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SUMMARY

This report presents the results of an engineering investigation of fugi-
tive emissions 1in the integrated iron and steel industry. This study was directed
to the accomplishment of the following objectives:

1. TIdentification of fugitive emission sources within integrated iron and
steel plants

2. Ranking of identified emissions sources based on relative environmental
impact

3. Recommendations of future research, development and/or demonstration
to aid in the reduction of fugitive emissions from the sources de-
termined to be the most critical.

Operations specifically excluded from this study were coke ovens, charging of
basic oxygen furnaces, and blast furnace cast houses.

Fugitive emissions in the iron and steel industry can be generally divided
into two classes - process fugitive emissions and open dust source fugitive
emissions. Process fugitive emissions include uncaptured particulates and
gases that are generated by iron and steelmaking furnaces, sinter machines,
and metal forming and finishing equipment, andi that are discharged to the
atmosphere through building ventilation systems. Open dust sources of fugi-
tive 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.

Quantitative data which characterize process fugitive emissions from in-
tegrated iron and steel plants are sparse. A few measurements of process fugi-
tive emissions have been published, but lack of detail on test methods adds
uncertainty to the results. In a number of cases, crude estimating techniques
have been used to generate fugitive emissions data. To compound the problem,
confusion as to the origin of emissions data frequently results from poor
documentation.

Prior to this study, little attempt had been made to quantify open dust
sources within integrated iron and steel plants. The means used in this study

to assess this source category included (a) detailed open dust source surveys

xii



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 demsity 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 suspended
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) vVehicular 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

It 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) and (c) 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 cost 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 further
development. Example cost-effectiveness analyses for a process source (canopy
hood system for electric arc furnace) and for various open dust sources indi-
cate the control of open dust sources has a substantially more favorable cost-
effective ratio.

A major problem hindering the development of control efficiency data is

the lack of specified reference methods for the measurement of fugitive emis-
sions. Generalized methods have been proposed, but these methods have not been
evaluated for accuracy and precision in relation to specific source conditions.
Moreover, practicable measurement method options produce data which are generally
not source specific.

A notable exception to this situation is the MRI exposure profiling method.
This method was successfully used in this study to measure source specific emis-
sion rates and particle size distributions for a number of open dust sources.
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 is
being conducted primarily in other industries.
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CONCLUSIONS AND RECOMMENDATIONS

This section presents the major conclusions reached in this investigation
and recommendations for reducing negative impacts of these conclusions. In
fulfillment of the program objectives, a major effort was put forth to evalu-
ate the need for future research and development programs which would provide
fugitive emissions control technology for integrated iron and steel plants.
Consequently, the recommendations 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 deficiencies in
available fugitive emission factors for process sources. The first would en-
tail contacting original investigators and producing a more detailed report omn
available emission factors. Those factors which were obviously inadequately
documented could then be replaced by new, more adequately supported 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 a 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-
sented are approximate. These values are intended to give a relative comparison

Xv



TABLE CR-1. COMPARISON OF NATIONWIDE STACK AND FUGITIVE EMISSIONS

Estimated 1976 typically controlled
fine particulate emission rates®

General source category Stack Fugitive
A. Process sources
Sintering 58,000 t/yr 4,700 t/yr

Hot metal transfer

Electric 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

(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)

(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)

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

year,



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. TFine 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 (c) 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 bcth 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
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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) 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

These source emit the largest quantities of fine and suspended particulate,
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.



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 critical.

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 Fmission 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,




TABLE 1-1., SOURCES OF FUGITIVE EMISSIONS FROM
INTEGRATED IRON AND STEEL PLANTS

A. Process Sources

le Scrap cutting
2. Sintering

* Windbox leakage
* Strand discharge
* Cooling

* Screening

3. Hot metal transfer
4, Hot metal desulfurization
5. Electric arc furnace

% Charging

% Electrode port leakage
* Tapping

* Slagging

6. Basic oxygen furnace

Deskulling

Charging

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

Slagging

= % % % *

7. Open hearth furnace

* Charging

* Leakage (doors and oxygen lance port)
* Tapping

* Slagging

8. Slag quenching
9. Teeming
10, Scarfing (machine and hand)

B. Open Dust Sources

1. Unloading (rail and/or barge) - rawé/ materials
2. Conveyor transfer stations - raw and intermediate~’ materials

(continued)
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TABLE 1-1 (continued)

c
3. Storage pile activities - raw, intermediate, and waste—/ materials

Load~in

Vehicular traffic around storage piles
Wind erosion of storage piles

Load-out

* % * %

4., Vehicular traffic

* Unpaved roads
* Paved roads

5. Wind erosion of bare areas

3/ 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 available 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 similarities 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 Control 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 iron and steel plants.

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

. Section 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.

1-5



A mixture of metric and English units was used in this report. The word
ton always refers to short ton (abbreviated "T'"), which is equivalent to 2,000
1b. The word tonne always refers to the metric tonne (abbreviated 't'), which
is equivalent to 2,200 1b. 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 (c) 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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o/ All Numbers in LB/ TON Steel.

Figure 2-2,

Coal : 1445/

1

COKING

Coke 932 ‘@— OPERATIONS *
. SINTER:
. 280 =t 2 —_°
Air @ 3280 1 AACHINE
Ore : 1047
Coke Breeze: 58 SCREEN
Limestone :__ 115
Total 1229_ ‘ Sinter : 1150
Lump Ore 85T-
Sinter 1 1150 | | BLAST
o D em FURNACE o
Limestone : __ 238
Total A7
ar . 3321 © l I~.S|c:g : 534
— Pig lron : 1361
Air ; 1887

Ore : 0 lFuel & Steam : 167
Scrap : 907

OPEN HEARTH
Hot Metal : 1361 |
Alloy . 14 FURNACE @
Flux 140
Oxygen : 55 l L’Slqg : 200
Total : 2657 @

]
Hot Metal 1600 BASIC OXYGEN
Scrap 659 ™1 FURNACE ®
Additions : _ 140
Total : 2399
ora : ‘ @
Scrap 21
Ore : 40 ELECTRIC ARC
Alloys : 14 [T™ FURNACE ®
Coke Breeze: I l’
Electrodes : 10 Slag : 154
Total 219L { @ @
@@or@ 2061
SCARFING
l Steel : 2000 Steel : 2061

Scrap : 60

1/

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

Process Conversion factor Reference
Coke manufacture 1.0 unit coal

0.69 unit coke

Iron production 0,55 unit coke 2
1.0 unit iren

1.55 units of iron bearing material 2
1.0 unit iren

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

1.0 unit iron ore Calculated by dif-
1.0 unit iron ference

0.2 unit limestone 2

1.0 unit ireon

0.2 unit slag 2
1.0 unit iren

or

0.3-0.4 unit slag 3
1.0 unit iron

or

0.2-0.35 unit slag 4
1.0 unit irom

BOF steel production 0.7 unit hot metal A
1.0 unit BOF steel

0.3 unit scrap
1.0 unit BOF steel

OHF steel production 0.45-0.55 unit hot metal
1.0 unit OHF 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, 35% 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 BOFs,
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 cutting 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.é/ 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.g/

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 station. 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--

Fugitive 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.

Emission 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 CaCy, CaO, NaCO3, NaOH,
Mg, and CaCO3.



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. 1In
1972, there were 299 operating EAFs; and 450 furnaces are projected to be in
operation by 1980.12/ 1n 1976, EAF production consisted of 69% carbon steel,
247 alloy steel, and 7% stainless steel. In terms of total steel production,
EAFs produced 15% of carbon steel, 41% of the alloy steel and 100% of the
stainless steel for a total of 20% of the entire U.S. steel production (see
Table 2-3).2/

TABLE 2-3. 1976 RAW STEEL PRODUCTION BY TYPE OF FURNACEg/
Production Percentage of
Furnace (1,000 tons) total
Electric arc 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 tons. 1In 1976, BOF production consisted of 929 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 um 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
legkage. 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 Characteristics--
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 Characteristics--
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/
Of the total steel produced, approximately 20 to 507%~=" 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 OPEN 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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Railcars 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 matgrial 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 MATERIALSZ

Production and receipt

Input material (10% tons)
Lump iron ore 17 .5
Iron ore pellets 86.7
Coal 79.1
Coke 60.9
Flux 29.5
Scrap 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 is accom-

plished by: (a) gantry-crane clamshell buckets; (b) conveyors attached to
stationary and mobile stackers; and (c) 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.lg/ 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 Characteristics--

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 as 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 sizes (5 to 70 tons loaded weight)
transport raw and finished materials within and outside the plant. Fugitive
dust emissions are generated by these vehicles traveling on unpaved and paved
roads.

2-17



*(0*h UOTIDAS 995) sLoAIns 30INOS
Isnp uado ano3j s,4pnis STY3 woxaj payrdwos eiep oyl Jo SaSeisAr aae umoys sanjep [¥

1 r4 09 6°0 000°€L 3e1s passooo0ag

A Z 9L 1°0 000°0¢ auoisawy]

1 1 119 %0 000‘%¢S 230D

1 11 £h 1 0689 sia11°d

G Z1 8Y €°1 000°0%1 930 uoatr dumg

9 Vi L01 L*0 000°0L 1€0D

(%) (%) (sfep) (suo1 401) (suol) s{eIxajew

Jua3uo0d Juajuod 3I1IS 28eva103S andy8noaya 28evi103s poar1dyo03s

2anjsftow 1eTa9 IR Jo a8ex03s ul IJunowry Jol ey
1ETIOIBR uorjeang Tenuuy

\Maucmﬁm podaning o3eiany)
INILXYd d0¥N0S ALIAILOV WATId FOVEOIS °9-7 A79VL

2-18



*(1161) 6£¢ *d ‘uorierodzop 19935 *s°f ‘19935 JO duijeai] pue Fujdeys TSUINPW oYyl /O

*c-n *d ¢1 souaiajzay /q

*Z°C*C uoT193g $Buyrissl 9danos s,Apnis syl uo paseg /¥

*3]qRTeAE 10N = VN

/3523111133
fsajeioq ‘soleu
-junie ¢sajeydsoyd

(1apeO] pud-juoay)

-02111S ¢S°®31BDI1IS € € 11 palenatly 8e{s passad01gd IN0-peoT]
VN VN VN VYN pa3leasald - sa11d 28e103s woaj
UOYs01d PUIM
VN VN VN VN 19aa] punoxy - sa11d a8eio3s punoae
D133Ea3 IBINOTYSA
auols
-Swy] pue BOFIIS
swos “%otag ‘tolaa G*y < 91 paieaald (193oe1s) @10 UOIT
931juoljuaq feOF(¥S
A13sow ¢an3ued
awos f%70laa “Yotad 6°% S 91 paleaafy (193oe3s) s3atlad Uy -peor
\mcoau#moasoo AmEu\wv autd papuadsng Iy8yay 1e73I23BW 32an0S
\M%uﬁm:uo 7 IY31oM uoyadefur aoanos
SSuojsSsiwa [ejol a1duexy

A

Jo 9zs @[oT131eg

SOILSIYAIOVIVHD SNOISSIWH ALIAILOV HATId dOVIOLS

"L-C TIEVL

2-19



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 predominate 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 Description--

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 associated with wind speeds greater than the threshold erosion velocity
of 12 mph.12/

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 soill 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 fire 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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TABLE 2-10, 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 Section 4.0).

TABLE 2-11. EXPOSED AREA EMISSIONS CHARACTERISTICS

Weight Weight
percentage percentage

Injection of suspended of fine Density Probable

height particles particles (g/cm3) constituents

Ground level NA NA NA CaC04,
$i0,,
FeO,
‘Fe203

NA Not Available.



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 presented 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 emis-
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 suggestedlé/ 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
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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,lﬁ/ which offer distinct advantages over the above
methods for source-specific quantification of fugitive emissions, as dis-
cugsed 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
simultaneous multipoint sampling over the effective cross-section of the fug-
itive emission plume. Unlike conventional upwind/downwind testing, exposure
profiling yields source-specific 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
simultaneous measurements of concentration at selected points to convert
plume temperature profiles 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: (a) 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 employed
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 is exposure profiling. The method is 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) sources, 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 above 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. Uncalibrated 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 size 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 MRIli/

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 sources 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. Grid 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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distributed, 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.

Calculation Procedure--

The passage of airborne particulate, i.e., the quantity of emissions 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:

R=1 / m(h,W) dhdw
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:

H
R=VW / m(h) dh
t a

o]

3-5



3113044
ainsodx]

*jusweBuerae Jurirjoad sansodxe ayduexy

uol2311g PUIM
-

*1-¢ 2an8ya

+— Jui104
Bu1jdwog

82JN0G JUlOg |ONYIIA

3-6



where W = width of the sampling intake

effective extent of the plume above ground

H

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 flow 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.l%4,18/ These corrections require information on the particle size dis-

tribution of the emissions.

High-volume cascade impactors with glass fiber impaction substrates,
vhich are commonly used to measure particle size distribution of atmospheric
particulate, may be adapted for sizing of fugitive particulate. A cyclone
preseparator (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/ once 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%.1%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 + 50% 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.

In 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 incor-
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 generation 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 exémple, 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 emission 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 source testing. Exposure profiling con-
sists of the direct measurement of the passage of airborne pollutant immedi-
ately downwind of the source by means of simultaneous multipoint sampling over
the effective cross-section of the fugitive emissions plume. This technique
uses a mass-balance calculation scheme similar to EPA Method 5 stack testing
rather than requiring 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.14/

3. Load-out of crushed limestone utilizing a 2.75 cu yard loader.l&/

4, Vehicular traffic on paved urban roadways.l§/
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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-&Z).gg

Other than MRI's previous work, few emission factor data for open dust
sources exist. Estimated 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.2?’ This factor might be appli-
cable to a coke conveyor transfer station. AISTZO estimated an emission
factor of 0.13 1b/ton of coke for a conveyor transfer station. AlSO'AISIZQ/
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
smaller 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/em3).14/ 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 open 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

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
Plant E
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

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 (c) 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 generation 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 speed and direction, and
(c) sources available for testing.
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The 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
slig 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
site. 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-
ized 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 pm 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 ym and 5 um, 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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MRI exposure profiler.

Figure 3-2.
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3. Calculate the emission factor for particles smaller than D
the following expression:

p using

% <D
EF = EF x | 2P
< Dp < 30 um <% < 30 Um>

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 is 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—4222- as follows:

0.6 (0.81 s) (350

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 (]5—2) (356)(13“-)0'8 (%) Ib/veh=mi

]
1 | L

Determined by profiling Estimated factor to

of emissions from light- account for mitigating
duty vehicles on gravel effects of precipitation
and dirt roads under over period of one

dry conditions. 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. In 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 ares
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 maximum 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*

EF = 0.45 _s_( L (%/‘) Ib/veh-mi

0 /\ 5000
[—
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 (lb/mile)

Figure 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

sY{U

S5\5
EF =0.0018 (M) Ib/ton

2
L

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 emis-
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.l— Because of the potential

inaccuracies of the sampling methoablogy and the number of assumptions used
in deriving the correction terms, this predictive emission formula is assigned
a 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 1b/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

5ls)

=V. /on

EF l00018 (%/\_) (%) t
|

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 (yd3)

Figure 3-7, Predictive emission factor equation for transfer of

aggregate from front-end loader to trucks
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OPEN DUST SOURCE: Vehicular Traffic Around Storage Piles
QA RATING: C

d
EF =0.10 K (-]-s-g)(—-g) Ib/ton
| 11 _J

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)
= 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 Erosion from Storage Piles

QA RATING: C
_ s D d f
EF =0.05 (]—?)(36)(2_35)(-]_5.) Ib/ton
| I ] ]

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.

where: 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 year '
f = 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- 30/
ing of suspended dust generation during dust storms, as reported by Gillette,=—
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.
1
rjirorar
(12 (_s_) _f_)
= 3400 0/ 113 Ib/acre-yr

(P
50

Assumed by analogy to
Wind Erosion Equation

where: EF = suspended particulate emissions (lb/acre=yr)
e =surface erodibility (tons/acre-year)
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.§2/ 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.3l/

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, (¢) 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 purpose 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 a 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. Figures on the déily 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 roads, 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 mileage figures supplied by plant personnel were as follows:
* 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

o+

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).
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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 slag
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 dry days per year for the plant
locale was determined from the Climatic Atlas.3l’ 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 (¢) 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.
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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
similar 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.

Equation (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.==

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 that 5he wind speed exceeds 12 mph = 19) were obtained from
the Climatic Atlas.él The correction factors used in determining 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 within 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.

4-7
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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 (19%) was obtained from
weather records.-:21 The results from wind erosion of Plant A's exposed areas
are presented in Table 4-5.

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 parameters,
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,
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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 Iron 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%

4-11
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3. Data on’the daily mileage traveled by ezc: vehicle type was calcu-
lated from plant motor pool information, specify.nj vehicle hours used per
week, To calculate miles traveled per day, a ut .lization factor and average
vehicle speed were used.

4, Information provided by plant personnel vas used to apportion the
mileage traveled by each vehicle type over the *a ious road segments.

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

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

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

* Type B - medium duty (flatbeds and othe: 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 & - 1,057 miles/day
Type B - 159 miles/day Type I - 524 miles/day
Type C - 672 miles/day Type ¢ - 582 miles/day
Total: 1,000 miles/day Total: 2,163 miles/day

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

Correction Parameters--

At Plant B, one unpaved road segment was sampled for the silt content of
the surface material. This laboratory siit content (10%) was assumed to ap-
ply to the other unpaved road segments at Flant B. The surface silt content
for paved roads was assumed to be 10%, a t-pically measured value.

4-13



Average vehicle speed for each segment of unpaved or paved road was es-
timated by plant personnel and the number of dr{/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 piles 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.ég/

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.

4-14
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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.él/ 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.

4-16
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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 totgl
1. Total Unpaved Roads 1,632 58
2. Paved Roads 660 23
3. Total Wind Erosion -
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%

4-19



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:

l. 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. TFigures 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 8l1% 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 sur face 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 Parameters--

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 dry 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 estimations 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, consisting 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 useof 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 direétly 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.

PLANT C:

STORAGE PILE EMISSIONS
Source Extent Emission Factors
Amouat in Annual Load-in Load-out Total storage Yearly
Material in s:orngci/ throughout (1b/ton  Vehicular traffic Wind erosion (lb/ton  cycle (lb/ton emissions
storage {cons) (million to stored (1b/ton stored)  (ib/ton stored) stored) stored) _(tons/year
Cosl
Low vola- 10,500 0.06 0.0001 0.23 0.24 0.0002 0.47 14
tilicy
High vola- 19,000 0.11 0.0001 0.08 0.08 0.0001 0.17 10
tilicy
Irgn Ore
Utah Ore Fines 2,000 0.04 0.003 0.78 0.25 0,004 1.0 21
Coarse Ore, Bed 3,000 0.10 0.0006 0.37 0.20 0.0009 0.58 23
¥o. 1
Coarse Ora, 37,000 0.07 0,0003 b/ 0.60 0.000S Q.60 21
Blast Furnace
Clean-up Ore 3,500 0.04 0.0004 0.37 0.20 0.0006 0.57 12
Blended Ore beds 16,000 1.16 0.0005 B/ 0.05 0.0001 9.05 2
Stops Materials
Reclain Limestone 6,500 0.03 0.0004 0.06 0.10 0.0006 0.16 2
Fine (screened) 16,250 0.07 0.0004 0.06 0.10 0.0006 0.1 6
Limestone
Fine Limestone 3,000 0.02 0.0004 0.06 0.10 0.0006 0.18 2
Limestone 31,750 0.13 0.0004 0.03 0.10 0.0006 3.13 3
Fioe (screened) 5,500 0.02 0.0004 0.06 0.10 0.0006 0.16 2
Dolomite
Fiae Dolomitce 1,500 0.01 0.0004 0.06 0.10 1.0006 1
Dolomite 3,000 0.04 0.0004 0.03 0.10 2.0006 3
Migcellaneous
Petroleum Coke 5,000 0.03 0.0006 0.04 0.04 0.0009 0.08 1
Fine Coke Braeze 7,000 0.08 0,004 0.29 0.15 0.00¢ 0.46 18
Coke, Blast Furnace 9,000 0,03 0.002 b/ 0.05 0.005 0.05 1
Sinter, Blasc 1,250 0.02 n.002 b/ n.05 0.205 0.03 1
Furnace
Flue Dust c/ .03 0.0005 0.s58 0.93 0.0008 1.5 =3
Total 185,750 2.07 210
a/ Obtained from plant persoanal.
b/ Deterained negligible.
¢/ Data not available.
*

All emissions are based on particles less cthan 30 microns in diameter.
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Methods of loading out (reclaiming) materials from the storage piles at
Plant 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
Climatic Atlas 3L/ 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 érodibility, 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 4-14. PLANT C: STORAGE PILE CORRECTION PARAMETERSE/

— thct-;.v‘
Mean Percentage Duration loader
S{lt Moisturs Wind wind spee Dry days of 4/ capacity .
Macerial {n  Coatent content?’ (B0 gpeedS! u 12 oph®’  per year®’  storaged (cu. yd) Activity factor®
gtorage [¢A) LI, L.Q. {mph) (€3] (days) (days) L.l L.0 L.I. T, W.E. L.Q0.
Coal
Low vela- 5.8£/ 8.6 6.9 8.6 24 295 80 6 ] 1.0 0.5 1.9 1.0
tilicy
High vola- 21/ 8.6 6.9 8.6 24 295 60 6 6 1.0 0.5 1.0 1.0
ciliey
Iron Ore
Ove figes 18.8¢/ 4.0 3.2 3.6 24 295 18 6 6 1.0 0.5 1.0 1.0
Coarse ore 9/ 6.0 4.8 8.6 24 293 30 [} 6 1.0 0.5 1.0 1.9
Coarse ore, se/ 6.0 4.8 8.6 24 295 180 10 10 1.0 ¢ n.5 1.0
blast furnace
Cleap-up ore 9e/ 7.1 5.7 8.6 24 295 30 & 6 1.0 0.5 1.9 .0
Blended ore 1578/ 8.2 8.2 8.6 2 295 5 g g 1.0 0 1.0 0.2
beds
Stone materials
Reclain limescone 1.5%/ 3.0 2.4 8.6 2% 295 90 [} 5 1.0 0.5 1.0 1.0
Fine (screened) 1.5¢/ 3.0 2.4 8.6 24 295 90 6 6 10 0.5 1.0 1.9
limestone
Fine limestone 1.8/ 3.0 2.4 8.6 24 295 90 [ 6 1.0 2.5 1.0 1.0
Fine (screened) 1.52/ 3.0 2.4 8.6 24 295 90 [} -] 1.2 0.5 1.2 1.2
dolomite
Fine dolomics 1.51/1 3.0 2.4 3.6 24 2935 30 6 & 1.0 2.3 1. 1.0
Linestone 1.51"/ 3.0 2.4 8.6 24 295 90 g/ ] 1.0 2,25 1.2 1.0
Dolomite 1.58° 3.0 2.4 8.6 24 295 90 g2/ ] 1.0 0.25 1.0 1.0
Miscallaneous
Petroleum coke 18/ 2.0 1.6 3.6 24 295 60 6 6 1.0 2.3 e 1.2
Fine coke breeza e/ 2.0 1.6 8.6 24 295 30 L] 6 1.0 0.5 1.3 1.0
Flue dusc wt! 8.0 6.6 B.6 24 295 90 6 ] 1.0 0.3 1.y L.
Coke, blast furn. 1.5%&/ 1.0 0.8 8.6 24 29% 90 10 10 1.0 0 7.5 1.2
Sinter, blast fum.l.SE./ 1.0 6.3 8.6 24 295 90 10 10 1.0 0 2.5 0L

a/ L. I. = load-in, T.

b/ All moisture values

= traffic, W.E. = wind erosion, L.0. = load-out.

are assumed by MRI based on limited field measurements.

¢/ Obtained from Climatic Atlas.d/

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.
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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%

4-27



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 having higher than average traffic volumes.

Correction Parameters--

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
road surface material was assumed. Average vehicle speed was estimated by
plant personnel and the number of drY/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)

0

Iron ore pellets: K 0.25
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I

Coal: K 0.25

Large stone: K = 0.25

The coke breeze and screened stone storage plles 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 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 = 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.él/ These correction factors are given in Table 4-19.

4.4.3 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.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
93.22/ 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. PLANT D: SUMMARY OF OPEN DUST SOURCE EMISSIONS

Ma jor dust contributors

Suspended particulate Percentage
emissions (tons/yr) of total
1. Unpaved Roads 1,280 68
2. Wind erosion - 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

CONTROL 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 manufacturerse.

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

Steel Making Furnaces

Electric Arc Furnaces (charging, tapping, slagging and leakage)

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

Hot Metal Transfer

Teeming

Other Sources

e Gas Cutting Operations
e Sinter Plants
e« 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.
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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 unifomm
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 objectivess The
most cost-effective control strategy for a particular plant entails the appli=
cation of the most efficient controls to the largest contributing sources.

5.1 ELECTRIC ARC FURNAGES

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 sourcee. 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-
itye 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 pm in diameter) will
escape the building monitor and impact the ambient air quality off the plant
premisese. ’

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 reporte

S5els1 Option A: Building 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 cannot 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 Applicatione=-

Currently, the use of building evacuation systems for EAF emissions is
documented for four alloy steel producing 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 + Canopy Hood + Closed Carbon Primary,
scavenger duct Fugitive
at roof
DSE + Building Evacuation Closed Carbon Primary,
Fugitive
Canopy Hood Open Alloy Primary,
Fugitive
Canopy Hood + scavenger Closed Alloy Primary,
duct at roof Fugitive
Building Evacuation Closed Alloy Primary,
Fugitive
Total Enclosure Open Carbon Primary,
Fugitive
Tapping and slagging Open, 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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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 environment affected by the flow
rate of a building evacuation system are temperature and pollutant concentra-
tionse Pollutant concentrations in the workroom environment 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 kw=hr of electric energy per ton of furnace capacitye. 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 furnace capacity only requires
18.9 kw/hr per ton of furnace capacity.éé/ 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 environmental 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 undex
natural ventilation conditionse. This will reduce the in-shop air quality while
improving the ambient air qualitye.
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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 furnacese. Flow rates were found to
range from 3,300 dscfm/ton of furnace capacity to 4,200 dscfm/ton of furnace
capacity~§§/ 1t was suggested that 5,000 dscfm/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 94% efficient,§§/
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 ducting. 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 Cost==-

Data have been published§2/ estimating the cost of a building evaucation
system for a shop with three 100-ton furnaces. At 5,000 dscfm/ton of furnace
capacity, the fabric filter removal system was estimated to handle 1.5 mile
lion scfme 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.ﬁQ/

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 determination 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-
mentatione.
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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 10% scfm)

Infla-
June 1973 tion December 1976
Investmentd/ cost (3) 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 silo 19,800 28,800
Rotating drum rotary
valve w/drive 68,100 99,200
Canopy 90,600 -lzgg'—g 132,000
Blower w/drive 419,000 ‘ 610,300
Electric vibrators
w/drive 1,000 44,400
Subtotal 650,200 947,100
Ductwork, utilities
Ductwork 738,200 208.3 1,075,300
143,0
Piping 1,800 237.4 2,800
15147
Instrumentation 176,500 198.7 238,700
146.9
Electrical 786,000 153.4 1,146,100
105.2
Lighting 262,000 L33e4 382,000
105.2
Subtotal 1,964,500 2,844,900
Engineering, overheads, etc.
Engineering 366,800 133e5 433,800
129.8
Indirects 412,600 - 412,600
Start-up 91,700 - 91,700
Spare parts 45,800 - 45,800
Contractors fee 59,600 177,90 67,800
15546
Subtocal 976,500 1,051,700
Total 5,561,100 7,713,100

a/ There are other important capital investments such as building

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



54142 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 (c) 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 source. 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 systemse.

Extent of Application=--

There are nine separate operating installations documented as having
canopy hood systems.§§4&l These 12 systems represent 25 to 30% 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 handle 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 installatione.

Control Device Performance=-

Actual flow rates for canopy hoods have been measured in a range from
1,500 to 8,000 dscfm/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%.42/ 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 fur-
nace (assuming 1007 capture) and the dust captured by the canopy.

Control Device Cost==~

The total capital investment for a canopy system is sensitive 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 presented. The first new system to be considered here handles a flow
rate of 440,000 scfme%43/ 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 system. 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 utilities was $2.70 scfm.

The last system to be considered is capable of flow rates of 2,100,000
acfm. 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 5-5.

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.

5«le3 Option C: 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 applications,
but it has been successfully applied to EAF's by Obenchain Gorporation. The
enclosure captures all charging, meltdown and refining emissionse 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 SYSTEMS2/ (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
141.8

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)

——a_—-———_*—'—————_——__—_—_——__—'_——_——__—

April 1975 Inflation December 1976
Investment cost ($) multiplier cost ($)
Dust collector
Baghouse
Concrete work 3,198,000 2123 3,521,000
Auxiliary ducts, feeders 193.0
Auxiliary equipment
5 Fans and accessories
1 Motor a/ 967,000 212.5 1,719,000
Concrete work 193.0
Dust conveying system 259,000
Pelletizing unit 335,000
Hoods and ductwori
Ductwork=-original $1,900,000
Ductwork-modified
Hoods
Painting 1,016,000 208.3 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
Additions 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
166.6
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

a/ Bought only one motor since four were oa 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 for=
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 fur=
naces. 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 investigatione
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 costse

Control Device Performance--

The specific enclosure surveyed is made of unlined, 1/16-in. steel sheet-
ing. Installation time was approximately 2 weeks per furnace 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 1007 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.

Control 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 tape
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-=-

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 hood. 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.

Control Device Cost-=-
The costs of tapping ladle hoods are unknown at this time.

5¢l¢5 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 applied. 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~
kete While the bucket is resting on the furnace, the duct from the bucket can
be comnnected with a mated stationary duct. This stationary duct can be vented
to the main gas cleaning system. Plants are considering the technique, but
as yet no one has installed this option.

5.146 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_EéF 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.

5.2 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 bins.
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 coste. The secondary emis-
sion control techniques to be discussed in this section are (a) monitor
enclosing, (b) canopy hoods, (c) total enclosures, and (d) novel uses of the
primary hood for fugitive emissions control.

5421 Option A: Monitor Enclosing

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 Applicatione-

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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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 