

An R&D program is recommended to assess the effectiveness of various con-
trol methods to mitigate dust emissions from vehicles traveling on unpaved
roads. Initial evaluations would focus on two control techniques--watering
and chemical dust suppressants.

' Industry-wide source characteristics would be analyzed to determine
representative conditions of roadway surface (silt, moisture and density) and
traffic (vehicle count by weight and speed ranges), so that representative
test roadway parameters may be defined.

" Uncontrolled emission factors for vehicular traffic on two different sur-
faces (slag and dirt) would be measured utilizing the MRI Exposure Profiling
technique. Tests would also be performed on adjoining sections of the test
roadway to which water or chemical dust suppressants (Coherex and another to
be determined) have been applied. Control efficienecy would be determined as
a function of application intensity (gal./yardz) and time since last applica-
tion. In addition, TSP and particle size concentrations would be measured
downwind of each test roadway segment to determine air quality impact reduction
due to controls., Finally, control cost-effectiveness functions would be de-—
termined based on measured control efficiency and costs for various levels of
control, ' '

Storage Pile Activities--

An R&D program is recommended to assess the effectiveness of mitigative
measures in reducing dust emissions from material load-in, vehicular traffic
around storage piles, wind erosion of storage piles and load-out. This pro~
gram would study fugitive emissions associated with storage piles as a sys-
tem and with separate activities.

First, the air quality impact of combined storage pile activities as a
system would be determined. Upwind and downwind TSP and particle size measure-—
ments would be performed on an active storage area to note the air quality ef-
fect of various activity levels and meteorological conditions.

Second, source specific testing would be performed on uncontrolled and con-
trolled sources within the storage pile area to note emission factors and con-
trol efficiencies. The costs associated with the tested control measures would
be obtained for use in cost-effectiveness functions. An example source specific
testing program to determine cost effectiveness for wind erosion of storage piles
follows.

Wind Erosion of Storage Piles--

An R&D program recommended to assess the effectiveness of mitigative mea-—
sures in reducing fugitive dust emissions resulting from wind erosion of stor-
age piles would focus on two control techniques--watering and chemical dust
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suppressants. Industry-wide source characteristics would be analyzed to deter-
mine representative storage pile parameters such as physical material silt,
moigture, density, and pile configuration.

Uncontrolled emission factors for storage pile wind erosion would be meas-
ured for a range of wind speeds, utilizing the MRI Exposure Profiling technique.
Control efficiency testing would be performed to assess the merits of watering
and chemical dust suppressants.

In addition, TSP and particle size concentrations would be measured down~
wind of each test pile to determine air quality impact reduction due to controls.
Finélly, control cost-effectiveness functions would be derived from measured
control efficiencies and costs for various levels of control.

Materials Handling--

An R&D program is recommended to: (a) assess the effects of changes in
operating parameters on emission levels from materials handling operations;
and (b) determine the cost effectiveness of control measures in reducing
emissions.

Areas of study would include: (a) identifying industry-wide source char-
acteristics; (b) assessing activity factors of each operation; (c) establish-
ing uncontrolled emission rates; (d) assessing materials handling comntrol tech-
niques and costs; and (e) establishing the downwind TSP and particle size con-
centration reductions from the implementation of controls.

Industry-wide source characteristics would be analyzed to identify: (a)
representative types and operating parameters of equipment utilized for mate-
rials handling; and (b) representative physical characteristics of the materials
transferred: silt content, moisture content, and density.

Relative activity levels would be related to a standard such as, drop
height, mass of material handled, or conveyor speed, Uncontrolled emission
factors would be measured for the following materials handling operations:
railcar unloading, barge unloading, conveyor transfer stations, and conveyor

screening statioms. MRI's Exposure Profiling technique would constitute the
primary emissions test method.

Materials handling control techniques would be surveyed to determine
potentially effectiye dust suppression systems and/or altered operating pro-
cedures. Controlled operations would be field tested to determine control
efficiencies and downwind air quality impact. Finally, control effective-
ness functions would be determined based on measured control efficiency and
cost for various levels of control.
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SECTION 9.0
GLOSSARY
Activity Factor - Measure of the intensity of aggregate material disturbance
by mechanical forces in relation to reference activity level defined as unitye.

Cloddiness - The mass percentage of an aggregate sample smaller than 0.84 mm
in diameter as determined by dry sieving.

Cost, Annualized . The equipment cost divided by the number of years represent-
ing the life of the equipment.

Cost, Installed - The total cost of the projéct including design, equipment
purchase, labor and materials for site preparation, conmstruction, equipment

installation, and start-up.

Cost, Operating - The cost for labor and utilities necessary to operate the
equipnment.

Cost-Effectiveness - The cost of control per pound of reduced fine particle
emissions.

Dry Day - Day without measurable (0.0l in. or more) precipitation.

Dry Sieving - The sieving of oven-dried aggregate by passing it through a
series of screens of descending opening size.

Duration of Storage - The average time that a unit of aggregate material
remains in open storage, or the average pile turnover time. .

Dust Suppressant - Water or chemical solution which, when applied to an
aggregate material, binds suspendable particulate to larger particles.

Emission Control System, Primary - A control system installed to capture and
remove most of the total emissions prior to atmospheric discharge.




Emission Control System, Secondary - A control system designed to capture
and remove the smaller portion of the total emissions that the primary 5yS=
tem does not collect with the smaller portion usually being fugitive in
nature.

Enclosure - A structure which either partially or totally surrounds a fugi-
tive emissions source thereby reducing the amount of emissions.

Enclosure of Steelmaking Furnace, Partial - An enclosure of minimal volume
that completely surrounds a steelmaking furnace but only extends to the
charging floor.

Enclosure of Steelmaking Furnace, Total - A complete enclosure of minimal
volume that extends to the tapping floor of a steelmaking furnace.

Exposed Area, Effective - The total exposed area reduced by an amount which
reflects the sheltering effect of buildings and other objects that retard
the wind.

Exposed Area, Total - OQutdoor ground area subject to the action of wind and
protected by little or no vegetation.

Exposure - The point value of the flux (mass/a:ea-time) of airborne particu-
late passing through the atmosphere, integrated over the time of measurement.

Exposure, Filter . Exposure determined from filter catch within primary expo-
sure sampler.

Exposure, Integrated - The result of mathematical integration of partially
distributed measurements of airborne particulate exposure downwind of a
fugitive emissions source.

Exposure, Total - Exposure calculated from both filter catch and settling
chamber catch within primary exposure sampler, or from total catch within
secondary exposure sampler.

Exposure Profiling -~ Direct measurement of the total passage of airbomme
particulate immediately downwind of the source by means of simultaneous
multipoint isokinetic sampling over the effective cross-section of the
 fugitive emissions plume.

Exposure Sampler, Auxiliary - Directional particulate samples with goose-
necked intake and back-up filter, having stepwise flows control (0.5 to
1 cfm) to provide for isokinetic sampling at wind speeds of 5 to 10 mph.
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Exposure Sampler, Primary - Directional ﬁartiCUlate sampler with settling
chamber and backup filter, having variable flow control (5 to 20 cfm) to
provide for isokinetic sampling at wind speeds of 4 to 15 mph,

Fugitive Emissions, Total - All particles from either open dust or process
fugitive sources as measured immediately adjacent to the source.

Fugitive Emissions - Emissions not originating from a stack duct,
or flue.

Loadwin - The addition of material to a storage pile.
Load-out - The removal of material from a storage pile.

Materials Handling - The receiving and transport of raw, intermediate and
waste materials, including barge/railcar unloading, conveyor transport and
associated conveyor transfer and screening stations.

Moisture Content . The mass portion of an aggregate sample consisting of
unbound moisture on the surface of the aggregate, as determined from weight
loss in oven drying with correction for the estimated difference from total
unbound moisture.

Partial Diameter, Aerodynamlc - The diameter of a hypothetical sphere of
unit density (1 g/cm3) having the same terminal settling velocity as the
particle in question, regardless of its geometric size, shape and true
density.

Particle Diameter, Stokes - The diameter of a hypothetical sphere having the
same density and terminal settling velocity as the particle in question,
regardless of its geometric size and shape.

Particle Drift Distance - Horizontal distance from point of particle injec-
tion into the atmosphere to point of removal by contact with the ground
surface.

Particulate, Fine - Airborne particulate smaller than 5 pum in Stokes diameter.

Particulate, Suspended - Airbome particulate smaller in Stokes diameter than
30 micrometers, the approximate cut-off diameter for the capture of particu-
late matter by a standard high-volume sampler, based on a particle density
of 2 to 2.5 gfcmd.

Precipitation-Evaporation Index - A climatic factor equal to ten times the
sum of 12 consecutive monthly ratios of precipitation in inches over
evaporation in inches, which is used as a measure of the annual average
moisture of a flat surface area.
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Road, Paved - A roadway constructed of rigid surface materials, such as
asphalt cement, concrete and brick.

Road, Unpaved - A roadway constructed of non-rigid surface materials such as
dirt, gravel (crushed stone or slag), and oil and zhip surfaces.

Road Surface Dust Loading - The mass of loose surface dust on a paved roadway,
per length of roadway, as determined by dry vacuuming.

Road Surface Material - Loose material present on the surface of an unpaved
road.

Source, Open Dust -~ Any source from which emissions are generated by the
forces of wind and machinery acting on exposed aggregate materials.

Source, Process Fugitive Emissions - An unducted source of emissions involving
a process step which alters the chemical or physical characteristics of a
material, frequently occurring within a building.

Silt Content - The mass portion of an aggregate sample smaller than 75 micro-
meters in diameter as determined by dry sievinge.

Spray System - A device for applying a liquid dust suppressant in the form of
droplets to an aggregate material for the purposes of controlling the gene-
ration of dust.

~ Storage Pile Activities - Processes associated with aggregate storage piles,
speclflcally, load-in, vehicular traffic around storage piles, wind erosion
from storage piles, and load-out.

Surface Erodibility - Potential for wind erosion losses from an unsheltered area,
based on the percentage of erodible particles (smaller than 0.84 mm in diameter)
in the surface material.

Surface Stabilization - The formation of a resistive crust on an exposed aggre-
gate surface through the action of a dust suppressant, which suppresses the
release of otherwise suspendable particles.

Vehicle, Heavy Duty - A motor vehicle whose gross vehicle traveling weight
exceeds 30 toms.

Vehicle, Light Duty - A motor vehicle whose gross vehicle traveling weight is
less than or equal to 3 tons.

Vehicle, Medium Duty - A motor vehicle whose gross vehicle traveling weight
is greater than 3 tons, but less than 30 tons.

Windbreak - A natural or man-made object which reduces the amblent wind

speed in the immediate locality.
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SECTION 10.0

ENGLISH TO METRIC UNIT CONVERSION TABLE

English unit

Multiplied by

Metrie unit

Ib/T

1b/vehicle mile
lb/acre yr

1b

T

mph

mile

ft

acre

0.500
0.282
112
0.454
0.907
0.447
1.61
0.305
0.00405

kg/t
kg/vehicle km
kg/km? yr

kg

t

m/s

km

m

km2
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APPENDIX A

FIELD TESTING METHODOLOGY

1.0 Introduction

Field testing of fugitive emissions from open sources at two integrated
iron and steel plants was conducted by MRI during separate 2-week periods
in April and June of 1977. This appendix describes the field testing
methodology that was used.

Testing at the first plant (designated as Plant A) took place from April 11
to 22, 1977. Sources tested at Plant A included:

Number of
Fugitive dust source tests
Load out of high silt processed slag into truck 3
Load out of low silt product slag into truck 3
Mobile stacking of pelletized iron ore 3
Mobile stacking of lump iron ore _ 3
Light-duty vehicular traffic on unpaved road 1
Heavy-duty vehicular traffic on unpaved road 2

A total of 15 tests were performed.

Testing at the second plant (designated as Plant E) took place from June 13
to 22, 1977. Sources tested at Plant E included:

Number of
Fugitive dust source tests
Heavy-duty vehicular traffic on unpaved road 3
Light-duty vehicular traffic on unpaved road 3
Plant vehicle mix on paved road 3
Conveyor transfer station (sinter) 3

A-1




2.0

A total of 12 tests were performed.

MRI's Exposure Profiling technique was used to quantify dust emissions by
multi-point sampling immediately downwind of the emitting source, utilizing
the isokinetic profiling concept which is the basis for conventional source
testing., To the extent possible, measurements were restricted to periods
with moderate winds (5 to 15 mph) of constant mean directionm, 3 or more
days after significant rainfall (accumulation exceeding 0.5 in.).

Table A-l1 specifies the kinds and frequencies of field measurements that
were conducted during each run., "Composite" samples demote a set of single
samples taken from several locations in the area; "integrated" samples are
those taken at one location for the duration of the runm.

Sampling Equipment

The primary tool for quantification of emission rate was the MRI ex-
posure profiler, which was developed under EPA Contract No., 68-02-0619.
The profiler (modified for this study) consists of a portable tower

(4 to 6 m height) with an optiomnal horizontal crossarm (extending to
about 5 m in length) supporting an array of sampling heads. Each
sampling head was operated as a directional exposure sampler (with
automatic separation of settleable dust). Sampling intakes were
pointed into the wind, and sampling velocity was adjusted to match

the local mean wind speed, as monitored by distributed anemometers.

A vertical line grid of samplers (Figure A-1) was used for measure-
ment of emissions from paved and unpaved roads, while a two-dimensional
array of samplers was used for quantification of emissions from storage
pile transfer operatioms. The primary sampler design (Figure A-1)
entailed passage of the flow stream through a settling chamber,
trapping particles larger than about 50 pm in diameter, and then

upward through a standard 8 in. by 10 in. glass fiber filter positioned
horizontally. Smaller auxiliary samplers of lighter welght (Figure
A-2) were used at perimeter crossarm positions in sampling storage

pile emissions. Assuming that exposure from a point source is normally
distributed (as shown in Figure A-3), the exposure values measured by
the samplers at the edge of the grid should be about 25% of the center-
line exposure, so that about 90% of the total mass flux (exposure)

lies within the grid boundaries.

Sampling time was sufficient to provide sufficient particulate mass

and to average over several units of cyclic fluctuation in the

emission rate (for example, vehicle passes on an unpaved road). The
first condition was easily met because of the proximity of the sampling
grid to the source.




TABLE A-1, FIELD MEASUREMENTS

Tegt Parsmetoer Units Sampling Mode Measurement Method

1. Meteorology

a. Wind apeed mph Continuous Recording instrument at "background"
b. Wind direction deg Coutinuous station; sensors at reference height
g. Cloud cover % Single Visual observation

d. Tempersture °F Single Sling psychrometer

a. Relative humidity % Single Sling phychvometer

2. Seorage Plles

a. Material type -- Composite Petermined by plant persocnnel
b, Moiature content 7% moisture Single Oven drying
¢. Dugt texture ' % aile Composite Dry sieving
d. Material throughput tons - Determined by plant persoanal

3. Road Surfaces

a. Pavement type - Composite Observation (photographs)
b. Surface condition -- Composite Observation

¢. Dust loading g/md Multiple Dry vacuuming

d. Dust texture % silt Multiple Dry sieving

4. Vehicular Traffic

a, Mix - Multiple Obgervation (car, truck, number of
axles, etc.)
b. Count - Cumulative Automatic counters

5. Suspended Dust

a. Exposure (versus height) mg/cn Integrated Isokinetic high-volume filtration
(MRI method)
b. Mass size distribution pm Integrated High-volume cascade impaccion
¢. Downwind concentration uglm3 Integrated High-volume filtration (EPA method)
d. Background concentration ng/f Integrated High-volume filtrationm (EPA method)
a. Duration of sampling min Cumulative Timing
6. Deposition
a. Surface (versus distance g/mzlveh Integrated Dustfall buckets (ASTM method)
from curb)
b. Elevated g/ml/veh Integrated Dustfall buckets (ASTM method)
A-3
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Figure A-1. MRI exposure profiler for line or moving point sources,
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Figure A-2,
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To Sampling Console

Auxiliary air sampler.
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3.0

In addition to airborne dust passage (exposure), fugitive dust param-
eters that were measured included sugspended dust concentration and
particle size distribution. Conventional high«volume filtration units
were operated upwind and downwind of the test source.

A Sierra Instruments high-volume parallel-slot cascade impactor with
a 20 cfm flow controller was used to measure particle size distribu-
tion along side of the exposure profiler. The impactor unit was
equipped with a Sierra cyclone preseparator to remove coarse particles
which otherwise would tend to bounce off of the glass fiber impaction
substrates, causing fine particle measurement bias. The cyclomne
sampling intake was directed into the wind, resulting in isokinetic
sampling for a wind speed of 10 mph.

As indicated in Table A-1, other types of parameters that were measured
during each test included (a) prevailing meteorology, (b) properties
of the emitting material, and (c¢) source extent and activity parameters.

Figures A-4 to A-9 show the locations of the sampling instruments
relative to the emitting fugitive dust sources.

Sample Handling and Analysis

At the end of each run, the collected samples of dust emissions were
carefully transferred to protective containers within the MRI instrument
van, to prevent dust losses. High-volume filters (from the MRI

exposure profiler and from standard high-volume units) and impaction
substrates were folded and placed in individual envelopes. Dust

that collected on the interior surfaces of each exposure probe was
rinsed with distilled water into separate glass jars. Dust was trans-
ferred from the cyclone precollector in a similar manner.

Dust samples from the field tests were returned to MRI and analyzed
gravimetrically in the laboratory. Glass fiber filters and impaction
substrates were conditioned at constant temperature and relative
humidity for 24 hr prior to weighing (the same conditioning procedure
used before taring). Water washes from the exposure profiler intakes,
cyclone precollector and dustfall buckets were filtered, after which

- the tared filters were dried, conditioned at constant humidity, and

rewveighed,

Samples of road dust and storage pile materials were dried to deter-
mine moisture content and screened to determine the weight fraction
passing a 200-mesh screen, which gives the silt content. A conven-
tional shaker was used for this purpose. That portion of the material
passing through the 200-mesh screen was analyzed to determine density
of potentially suspendable particles,

A=7
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PROCESSED SLAG LOADQUT
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Figure A-5. Positioning of air sampling equipment (rear view) --
processed slag load-out,

A-9




*8uryoels 917d sa0--juswdinbe Burydwes ay® Jo Jujruoylysod ‘g-y 2anB1J

e wg ~ N

Cr

L

s0y90duyy
Spo3SO) JOA - IH
#ojdwing joA-1H »

=2

=3

0_ id ®i0O

(wyag)| ~)
s1ajdwog Jpy

agyeu|os] 134o0i§

A-10

G NOILIANND ONIA

ONBIDYIS 31d 380

A-10




ORE PILE STACKING
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Figure A-7,

Modified MRI exposure profiler--ore pile stacking.
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4,0 Calculation Procedure

4,1 Emission Rate

The passage of airborne particulate, i.e., the quantity of emissions

per unit of source activity, is obtained by spatial integration (over
the effective cross-section of the plume) of distributed measurements
of exposure (mass/area). The exposure is the point value of the flux
(mass/area-time) of airborne particulate integrated over the time of

measurement. '

Mafhematically stated, the total mass emission rate (R) is given by:

R=lff-Mdhdw
t A a

where m = dust catch by exposure sampler after subtraction of
background

a = intake area of sampler

t = sampling time

h = vertical distance coordinate

w = lateral distance coordinate '

A = effective cross-sectional area of plume

In the case of a line source with an emission height near ground
level, the mass emission rate per source length unit being sampled
is given by:

where W = width of the sampling intake
H = effective extent of the plume above ground

In order to obtain an accurate measurement of airborne particulate
exposure, sampling must be conducted isokinetically, i.e., flow

A-14




4.2

4.3

streamlines enter the sampler rectilinearly. This means that the
sampling intake must be aimed directly into the wind and, to the
extent possible, the sampling velocity must equal the local wind
speed. The first condition is by far the more critical.

Isokinetic Corrections

If it is necessary to sample at a nonisokinetic flow rate (for example|

to obtain sufficient sample under light wind conditions), the following mul-
tiplicative factors should be used to correct measured exposures and concen-
trations to corresponding isokinetic values:

. Fine Particles Coarse Particles
d<5um) - (d> 50 um)
Exposure Multiplier U/u 1
Concentration Multiplier 1 u/u

where sampling intake velocity at a given elevation
wind velocity at same elevation as u

= aerodynamic (equivalent sphere) particle diameter

13

u
U
d

For a particle-size distribution containing a mixture of fine, intermediate,
and coarse particles, the isokinetic correction factor is an average of the
above factors, weighted by the relative proportion of coarse and fine par-
ticles. For example, if the mass of fine particles in the distribution
equals twice the mass of the coarse particles, the weighted isokinetic core
rection for exposure would be

1/3 [2(u/u) + 1]

Particle Sjze Distribution

As stated above, a cyclone preseparator was used in conjunction with

a high~volume cascade impactor to measure airborne particle size distri-
bution. The purpose of the preseparator was to remove coarse particles
which otherwise would tend to bounce through the impactor to the back-up
filter, thereby causing fine particle measurement bias.

Although the cyclone precollector was designed by the manufacturer

to have a 50% cutoff diameter of 7.6 pm (particle density of 2.5 g/cm3),
laboratory calibration of the cyclone, reported in May 1976, indicated the
effective cutoff diameter to be 3¢5 pme Because this value overlapped the
cutoff diameter of the first Impaction stage (644 um), it was decided to

A-15




add the fiprst stage catch to the cyclone cateh, in caleulating the parti-
cle size diseribution.

As indicated by the simultaneous measurement of airborne particle-size
distribution, one impactor being usad with a precollector and a second
without & precollector, the ecyclone precollector is very effective in re-
ducing fine particle measurement bias. However, the following observations
indicate that addicional correction for coarse particle bounce is needed:

1« There is a monotonic desrease in collected particulate weight on
each suceassive impaction state, followed by a several-fold increase in
weight collected by the backsup filter.

2. Because the assumed value (0.2 um) for the effective cutoff di-
ameter of the glass fiber back=up filter fits cthe progression of cutoff
diasmecers for the impaction stages, the weight collected on the back=up
fileer should follow the particulate weight progression on the impactor
stagéas. : .

The exeess particulate on the baeck-up filter is postulated to consist

of coarse parcicles that penetrated the cyclone (with small probability)
and bouneed threugh the impaceor.

To correct the measured partiele sise distribution for the effects

of pesidual particle boutice, the following procedure was used:

1, The ealibrated eutoff diasmeter for the cyclone preseparator was
used €6 £ix the upper end of the particle<sise distyibution.

2. At the lower end 6f the particle=size distribueion, the particu-
late weight on the backeup filter was reduced to fit the parciculate weig
distribucion of the impacter stages, thereby extending the monotonic de-
crease in partieulace weight observed on the impactoer stages).
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1.0

APPENDIX B

TESTING RESULTS AND EXAMPLE CALCULATIONS

Introduction

This appendix provides a detailed presentation of the test results and
corresponding calculation procedures for each of five categories of
fugitive emissions sources that were tested. The source categories
tested were: ‘

* Load-out of processed slag into 35-ton capacity dump trucks with
a 10 cu yd front end loader.

* Formation of storage piles of pelletized and lump iron ore with
a mobile conveyor stacker.

* Vehicular traffic on unpaved roads surfaced with slag and dirt.

% Vehicular traffip on paved roads.

* Conveyor transfer station--sinter material.-

Test results are presented below for each of these source categories.

Slag Load-Out

Table B-1 gives information on the time of each slag load-out run and
the prevailing meteorological conditions at the site. Also given for
each run is the quantity of material loaded with the 10 cu yd front
end loader into the 35-ton capacity truck,

Table B-2 lists the individual point values of exposure (net mass per
sampling intake area) within the fugitive dust plume as measured by

the exposure profiling equipment. Also given for each high-volume sam-
pling head is the exposure measurement consisting of particulate col-
lected by the filter following the settling chamber.

B-1
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TABLE B-2. PLUME SAMPLING DATA-~-MATERIAL LOAD-OUT

___________,.._..,_,_....._.....—.----—-——-——-——-—-—'—'--"—'—'"'_'""'""'_‘_——'——--"—-———-——-—-———-—-—-———"—'—'-__=

Distance

Sampling from Sampling Total Filter

height centerline rate exposure axposure

Run (m) (m) (cfm) (mg/cm?) (mg/ cm?)

al 3 - 24 274 51.0
4.5 2.1 right 0.7 41.2

b3 0.7 right 24 99.1 22.7

4.5 0.7 left 24 182 4044
45 2.1 left 0.7 7640

6 - 24 74.1 23.8

A2 2.5 . - 16 83.8 14.9
4437 244 right 0.7 1644

4.37 0.7 right 19 77.8 14.7

4437 0.7 lefc 14 80.9 25.5
437 2.4 lefr 0.7 12.5

6425 - 17 34.0 12.3 .

A3 2.3 - 3l 454 5242
4. 37 2.4 right 0.7 516

4237 0.7 right 33 169 2943

4437 0.7 lefr 32 283 47.6
4437 2.4 left 0.7 104.7

6425 - : 33 134 27.2

ab 245 - 14 63.4 8.0
4437 2.4 right 0.7 23.9

4437 0.7 right 16 1.4 A

4437 0.7 lefe 12 35.9 Sel
4437 2.4 left 0.7 2“-.2

6e25 - : 14 10.8 3.1

AS 245 - 16 20.5 3.7
b4e 37 2.4 righl: 16 9.1

4437 0.7 right 16 13.0 1.9

44 37 0.7 left 12 12.0 249
4437 2.4 left 7.3

A6 2.5 - 18 6l.2 ' 9.0
4437 2.4 tight 14.9

44 37 0.7 righc 20 2147 Se3

4437 0.7 left 17 41.0 11,0
4437 2.4 left 32.7

6e25 - 17 5.9 3.0
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Table B«3 gives for each run the integrated exposure value corrected
to isokinetic conditions and compares particulate concentrations
measured by the upwind hi-vol and by three types of downwind samplers
(exposure profiling head, standard hi-vol, and high-volume cascade
impactor) located in close proximity, near the center of the plume.
Concentrations measured by the downwind hi-vol are significantly
lower than values measured by the other two units because of the low
capture efficiency of the hi-vol for particles larger than about

30 pm in diameter.

Table B-4 summarizes the particle sizing data for the six slag load-out
tests. Particle size is expressed as Stokes (equivalent-sphere) diam-
eter based on actual density of silt-size particles. In addition to
data from the cascade impactor measurements, Table B-4 also gives for
each run the average percent of the exposure measurement consisting of
filter catch weighted by the exposure value measured by each sampling
head.

Téble B-3 presents the emission factors corrected to represent
particles: smaller than 30 pm in diameter. Also indicated in Table
B-5 are material properties and wind conditions which constitute

correction factors to the emission factors.

The last column is the coefficient (k) in the proposed emission factor
expression:

CmF =1 U
EF = k %

where EF = emission factor (1b/ton)

s = silt content of aggregate (%)
U = mean wind speed (mph)
M = moisture content of aggregate (%)

The value k represents a measure of the activity or energy expended
during the load-out process. '

Table B-6 presents an example emission factor calculation., The cal-
culation is based on data for Run Al, '
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TABLE B=4., PARTICLE SIZING DATA SUMMARY--MATERIAL LOAD=-OUT
(Density = 3 g/cm3)

Cagcade Impactor Profiler
Mass Weighted av-
median erage 7 cap-
diameter Percent Percent tured on the
slag type  Run (wm) <30pm < 5pm  Ratio?/ filter
4120 Al > 100 8 245 0.31 22
‘ A2 > 100 10 3 0.30 22
A3 > 100 545 1.5 0.27 15
4133 A4 > 100 13 4 0,31 14
AS > 100 14 4 0.29 17
Ab > 100 13 345 0.27 20

al Percent < 5 pm % percent < 30 pm.
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TABLE B-6. EXAMPLE CALCULATION FOR RUN Al--SLAG LOAD-OUT

Result

Plot filter exposure versus sampler location.

Graphically integrate to determine the area under the
exposure surface,

Divide B by the quantity of material loaded to
arrive at the integrated filter exposure.

Multiply C by the ratio of the percent <30 pm (8%)
over the weighted average percent suspended (227%)
to obtain the emission factor for particles
smaller than 30 pm.

Correct D to isokinetic conditions following the
procedure given in Appendix A. (All coarse
particles; therefore correction factor = 1.)

20.4 1b

0.15 1b/ton

0.056 1b/ton

0.056 1b/tomn
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re Pile Stacking

Table B-7 gives information on the time of each ore pile stacking
run and the prevailing meteorological conditions at the site. Also
given for each run is the quantity of material loaded onto the 400-ft
long pile by means of the mobile conveyor stacker,

Table B-8 lists the individual point values of exposure (net mass per
sampling intake area) within the fugitive dust plume as measured by
the exposure profiling equipment. Also given for each high-volume
sampling head is the exposure measurement consisting of particulate
collected by the filter following the settling chamber.

Table B-9 gives for each run the integrated exposure value corrected
to isokinetic conditions and compares particulate concentrations
measured by the upwind hi-vol and by two types of downwind samplers
" (exposure profiling head and high-volume cascade impactor) located
In close proximity, near the center of the plume,

Table B-10 summarizes the particle sizing data for the six ore pile
stdcking tests. Particle size isg expressed as Stokes (equivalent-
sphere) diameter based on actual density of silt-gize particles. 1In
addition to data from the cascade impactor measurements, Table B-10
also gives for each run the average percent of the exposed measure-
ment consisting of filter catch weighted by the exposure value mea-
sured by each sampling head.

Table B-11 presents the emission factors corrected to represent
Particles smaller than 30 nm in diameter. Also indicated in Table
B-11 are material properties and wind conditions which constitute
correction factors to the emission factors,

The last column is the coefficient (k) in the proposed emission
factor expression:

=k§__q
EF 2

where E = emission factor (1b/ton)
$ = silt content of aggregate (%)
U = mean wind speed (wph)
M = moisture content of aggregate (%)

The value k represents a measure of the activity or energy expended
during the load-out process.
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TABLE B-8, PLUME SAMPLING DATA--ORE PILE STACKING

"

Distance
Sampling from Sampling Total Filter
height centerline rate exposure exposure

Run (m) (m) (cfm) (mg/ em?) (mg/cm?)
A8 1 12 113 2545

2 le4 right 0.7 18.1

2 13 21.7 5.8

2 l.4 left 0.7 12,6

3 12 11 2+4

4 16 3 0.8
A9 1 20 51 19.7

2 22 48 ’ 1446

3 le4 left 0.7 45,0

3 22 62 1647

3 1.4 right 0.7 4648

4 23 26 6.2
AlO 1 21 70 20.6

2 22 61 12.6

3 le4 right 0.7 31,0

3 22 58 15.7

3 l.4 left 0.7 30.3

4 25 8 8¢5
All 1 15 38.5 54

2 l.4d left 0.7 15.1

2 16 14.7 2.1

2 1.4 right 0.7 9.9

3 14 11.5 1.3

4 19 4.0 0.8
al2 1 12 10.5 0.9

2 le4 right 0.7 8.0

2 14 550 0.6

2 le4 left 0.7 1.7

3 12 3.72 0.4

4 17 1.78 0.4
Al3 1 12 1.39 0.3

2 14 1,65 0.5

3 le4 left 0.7 2,09

3 11 2.05 0.5

3 l.4 right 0.7 3.62

4 16 1.59 0.3
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TABLE B-10,

PARTICLE SIZING DATA SUMMARY--ORE PILE STACKING
(Density = 4.5 to 4.9 g/cm3)

Cascade Impactor

Profiler _

Mass Weighted av-
median erage % cap-
Pile diameter Percent Percent tured on the
material Run (em) < 30 pm < 5 um Ratio® filter
Pellets A8 > 100 22 8 0.36 23
aob/ 30
AlQ > 100 10 3 0.33 34
Open hearth  All > 100 11 3 0.27 42
ore
Desert mound Al2 > 100 11 3.5 0.32 10
ore Al3 > 100 25 7 0.28 17

3/_ Percent < 5 pm + percent < 30 pm.

b/ Sierra not used.
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Table B-12 presents an example emission factor calculatlon. The
calculation is based on data for Run AS8.




TABLE B-12. EXAMPLE CALCULATION FOR RUN A8--ORE PILE STACKING

Result

Plot filter exposure versus sampler location.

Graphically integrate to determine the area under
the exposure surface.

Divide B by the quantity of material piled to arrive
at the integrated filter exposure.

Multiply C by the ratio of the percent <30 pm (22%)
over the weighted average percent suspended (23%)
to obtain the emission factor for particles smaller
than 30 nm.

Correct D to isokinetic conditions following the
procedure given in Appendix A. (All coarse
particles; therefore correction factor = 1.)

2.0 1b

0.0041 1b/ton

0.004 1b/ton

0.004 1lb/ton
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.0 Traffic on Unpaved Roads

Table B-13 gives information on the time of each unpaved road run and
the prevailing meteorological conditions at the site. Also given for
each run is the number of vehicle passes by vehicle type.

Table B-14 lists the individual point values of exposure (net mass per
sampling intake area) within the fugitive dust plume as measured by
the exposure profiling equipment. Also given for each high-volume
sampling head is the exposure measurement consisting of particulate
collected by the filter following the settling chamber.

Table B-15 gives for each run the integrated exposure value and
compares particulate concentrations measured by the upwind hi-vol
and by three types of downwind samplers (exposure profiling head,
standard hi-vol, and high-volume cascade impactor) located in
close proximity, near the center of the plume._ Concentrations
measured by the profiler are sighificantly lower than values mea-
sured by the other two units because the profiler sampled at 3 m
above ground rather than 2 m.

Table B-16 summarizes the particle sizing data for the six unpaved road
tests, Particle size is expressed as Stokes (equivalent-sphere) diam-
eter based on actual density of silt-size particles. In addition to
data from the cascade impactor measurements, Table B-16 also gives for
each run the average percent of the eéxposure measurement consisting of

filter catch weighted by the exposure value measured by each sampling
head.

Table B-17 presents the emission factors corrected to répresent
particles smaller than 30 pm in diameter. Also indicated in Table B-17

are material properties and wind conditions which constitute correction
factors to the emission factors.

Table B-18 presents an example emission factor calculation. The calcu-
lation is based on data for Run Al4.
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TABLE B-14., PLUME SAMPLING DATA--
UNPAVED ROADS

Sampling Sampling Total Filter

height rate exposure exposure
Run ) (efm) (mg/sm?) (mg/cmz)
A7 1 3l 5.34 5.46
2 33 2.90 3.15
3 29 1.5 1.47
4 35 0.28 0.32
Ald 1.5 13 17.9 4,38
3 16 6.33 1.89
4.5 14 5.11 1.33
6 16 1.39 0.42
AlS 1.5 14 12.5 3.24
3.0 17 6.78 2.16
4.5 15 5.91 1.65
6.0 16 2.97 0.89
El 1.5 11.2 4,53 2.5
3.0 12.7 3.67 1.9
4.5 14.2 2.33 1.4
6.0 14.9 1.24 0.7
E2 1.5 14.9 4.43 2.5
3.0 16,5 3.16 1.7
4,5 18.6 2.92 1.8
6.0 19.6 1.79 1.0
E3 1.3 14.0 5.76 3.0
3.0 17.2 3.07 1.5
4.5 19.2 1.70 0.9
6.0 20.2 0.95 0.3
E4 1 10.7 4.24 2.2
2 12.7 2.9 1.8
3 14.2 1.80 1.1
4 14.9 0,86 0.5
E5 1 18.2 5.70 3.3
2 21.2 3.42 2.3
3 22.5 1.82 1.2
4 24.0 0.68 0.5
E6 1 14.9 8.13 4.8
2 17.2 2,25 1.3
3 18.7 2,47 1.7
4 20.2 0.76 0.6
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TABLE B-18, EXAMPIE CALCULATION FOR RUN Al4--UNPAVED AND PAVED ROADS

Result

A. Plot filter exposure versus sampler height. --
B. Graphically integrate to determine the area under

the vertical exposure profile. 240 1b/mile
C. Divide B by the number of vehicle passes to

arrive at the integrated filter exposure. 16 1b/vehicle mile
D. Multiply C by the ratio of the percent <30 pm

(60%) over the weighted average percent

suspended (42%) to obtain the emission factor

for particles smaller than 30 pm. 23 1b/vehicle mile
E. Correct D to isokinetic conditions following the

Procedure given in Appendix A, 27 1b/vehicle mile
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5.0 Traffic on Paved Roads

Table B-19 gives information on the time of each paved road run and
the prevailing meteorological conditions at the site. Also given for
each run is the number of vehicle passes.

Table B-20 lists the individual point values of exposure (net mass per
sampling intake area) within the fugitive dust plume as measured by
the exposure profiling equipment. Also given for each high-volume
sampling head is the exposure measurement consisting of particulate
collected by the filter following the settling chamber.

Table B-21 gives for each run the integrated exposure value and
compares particulate concentrations measured by the upwind hi-vol
and by three types of downwind samplers (exposure profiling head,
standard hi-vol, and high volume cascade impactor) located in
close proximity, near the center of the plume.

Table B-22 summarizes the particle sizing data for the six paved road
tests. Particle size is expressed as Stokes (equivalent-sphere) diam-
eter based on actual density of silt-size particles. In addition to

data from the cascade impactor measurements, Table B-22 also gives for
each run the average percent of the exposure measurement consisting of

filter catch weighted by the exposure value measured by each sampling
head. -

Table B-23 presents the emission factors corrected to represent particles
emaller than 30 nm in diameter. Also indicated in Table B-23 are
material properties and wind conditions which constitute correction
factors to the emission factors.

Table B-18 in the previous section presents an example emission factor
calculation. The calculation is based on data for Run Als,
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TABLE B-20. PLUME SAMPLING DATA--PAVED ROADS

Sampling Sampling Total Filter
height rate exposure exposure
Run (m) (cfm) (mg/ em?) (mg/cm?)
E7 1 11,2 «33 22
2 12.7 «28 «15
3 14.2 ‘ «45 24
4 14,9 «38 «20
E8 1 11.8 .67 «30
2 12.7 + 59 .28
3 14.9 . - .63 o4l
4 15.2 +76 : «37

B-26




‘putes 34811 /9

*o139uTqOS] /®

- /9 c9s 85¢ Vi %92 6d
.H.H 8°1 068 X4 \MOmNH 79¢ 84
%0 A | 099 0L9 \mﬁmm 6L Ld
(P1TW *y=2a/qi) n/m aojoedur TcA=TY x8TIy0g @::oumxomw uny
2ansodxa as1tzoad apeose) paepuels
193113 103 o13lex PUNOC.IJIoB] SUEPNH[OUL °pULAUAD]
peavadaquy DTISUTHOST

aQvod TIAVd ~-SINTWIINSYIN FANSOIRE NV NOIIVEINIDNOD ILVINIILAVL TIANAISNS

*12-9 TIIVL

B~27




TABLE B=22.

PARTICLE SIZING DATA SUMMARY--PAVED ROAD

(Density = 3 g/em3)

Cascade Impactor Profiler
Mass Weighted av-
median erage 7 cap-
diameter Percent Percent / tured on the
Run (vm) < 30 pm < 5'Mm Ratiof filter
E7 5 91 50 0.55 36
E8 9 75 37 . 0.49 52
E9 7 85 _ 41 0.48 43

al Percent <5

pm = percent < 30 pm.

B-28"




*1339WBTP UJ SUCIOTW Qf UBY3 IS]1BWS §37d073asd sjuesaxdsy /q
*SpUTA 91qeIieA puB JYSI1 /T
/E 63
8 z1 1°S 0°€ 701 1 ed
L Z1 9Z1 080 Faci
(suol) (qdum) (%) nmEU\mV sassed \mﬁwaﬁa 3TOFYeA/qT) uny
S Tom (S) poads (s) 3ITIS £37susq 3TOTY2A (3) I030B3 UOTSSTWH
910TYRA IC T JEW SoE JANg
papeo]

avod JaAVE-=-X9VHINIS ¥01OVA NOISSIWE JILOIdd0D

*£Z-9 dT9V1

B-29




6.0 Conveyor Transfer Statiom

Table B=24 gives information on the time of each comveyor transfer
run and the prevailing meteorological conditions at the site. Also
given for each run is the quantity of sinter material transfered.

Table B-25 lists the individual point values of exposure (net mass per
sampling intake area) within the fugitive dust plume as measured by
the exposure profiling equipment.

Table B=-26 gives for each run the integrated exposure value and compares
particulate concentrations measured by the upwind hi-vol and by two

types of downwind samplers (exposure profiling head and high-volume cas~
cade impactor) located in close proximity, near the center of the plume.

Table B-27 summarizes the particle sizing data for the six conveyor
transfer tests. Particle size is expressed as Stokes (equivalent-
sphere) diameter based on actual density of silt-gize particles. In
addition to data from the cascade impactor measurements, Table B-27
also gives for each run the average percent of the exposure measure-
ment consisting of filter catch weighted by the exposure value mea-
sured by each sampling head.

Table B-28 presents the emission factors corrected to represent
particles smaller than 30 pm in diameter. Also indicated in Table
B-28 are material properties and wind conditions which constitute
correction factors to the emission factors.

Table B-29 presents an example emission factor calculation. The
calculation is based on data for Run El0,
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TABLE B-25. PLUME SAMPLING DATA~=CONVEYOR TRANSFER

Sampling Sampling Total
Probe height rate ' exposure
" Run unit no. (m) (cfm) (mg/ cm?)
E10 5 2.2 +65 16.8
4 1.6 «65 17.2
1 1.6 .65 39.5
2 1.6 .65 51.0
3 1.1 «65 - 32.2
Ell 2 2.2 65 45.6
3 1.6 «65 26.8
5 1.6 «65 31.2
1 - 1.6 65 57.1
4 1.1 «65 30.4
E12 4 2.2 - +65 16.1
3 1.6 «65 31.2
5 1.6 «65 20,3
1 1.6 65 14.6
2 l.1 65 18.6
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TABLE B-27. PARTICLE SIZING DATA SUMMARY-~CONVEYOR TRANSFER
(Density = 3.8 g/cm3)

Sierra __Profiler
Mass Weighted av-
median . erage 7% cap=~
diameter Percent Percent tured on the
Run (rm) < 30 pm <5 pm Ratioﬁl filter
E10 19 61 20 0.33 72
Ell 31 49 _ 19 0.39 65
El2 - 21 57 : 23 0.40 59

a/ Percent < 5 pm v percent <30 um.
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TRANSFER

TABLE B-29. EXAMPLE CAILCUIATION FOR RUN E10--CONVEYOR
Result
A. Plot filter expogure versus sampler location, -
. B. Graphically integrate to determine the area under
the exposure surface. 3.1 1b

C. Divide B by the quantity of material transferred to
arrive at the integrated filter exposure.

D. Multiply C by the ratio of the percent <30 nm (61%)
over the weighted average percent suspended (72%)
to obtain the emission factor for particles
smaller than 30 um.

0,043 1b/ton

0,036 1lb/ton
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APPENDIX C

STABILIZATION CHEMICALS FOR OPEN DUST SOURCES

The following table lists various dust suppression chemicals and their
resultant control efficienciess These chemicals were placed on mock
coal storage piles placed in a wind tumel simylating an average wind
velocity of 10 to 11 mphe The two dust suppression chemical applica=-
tion schemes deemed most economical and efficient were Nos. 21 and 22
in the following table.l/

C-1




Dust Suppression Chemical

(water plus as listed) Control Efficiency (%)
le Dustrol "A" 1:5000 =748
2e¢ T=Det 1l:4& | 76
3. GCa0 1% ' 248
4e CaClp 2% | 33.8
Se Cements 5% 2648
6+ Goherex 1:15 2245
7+ Coherex 1:8 1545
8. Coherex 1:4 97«2
9+ Dowell Chemical Binder 1% 7044

10, Dowell Chemical Binder 2% | 9742

1l. Dowell Chemical Binder 3% 97.2

12 1% CaClg, in 1:5000 Dustrol "A" 1545

13. 1% Ca0 in 1:8 Coherex 31

14s 1% Ga0 in 2% Dowell Chemical 9541
Bindex

15. 1% Ca0 in 3% Dowell Chemical 817

Binder

16+ Dried Whole Blood 5% 27.1

17« Dried Pork Plasma 5% 79

18+ Dried Pork Plasma 3% 96

19. 1% CaClg in 3% Pork Plasma 52

20e¢ Dri-Pro 5% 7

21, 1% Ca0, 1:3000 T-Det in 2% 9846
Dowell Chemical Binder

22+ 1% Ca0, 1% GaCl,, 1:4000 9846
Dustrol "A" 4+ 2% Dowell '

Chemical Binder
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