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ABSTRACT

The capital and operating costs are determined for equipment
to contrel air pollution from all significant emission sources in
an integrated steel mill. The facilities of every integrated
steel mill in the United States are tabulated. Control costs are
examined as a function of increasing stringency of control.

State and local air pollution regulations applicable to steel
mill processes are presented for all jurisdictions in which
facilities are located. The calculation of control costs is de-
scribed as a function of design parameters such as flow, tempera-

ture, and efficiency.
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SECTION 1

INTRODUCTION

The integrated iron and steel industry is a major contrib-
utor to air pollutant emissions in the United States. It is
estimated that 14 million tons of particulate matter was emitted
from iron and steel production processes in 1971.  Since that '
time industry operators have installed millions of dollars worth
of air pollution control equipment and have phased out many open
hearth furnaces that lacked control equipment. Still many
facilities do not meet the requirements of the applicable state
implementation plan (SIP).

The U.S. Environmental Protection Agency (EPA) has primary
responsibility for enforcing the mandates of the Clean Air Act.
The environmental problems posed by the iron and steel industry
and the costs of achieving effective control are of major concern
to the EPA. This study is designed to evaluate the integrated
iron and steel industry with respect to compliance with appli-
cable air pollution regulations and the costs of full compliance.
The study provides an estimate of the capital and operating costs
of controlling emissions from the various processes. These are
study estimates (x35 percent precision) and will be used in
another study that EPA is conducting to determine the economic
impact of environmental regulation of the industry as a whole.

This study does not address the costs of water'pollution
control, per sé, but does consider the water treatment necessi-
tated by installation of air pollution control equipment. For
example, where a scrubber is installed, a clarifier and recircu-
lating system for control of suspended solids is included as an
inherent part of the air pollution control system. The blowdown
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from such a system might, in addition, require treatment for dis-
solved compounds. Costs of such secondary treatment are not
included. o

In this study compliance with current state implementation
plan (SIP) regulations as of late 1977 was determined on the
basis of information provided by EPA regional office personnel.
Compliance is a complex legal issue; in this study, an emission
source was considered to be substantially in compliance with SIP
regulations if an appropriate control device had been installed.
The cost to achieve SIP-compliance was deemed to be zero for
these sources.

1.1 BACKGROUND

Various studies have been conducted’to determine the costs
of air pollution control in the integrated iron and steel in-
dustry. Most of these have provided cost estimates on a broad
acgregate basis. This study represents a departure from earlier
work with respect to the scope of emission sources considered,
the detail in which cost estimates are developed, and the devel-
opment of a computer model that can calculate control cost for
any size of plant. The reader of this report is assumed to have
a general familiarity with the steel industry and steel proc-
esses. Background information can be found in many publications,
a few of which are referenced herein; e.g., Section 1, Reference
1; Section 2, References 13, 17, 28, and 45; and Section 3,
Reference 1. '

The technologies defining RACT, BACT, and LAER in this
report were selected, in part, to examine a wide range of alter-
natives. As such, they should not be interpreted as representing
Agency policy because appropriate technology definitions are
continually evolving; Furthermore, it should be noted that
various steel plants have site-specific control requirements
that are not intended to be addressed by this study.



The overall methodology, which is described in detail in the

following sections, can be summarized as follows:

(-]

‘The emission sources to be considered are defined in

general ([Production Process Subcategory Emission
Sources (PPS-ES)].

The specific number of these emission sources is
defined (the census or inventory of emission sources).

The control technology and resultant emission rate
needed to achieve three degrees of control are defined.
The three degrees of control are:

Reasonably Available Control Technology (RACT)
Best Available Control Technology (BACT)
Lowest Achievable Emission Rate (LAER)

Appendix D contains the emission factors and control
technology definitions for RACT, BACT, and LAER.

The control required for compliance with typical state
regulations is characterized as either RACT, BACT, or
LAER, depending on the strictness of the state imple-
mentation plan (SIP). SIP therefore is not a separate
control level. The current SIP's do not address many
of the fugitive sources considered in this study except
in terms of visible emissions or opacity and general
prohibitions against air pollution. The SIP control
level in such cases is assigned RACT, BACT, LAER, or

_uncontrolled based on engineering judgment and inter-

pretation of the regulations.

Control equipment modules are defined. These modules
are either individual pieces of equipment, complete
control systems, or control subsystems. Examples are
a fan module, a coke oven gas desulfurization plant
module, and a water pumping subsystem module.

A cost function is developed for each module. The
function describes the cost of the module, given
values for the relevant size parameters.

These module cost functions are programmed into a
computer model with supporting calculations including
operating cost. .

The relationships between emission source capacity and
physical size are determined and are programmed into
the computer model. ’



° The combination of modules required to achieve each
level of control at a small, medium, and large source
is determined and entered into the model.

- e The system cost function for each control level is de-
termined as y = AxB where y is cost and x is capacity.

° ‘The number of emission sources requiring additional.
control to meet SIP regulations is based on information
provided by EPA Regional Offices.

1.2 SCOPE

The plants included in this study are the integrated steel
mills operating in the United States as of December 1977. They
are listed in Table A-~l, Appendix A. To be considered as inte-
grated, the plant must include blast furnace and steelmaking
operatiohs. Some plants have no coke facility and purchase coke
from an outside supplier. In such cases the coke plants of these
outside suppliers are not included.

The plant ID number consists of the number of the Air
Quality Control Region (AQCR) in which the plant i1s located
‘followed by a two-digit number based on alphabetical order.

The emission sources considered in the study are numbered
according to a production process subcategory (PPS), following
the scheme used in a report on the steel industry prepared by
‘Arthur D. Little, Inc., (ADL).l Emission sources (ES) within a
process are then numbered consecutively. The resulting code is
-.called a PPS-~ES number. Although this numbering scheme is some-
.what cumbersome, it was developed to retain the original ADL
codes for consistency. The ADL codes are product-oriented, and
Athe emission sources are process-oriented. Thus a situation may
arise wherein, for example, PPS-ES 14-1 and 16-1 are equivalent.
In this example, the PPS of 14 represents "primary breakdown to
blooms"™ and 16 represents “"primary breakdown to slabs.” The ES
however is "l-soaking pits.” The emissions are a function of
fuel used and of firing rate and are independent of the product
being made. Soaking pits in one plant therefore may be: labeled
as 1l4-1, and a duplicate set of socaking pits in another plant

could be labeled 16-1.
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The definition of each PPS-ES considered in this study fol-
lows. (Note that the pollutants considered for each PPS-ES are
shown in parentheses.)



PPS-ES

1-1

2-1

2-3*

3-1

4-1

Definition

Ore Yard - Fugitive Wind Losses (TSP)

-‘Fugitive emissions arising from the ore yard either

from windblown emissions or material transfer asso-
ciated with the ore yard. This source includes mate-
rial unloading and loading from ships, cars, or trucks:
transfer at the trestle or onto conveyors; and transfer
of sinter after leaving the sinter plant.

Coal Unloading (TSP)

Windblown emissions from coal piles and coal ﬁnloading
by whatever means. This source is separate from coal
preparation (2-3) because most mills receive and store
coal independently in facilities physically separated
from coal preparation..

Transfer Points - Coal Handling (TSP)

Emissions from all transfer points in the coal prepara-
tion process, pulverizing, screening, and loadout to
bunkers.

Scrap Yard

Because an earlier studyz determined that emissions
from scrap yard operations are insignificant, these
emissions are not included.

Sinter Plant Windbox (TSP, SOZ' HC)

Emissions from the sinter windbox exhaust.

Sinter Plant Discharge End (TSP)

Discharge end emissions from crushing, cooling, and
screening and from direct discharge of the sinter from
the stxand.

Sinter Plant Fugitive Building Emissions (TSP)

Emissions from internal transfer points, bins, and
mixers that are housed in the sinter plant building.

Coking - Charging (TSP, S0, HC)

Emissions: caused by charging coal into by-product
ovens.

i;
Nonsequential numbers have no significance.
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PPS-ES Definition
5-2 Pushing (TSP)

Emissions from pushing and hot car travel to the
quench station. :

5-3 Quenching (TSP)
Emissions from thé guenching operations.
5-4 Door Emissions (TSP)
Emissions from all doors in a battery.
5-5 Topside leaks (TSP)
Emissions from standpipes and lids.
5-6 Coke Oven Combustion Stacks (TSP)
Emissions from the underfire exhaust stacks.
5-7 Coke Handling (TSP)

Emissions from the wharf, crushing, screening, and
loadout of all coke products.

5-8 Coke Oven Gas (soz)

Emissions of SO2 arising from the combustion of coke
oven gas. v

5-9 Coal Preheat (TSP, HC)
Emissions from the coal preheater in dry coal charging
systems. :

6-1 Direct Reduction Unit Emissions

This PPS is omitted on the basis that only one unit is
known to be operating or planned for integrated steel
mills in the United States. The dependence on natural
gas for most direct reduction processes and the current
restrained steel market seem to rule out any s%gnifi—
cant change in this status in the near future. =3

7-1 Blast Furnace Top Emissions
Emissions from top leaks, slips, and dumping material

from the skip hoist or conveyor into the receiving
hopper. A previous study® indicates that slips are not
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PPS~-ES

7=-3

8-1

Definition

a significant source; also, it is considered that the
other items mentioned are insignificant except in
isolated local cases. This source is therefore ex-
cluded from the study.

Cast House Emissions (TSP)

Emissions from the tap hole or monkey, iron trough,
iron and slag runners, and iron spout and receiving
ladle.

Blast Furnace Slagging (TSP)

Emissions from pouring and granulating operations of

- molten blast furnace slags.

Blast Furnace Off-gas

This source is not included in this study because it is
considered to be well controlled for process and

safety reasons.

Blast Furnace Slag Processing (TSP)

Emissions arising from screening, crushing, and hand-
ling of blast furnace slag as a by-product operation.

Open Hearth Hot Metal Transfer (TSP)

Emissions from the pouring of hot metal from hot metal
ladles into transfer ladles or into mixers. ’

Open Hearth Stack (TSP)

Emissions from the open hearth stack.

Open Hearth Fugitive Building (TSP5

Emissions that escape through the building monitor from
tapping, teeming, furnace leaks, pit cleanup, and
various other operations within the building.

Open Hearth Slag Pouring

Included in 8-3.

OH Slag Processing (TSP}

Emissions from slag handling, transfer, iron reclama-
tion, crushing, and screening. The operations do not
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PPS-ES Definition
vary among the three steelmaking processes, although
the slag volume does vary. Therefore (8~5), (9-5),
and (10-5) are considered equivalent with respect to
control technology.

9-1 BOF (Q-BOF) Hot Metal Transfer (TSP)

See discussion under 8-1. No distinction is made
between top and bottom blown, i.e., BOF or Q-BOF.

9-2 BOF Stack (TSP)
Emissions from the BOF stack.

9-3 BOF Charging, Tapping, and Furnace Emissions (TSP)
Emissions from furnace when not in vertical position.
These sources, if uncontrolled, are measured as roof
monitor emissions.

9~4 BOF Slag Pouring (TSP)

Emissions from pouring molten slag onto ground within
the BOF building.

9-5 BOF Slag Handling (TSP)

See discussion under 8-5.

10-1 Electric Arc Furnace Refining Emissions (TSP)
Stack emission from control systems during entire heat
cycle.. ’

10-2 Electric Arc Fufnace - Charging, Tapping, and Slagging
(TSP)

Emissions from these sources associated with the
furnace proper, which are not captured by the primary
control system. Note that this source is zero in the
case of building evacuation, and all emissions shift to
PPS-ES 10-1.
10-3 Electric Arc Furnace - Slag Pouring (TSP)
Emissions from pouring molten slag onto the ground.
10-5 Electric Arc Furnace - Slag Handling (TSP)

See discussion under 8-5.
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PPS-ES Definition

11-1 Conventional Casting (TSP)

Emissions from ingot teeming; independent of the steel-
making process.

12-1 Continuous Casting Billets (TSP)
13-1 Continuous Casting Slabs (TSP)

Emissions from ladle, tundish, and casting unit for
both types of product. There are no significant
differences between these two PPS with respect to the
nature of emissions or type of control device, and they
are treated equally. Emissions depend on the tons of
steel cast, not on the shape of the product.

14-1 Primary Breakdown to Blooms (Soaking Pits) (TSP, SO,)
l16-1 Primary Breakdown to Slabs (Soaking Pits) (TSP, 802

Emissions from fuel firing for ingot heating. There
are no significant differences between these two PPS
with respect to the nature of emissions or type of
control device, if any: they are therefore treated

equally.
14-3 Scarfing of Blooms (TSP)
16-3 Scarfing of Slabs (TSP)

Emissions from automatic scarfing.

17-1 Heavy Structurals and Rails (Reheat Furnaces) (TSP, SOZ)
22-1 Hot Strip Mill (Reheat Furnaces) (TSP, SOZ)

28-1 Plate Mill (Reheat Furnaces) (TSP, SO,)

18-1 Bar and Rod (Reheat Furnaces) (TSP, 562)

Emissions from reheating furnaces for these operations.

19-1 Wire Products and Nails
21-1 Seamless Pipe, Tube
24-1 Welded Pipe:

Heating furnaces for these operations are not considered
because their impact is considered to be relatively
insignificant.

20 Cold Finished Bars

This is not considered a significant emission source
and is not included.
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PPS-ES

23

25-1

26

27

Definition

Pickling and 0Oiling

‘The only significant emission from this operation is

HCl1 fume, which is not included in this study. It is
assumed that pickling fume collection is a part of the
process and not an add-on control feature.

Cold Reduction and Finishing - Annealing

Process exhaust gas from both batch and continuous
annealing is considered to be an insignificant source
of pollutants and is not included.

Galvanizing

This is not considered a significant source and is not
included.

Tin Plating and Other Platind

This is not considered a significant emission source
and is not included.

Ancillary Facilities (On-site Power and/or Steam
Generation) (TSP, SOZ)

Includes boiler combustion stack emissions.

The following additional sources have been identified, but

are not included because they occur relatively rarely in inte-

grated steel plants:
Alloy blast furnaces or merchant iron blast furnaces

Lime kilns:

Forging
-Incinerators, either solid or liquid
Pelletizing processes other than conventional sintering

Pig machines

Vacuum degassing

Vacuum induction furnaces

Foundries
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SECTION 2

DEVELOPMENT OF CENSUS AND CAPACITY DATA

2.1 GENERAL

PEDCo has reviewed the following sources of capacity and/or
production data: ‘

Source

NEDS (National Emission Data System)l
2

Deily, Steel Industry in Brief: Data Book USA 1977
Betz, Study of Blast Furnace Emission Con-trol3
Industry responses to effluent guideline ("308") questionnaire
Varga, Control of Sinter Plants Using ESP4

AISI Directory of Steel Plants5

Battelle Screening Study-coking6

33 Magazine (Various news releases and articles)

AISE Magazine (Various news releases and articles)

AISI Coke Plant Data Book (By-product Coke Oven Dimensions)7
EPA Compliance Report for Steel Industry8

Evaluation of these data indicates two problems. First,
different references list different values for capacity; second,
different bases are used for capacity among the various proc-
esses. For example, heating furnaces are rated in tons per
hour, square feet of heating area, Btu per hour; and steelmaking
facilities are rated on a shop basis in tons per year or on a
furnace basis in tons per heat. No single information source
covers all the processes. Moreover, the completeness, accuracy,
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and reference years of the various information sources are
variable.

A third point of difficulty is that pure capacity values may
reflect an hourly or short-term rate of operation but not a
yearly or long-term rate. The unit capacities of many steel
mills are unbalanced; that is, various units must operate con-
tinuously and others intermittently to produce the finished
product. Finishing operations such as reheat furnaces often run
less than 7 days a week. Hot metal supply may limit effective
steelmaking capacity{ For example, although two identical BOF
shops should have equal rated capacities, one may produce 20
heats per day and the other 30 heats per day,because of differ-
ences in hot metal supply. Furthermore, a mill may operate a
facility in excess‘of "ndmeplate“ capacity because of innovations
in raw materials or methods since the facility was designed.

The values selected for capacity and/or production are
important because they influence both the cost of control and the
amount of emissicns. Furthermore, in evaluation of most control
situations, the physical size and dimensions of the facility must
be known. The relationships between physical size and capacity
of the various emission sources are discussed later.

Capacity data for this study were excerpted from the refer-
ences with priority giveg to those presenting data direct from
the industry. These include References 3, 5, 7, and 9. Other
sources-were=uséd to fill gaps in the industry-reported data.
Considerable cross-checking of data sources was done to resolve
discrepancies and develop a clean data base.

The starting point for the inventory of facilities was the
AISI Directory; other sources were used to supplement the inven-
tory. Because this project addresses specific emission sources
within a process, a simple list of sinter plants or coke plants
is not sufficient. One must consider the nature and size of the
sources within these processes. Little information is available
on ore yards, coal yards, and slag processing facilities. The
procedure for calculating the capacity of ore yards and coal
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yards is described below. Capacity of slag handling and process-
ing facilities is based on assumed slag volumes.

With this background, we now describe the specific approach-
es to defining census and capacity for each PPS-ES and also to
determining physical size.

2.2 RELATIONSHIP BETWEEN CAPACITY AND PHYSICAL SIZE

Ore Yard and Coal Yard Handling and Storage

Emissions from handling and storage of ore and coal are
conveniently discussed together because the control technique for
both consists of dust suppression by watering with chemical
additives. Depending upon material handling arrangements, some
transfer points could be hooded and vented to a baghouse.lO
These could be considered only on a plant-specific basis.

For census purposes it is assumed that each blast furnace
complex has one ore yard and each coke oven complex has one coal
yard. Although it is known that many mills have more than one
storage area, the key factors are total acres and total tons
transferred and stored. For our purpocses there is no significant
difference between two 20-acre areas and one 40-acre area.

Capacity values presented here are based on the total plant
ironmaking capacity and coking capacity. Certain calculations
are needed to translate these capacities into raw material
requirements and then into storage area requirements. The
equations, with.graphical representations, are given in Figure
2-1.

Clearly, the pile configurations and storage areas will vary
widely among facilities. 1In general, the storage density (SD)
values at larger storage facilities would be expected to be
higher because of generally larger piles and smaller amounts of
dead space.

Using these calculations, we derive the following values for
effective storage density (SD):



Calculations of Ore Yard Sizes

Consider the idealized piles:
1) == 37°

r = 100 £t

tan = = h/r - h = 75 f¢

v = 1/3(100)2

(7S) = 785,000 ft

3

let density, o, of "ore® be 120 1b/ft>

therafore, W = 47,100 tons

tons/ft? = 47,100/%(100)2 = 1.5 tons/ft? for ore

let p of coal = 45 lb/ft3

tons/ft? = 17,700/7(100)% = 0.56 ton/ft? for

Three piles as in 1) with 25f¢
spacing between:

A = 700 x 250

. 8D e 3 x 47,100/700 x 250
e 0.81 ton ore/ft’
= 0.31 ton coal/ft?
Figure 2-1.
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coal
2) V=1/2 bhl e« = 37°
h=b tan /2= 37.7
v = 1/2(100) (38) (200) = 380,000 ft>
at o = 120, tons/ft? (for ore) = 1.1 o
ato = 45, tcns/ftz (for coal) = 0.4 100
Consider effective storage density (SD).
Pour piles as above spaced
25 fest apart 25
T =T T T
A = 525 x 250 = 131,250 : : } !
1 1 |
§0 = 0(120)(380‘000)/131'250 25 \ 25 : 25 : 25 : 25
_ : : i l |
2 I l 1 l
= 0.69 ton ore/ft 25
2
= 0.26 ton coal/ft STORAGE AREA

Material storage area reguirements.




Ore Coal

0.69 0.26 effective density, pyrimidal piles

0.81 : 0.30 effective density, conical piles

It is reasonable to choose the average of each of the two
values as an estimated value for effective storage density.
Reference 10 yields a value of 0.82 ton/ft2 for ore storage
density. This value, applicable to a plant capacity of 5,000,000
ingot tons/yr, compares reasonably well with our calculated
average value of 0.75 ton/ftz. No other references were found on
the matter. Given the value of effective storage density, one
can use the following procedure to calculate the required storage
area as a function of hot metal and coking capacities.

Assume that 2 tons of ironbearing raw materials and fluxes
are required to make 1 ton of hot metal and that a 3-month supply
is kept on hand. The ore yard storage area required is therefore
egual to:

annual hot metal capacity x 2
4 x effective storage density

Assume the yield of coke from coal is 70 percent and that a
3-month supply of cocal is kept on hand. The coal yard storage
area required is therefore equal to:

annual coking capacity
0.7 x 4 x effective storage density

Storage areas are determined in this manner in the computer cost
program. The area calculation is used to determine the number of
spray towers and length of piping in dust suppression systems.
The quantity of material stored controls both the emission rate
and the amount of spraying and chemical dust retardant required.

Coal Handling and Crushing

Virtually no data are available on specific handling and
crushing facilities. We therefore make the following assumptions:



° The census basis is one coal handling and crushing
facility per plant site. The exceptions to this are
plants with capacities above 8000 tons coal/day. For
these plants, we assume one facility for every incre-
ment of 8000 tons coal/day capacity. The 8000-ton
figure is based on the coal-carrying capacity of a 60-
in. belt. (In general, the belt capacities shown below
are used for sizing conveyor transfer point hooding
systems) . -

° The control system assumes four transfer points sized
according to coal handling capacity, with the belt
sizes shown below. Exhaust rates are based on standard
ventilation calculations for hooded transfer points.ll1l,12
The coal crusher is assumed to be completely enclosed
and ventilated. :

CONVEYOR BELT CAPACITIES*

Belt width, in. 18 30 42 60
Coal, tons/h 28 79 162 345
Ore, tons/h 70 ‘ 198 405 863

Sinter Plant Windbox, Discharge End, and Fugitive Building Emissions

The census basis for these sources is one sinter plant
building. Tabkle B-1l, Appendix B, lists the sintering plants
considered. Plants that were shut down prior to 1978 are not
included. One control device is assumed per building for windbox
control, regardless of the number of strands. One control
device per building is used for discharge-end control, and
discharge-end hooding and ducting is based on one strand.

Control of fugitive emissions, i.e., at material transfer points,
is based on five transfer points per building.

Flow rate required for the windbox can be calculated from

13 To relate this

Figure 2-2, excerpted from the ADL study.
eéuation to capacity, we must determine the relationship between

grate area and capacity (Figure 2-3). Using Figures 2-2 and

*
Marks, Standard Handbook for Mechanical Engineers 7th Ed.,
McGraw-Hill.
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2-3, we can determine the flow rate as a function of capacity.
Flow required for control of sinter discharge emissions is ex-
cerpted from Reference 13 and illustrated in Figure 2-4.

Flow rates for enclosed transfer points are based on stan-
dard ventilation calculations for enclosed conveyor transfer
points and are illustrated in Figure 2-5.

Coking Charging

The census basis for this source is a coke oven battery.
The list of coke plants considered is shown in Table B-2.

Larry car sizing is based on oven volume. This means that
cost is proportional to oven size rather than capacity per se.
Table 2-1 illustrates the relation between various coke oven
parameters used to translate physical size into capacity. The
control cost includes providing a steam supply to the battery for
aspiration during charging and a smoke seal arrangement for the
'leveling bar and chuck door. It is assumed that existing larry
cars can be modified to achieve RACT control but that a new car
is required to achieve BACT and LAER control.

Coking Pushing

The census basis is a coke oven battery. One enclosed hot
car is used per battery. The basis of sizing is tons per push.

Flow rate for enclosed hot cars is assumed to be a constant
of 75,000 acfm. Energy requirement is not calculated in kWh as -
with other flows, but rather as 0.95 gal No. 2 fuel o0il per ton
of coke because this mobile equipment carries its own generator
and water heater.“'15 Although a particular design of enclosed
hot car is used for costing, the concept is applied in many
variations that are equally effective.

Coking Quenching

The census basis is one guench tower per 2500 tons coke/day.
No data are available on the actual number of quench towers, but
control costs are relatively low with baffles and such an assump-
tion will not introduce significant error into the aggregate

2-9
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Table 2-1. RELATIONSHIPS OF SIZE AND OTHER
" PARAMETERS, COKE OVEN BATTERY )

Oven height, meters

Basis: 50 ovens 3 4 62 6b

oven volume, ft> 540 720 1390 1390
Tons coke/push 8.5 |. 12.0 25.0 25.0
Coking time, h 17.5 17.5 |. 17.5 12.5
Pushes/day | _ 68.6 68.5 68.6 96
Tons -coke/day 583 823 1715 2401
Tons coke/year 213,000 {300,000 |626,000 876,000

2 Conventional battery
b Preheated coal battery
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cost., Operating cost for clean quench water is based on water
usage of 150 gal/ton of coking capacity independent of the number
of quench towers. For dry quenching, maximum system size is 6000
tons/day of coke. With dry quenching, an enclosed hot car is not
required for pushing emissions control because a similar device
is part of the dry quenching system.

Door Emissions

The census basis is the coke oven battery. Control is
.either by additional manpower or addition of cleaning equipment.
It is particularly difficult to assess current compliance status
for this emission source and also to generalize as to suitable
control requirements. Control costs for RACT are based on addi-
tion to the workforce of two maintenance men per shift per bat-
tery. For BACT and LAER the cost of door cleaning equipment is
added. Some batteries may require additional steps beyond this
to achieve control, such as replacement of doors and jambs.

Topside Leaks

The census basis is the coke oven battery. No control
equipment is used for topside leaks. Costs of control are
strictly operating costs based on one additional man per shift per
battery to control topside leaks. This does not include main-
tenance and supplies such as new lids, new standpipes or standpipe
caps, major grouting, or other items required for good mainten-

ance. It covers only manpower for "polishing" duties.

Combustion Stacks

The census basis is one coke oven battery. Flow rate is
determined from the coking capacity according to the following

calculations:

Assume 11,000 ft3 coke oven gas/ton coal
Assume 40 percent used to underfire

Products of combustion = 7.9 ft3/ft3 gas at 50 percent
excess air.l1l6

11,000 x 0.4 x 7.9

Exhaust flow rate at 50 percent excess air
34,800 ft3/ton coal

2-13



The control technology specified is electrostatic precipitors.
On a new battery, with a suitable maintenance program the emis-
sion llmltatlons for BACT and LAER may be met without the need
for a control device.

Coke Handling

The census basis is one coke plant faciliiy. No further
distinction is made because of the relatively small magnitude of
this source. Four transfer points and a hooded screen constitute
the control system, and flow rate is calculated from standard
ventilation design values..

Coke Oven Gas Desulfurization

The entire cost of coke oven gas desulfurization is included
in this source category. Cost for desulfurization is therefore
not included with the boiler source or other fuel-burning sources.
The control system cost is based on a Sulfiban system with a Claus
sulfur recovery plant and HCN destruction.

Coal Preheating

The entire cost of pipelihe charging, including coal pre-
heating, is considered as a process cost, because any prorating of
costs between process factors (production, replacement) and air
pollution control would be arbitrary. Only the scrubber on the
coal preheatér exhaust is considered as an air pollution control
cost. Flow rate for the scrubber on the preheater is determined
from the factor 8900 scf/ton coal. '

Cast House Emissions

The census basis is the number of blast furnaces, as shown in
Table B-3. The number of blast furnaces in the United States is
given by various sources as follows:

2-14



Source Number Comment

. 5

AISI Directory 186 Integrated plants only.
Complete data on working
volume. '

3
Betz Report 151 Not all companies reported.
1976 AISI_Statistical
Summary17 192 114 active as of Jan. 1, 1977.

Deily? 189

308 Survey9 152 Accuracy of response
unknown.

EPA Compliance Report8 169

Some of the differences are due to inclusion of ferroman-
ganese or fcundry furnaces, but most can be attributed to the
various degrees of completeness or accuracy of the reports,
including interpretations of whether a furnace is "down," "in-
active," or "retired." Although the AISI values of 186 or 192 are
likely the most accurate regarding existing furnaces, examination
of Table B-3 shows 160 active furnaces in integrated mills.
Active is understood to denote that the furnace is either operat-
ing or is only temporarily down for maintenance or economic rea-
sons.

Three control schemes are considered. The RACT scheme
consists of hooding the tap hole area. The BACT scheme includes
runner covers in addition to tap hole hooding. The LAER scheme
is building evacuation. Reference 3 discusses control of cast
house emissions at length and presents suggested designs. Among
U.S. blast furnaces the configuration and dimensions of runners,
number of spouts, and other cast house features are highly vari-
able and are not necessarily a function of furnace size. There-
fore, the sizing of trough hooding and runner cover systems is
based on representative dimensions. Furnaces over 60,000 ft3
working volume are assumed to have two tap holes and therefore
two capture systems. Flow rate for the trough area exhaust is

based on 420 acfm per square foot of exhaust face area. This
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results in flow rates on the order of 200,000 acfm at 175°F for
a medium size furnace. An additional 200,000 acfm is used for
runner cover exhaust. The design of cast house emission controls
in this country is still developmental, and flow rate regquire-
ments are a major issue. Selection of a design value is impor-~
tant because flow rate influences both capital and opefating
costs. Also, because the industry operates more cast houses than
any other major facility, cost errors in an individual system can
become magnified in the aggregate. The problems of cross cur-
rents and the impossibility of close hooding in existing cast
houses are the main causes of the high flow rate.

The flow rate required for building evacuation is based on
cast house volume. Figure 2-6 is a plot of cast house volume
versus furnace working volume, based on data from Reference 3.
Capacity is related to furnace working volume according to
Figure 2-7., The flow rate for total building evacuation is based
on 60 air changes per hour. Consequently, flow rate in acfm is
equal to building volume times 1.2 to adjust for a temperature of
175°F. References 3 and 18 raise several issues regarding oper-
ating and maintenance feasibility of runner covers and tap hole
hoods. In the operating cost calculation, we attempt to recog-
nize the severe conditions existing in a cast house by assigning

appropriately high maintenance costs.

Blast Furnace Slagging Emissions

The inventory basis is one blast furnace; one control
system per furnace is assumed. The basis for calculating emis-
sions is tons of hot metal capacity, slag being a function of hot
metal according to the factor 500 1lb slag/ton hot metal. The
emissions are those occurring at the furnace area from the water
quenching or granulation of slag. A hood and stainless steel
scrubber comprise the control system with flow rate estimated as:
65 acfm/ton of hot metal/day. Specific'data on slag processing
methods or the emissions and related control devices are sparse.
This source does not include emissions from processing of cooled

19

slag, such as crushing and screening.

2-16



CAST HOUSE VOLUME, ft’

1,000,000 T T | T T ‘
900,000 .
800,000 ° -

FLOW RATE FOR CAST HOUSE 'Y
700,000 |- EVACUATION EQUALS CAST HOUSE o -
VOLUME X 1.2 IN ACFM AT 175°F ®
600,000 |- {60 AIR CHANGES/HOUR) ® B
500,000 |- -
400,000 |- i -
« 3 426 Wy - 085
300,000 | CHY = 3.426 WV |
200,000 I~ -
°
RAW DATA FROM REF. 3

100,000 1 d 1 1 111

10,000. 20,000 30,000 40,000 50,000 | 70,000] 90,000

, 60,000 80,000 100,000
WORKING VOLUME , ft3

Figure 2Z-6. Cast house volume as a function of
furnace working volume.



81-2

ANRUAL CAPACITY, -millions -tons/yr

2.0 ANNUAL CAPACITY = Y = 0.023 (x) - 0.25

. g

2.2 ' , *

=
.

-

T

‘06"’
»
a4

1.2

4
*

'S S P S 3
)
[
S |
i
.‘ ™ ‘
[}
2} |
]

1 g 1 L [l i i [ i (] . W

10 20 30 40 50 60 70 80 90 100

X = WORKING YOLUME, thousands ft’

Figure 2-7, Blast furnace capacity vs. working volume.



Blast Furnace Off-gas

All off-gas is assumed to be contained in the gas cleaning
system, and top emissions from slips are assumed to be an insig-
nificant source on an industry-wide basis. Because it is assumed
that this source is controlled for process and safety reasons, no
air pollution control costs are assigned. The outlet loading of
cleaned blast furnace gas is assumed to be 0.005 gr/scf. No
control therefore is considered for stove stacks.

Blast Furnace Slag Processing

One slag processing facility is assumed per plant site,
sized to crush and screen the total slag production. Many plants
do not process the slag but dump it as solid waste. Although
processing is usually done by an outside firm, costs of control
are considered to be steel industry costs. It is assumed that
slag is cooled before processing and therefore hooding and exhaust

to a baghouse constitute the control scheme.

Steelmaking Furnance Configurations

For all steelmaking categories, the configuration of furnace
size and numbers of furnaces for a small, medium, and large shop

is shown below:
Size designation

Steelmaking method Small Medium Large
BOF: angual production, 1.61 2.70 3.78
10° tons/yr
No. furnaces/heat size, 2/150 2/250 2/350
tons
OH: annual production, 1.17 2.28 3.39
108 tons/yr
No. furnaces/heat size, 10/120 10/240 10/360
tons :
EAF: annual produétion,' 0.1 0.47 1.13
106 tons/yr
No. furnaces/heat size, 3/20 3/80 3/200
tons
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Steel Slag Processing

For all three steelmaking processes, one slag process facil-
ity per plant site is assumed. The control system consists of
three hooded transfer points and a hooded screen. The flow rate
required is based on standard engineering calculations (see
Appendix C). Although slag processing is normally done by an
outside contractor, the costs of control are considered herein as
steel industry costs.

Open Hearth Hot Metal Transfer, Stack, and Fugitive Emissions

These sources are conveniently discussed together because
the census basis for all three is the open hearth "shop" or
building. Appendix Table B-4 lists the active shops considered
in the study.

For the open hearth sources, only RACT levels of control are
considered feasible. It is assumed that no new open hearths will
be built,

The basis of control of hot metal transfer emissions is a
hood with flow rate sized according to Figure 2-8 (derived from
Reference 13). It is assumed that these relationships, although
derived for BOF reladling operations, apply also to open hearth
reladling. One reladling station per shop is assumed.

For control of stack emissions, it is assumed that all
furnaces are vented to a common control device. Although some
shops are known to control individual furnaces, this study does
not consider site-specific factors. The flow rate basis is that
presented in Figure 2-9 (also derived from Reference 13).

No control is considered for fugitive furnace emissions
. during charging, refining, and tapping. It is assumed that
eventual replacement of open hearth facilities with basic oxygen
or electric furnaces will be the ultimate control for these

fugitive emissions.

BOF Emissions

The census basis for BOF emissions sources is the BOF shop
and the number of furnaces. BOF shops considered are shown in
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Appendix Table B-5. For source 09-3 charging and tapping emis-
sions, a hooding or enclosure is included for each furnace, but
the control device is common to all furnaces. For source 9-02,
refining emissions, some shops have separate control devices for
each furnace, but this project assumes one control device per
shop for stack (refining) emissions for open-hood control. For
closed-hood (suppressed combustion) systems, one control device
is assumed for each furnace.

The flow rate basis for hot metal transfer is Figure 2-8.
The flow rate basis for stack emissions is shown in Figure
2-10. A higher flow rate is applied to open hood systems, and a
distinction is made between scrubbers and ESP's.20 Open hood |
systems (RACT) are sized to handle two furnaces operating simul-
taneously in both two- and three-furnace shops. For BACT con-
trol, it is assumed that separate closed hood systems are re-
guired for each furnace and, therefore, a distinction is neces-
sary between two- and three-~vessel shops. O0Only the two-vessel
shop case is calculatéd. Flow rate for the closed hood is based
on a factor of 488 times the heat size in tons and is derived
from data in References 10,23,21,22. For comparative purposes
Figure 2-10 includes curves based on the data in Reference 13.
The agreement is fairly good considering that Reference 13 is
based predominantly on two-vessel shops with open hood systems.

The flow rate basis for 09-3 sources is determined from
analysis of literature references and engineering judgment,
depending upon the scheme used for capturc=:.20’24-28 Flow rate
for a furnace enclosure is calculated as 1000 acfm times heat
size. Flow rates for hooding of source 09-5 slag crushirg and
screening are based on standard engineering calculations for
conveyor transfer points and canopy hoods. One slag processing
facility per plant is assumed.

The scheme for BACT and LAER control of slag pouring and
cleanup consists of hooding the slag pouring area in the steel-
making shop and venting the emissions to a baghouse. Flow rate
is estimated as 200,000 acfm at a temperature of 150°F for a shop
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producing 1,000,000 tons per year. Flow is proportioned for
larger shops on this basis, but 200,000 acfm is a minimum flow
rate. Cases where molten slag is transported to a slag dump are

not considered.

Electric Arc Furnace Stack and Fugitive Emissions

Electric arc furnaces in integrated plants are shown in
Appendix Table B-6. When canopy hooding or total building
evacuation is used, it is immaterial to consider stack (refining)
emissions separately from fugitive emissions. The breakdown in
such cases is by type of steel produced rather than by emission
source. The control systems evaluated are shown in Figure
2-11. The flow rate basis is the sum of the heat sizes in the
shop, but the individual furnaces are considered in estimating
the equipment cost for direct shell evacuation ducting and canopy
hoods. 1In all cases, one control device is used per building.
Air flow rates are derived from Table II-l in Reference 29 and
. are presented in Figure 2-12. As can be seen from Figure 2-12,
the flow rates for building evacuation of small (<100 tons) shops
cannot be extrapolated. A lower bound, based on engineering
judgment, is shown. This bound adjustment is made for building
evacuation of small shops and reflects a ventilation rate of 24
air changes/hour and a building volume of 1,125,000 ft3 (100 by
150 by 75 ft).

Electric Furnace Slag Pouring

Control costs are calculated on the same basis as the BOF

slag pouring.

Conventional Casting

No control is considered for this emission source. The
census basis is one per steelmaking shop.

Continuous Casting

The census basis is one continuous casting machine, indepen-
dent of the number of strands. Continuous casters considered are
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shown in Appendix Table B-7. Hooding is used, and flow rate is
estimated as 175,000 acfm at 150°F based on the assumption that
both the ladle and tundish are hocoded and the ladle hood must be
located above the crane runway. bSpecial close hooding designs
with lower flow rates may be possible, but these could only be
considered on a site-specific basis. No distinction is made for
the type of shape cast.

Soaking Pits

The census basis is the number of soaking pits as shown in
Appendix Table B-8. 1In this case, control requirements are a
function of fuel usage and fuel sulfur contént. Since these
factors are highly variable by plant, no typical cost can be
calculated. An analysis of emission rates is presented in Table
2-2. The cost for an ESP installation is calculated for oil-
fired pits. Pits fired with gas require no control. Factors
relating production (throughput) to heating area and fuel usage
to production have been developed as follows: '

Assume fuel consumption = 1.3S5 x 106 Btu/ton10’22’3°'31

With oil firing at 20 percent excess air:

Exhaust rate = 1.35 x 10% Btu/ton ; 150,000 Btu/gal

3% 1871 ft3/gal
= 16,839 £t”/ton ingots heated.

With coke-oven-gas flrlng at 10% excess air 3
Exhaust rate = 1.35 x 10 Btu/ton + 500 Btu/ft
3% 6 ft /£t3 gas
= 16,200 ft /ton
Since these values are very close, the average value of 16,500
ft3/ton,was used for either fuel.
Soaking pit loading = 0.54-ton/ft2 heating area
Annual capacity = 304 x heating area

where 304 = 0.54 x 8760 h/yr x 0.9 availability
14 h/load

Automatic Scarfing

The census basis is one scarfing machine. Scarfing machines
considered are shown in Appendix Table B~-9. Flow rate is based
on the relationship shown. in Figure 2-13. Emissions are based on

tons of steel capacity.
P R 2-28
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Table 2-2. SOAKING PITS EMISSION ANALYSIS

Facility size?

Small Med ium Large
Heating area, ft2 2000 4000 10,000
Fuel usage, 106 Btu/ton 1.35 1.35 1.35
Throughput, tons/h 76 152 380
Particulate emission with
1% S oil:
1b/10% Btu 0.15 0.15 0.15
1b/h 16 31 77
lb/ton 0.20 0.20 0.20
SO2 emissions with 1% S oil
1b/h 114 228 570
1b/ton 1.5 1.5 1.5
1b/10° Btu 1.1 1.1 1.1
Particulate emissions with 50 gr
HZS/IOO scf coke oven gas
1b/10% Btu (@0.02 gr/scf) 0.006 0.006 0.006
lb/h 0.6 1.2 3.0
1b/ton 0.008 0.008 0.008
S02 emissions with 50 gr HZS/IOO
scf coke oven gas )
1b/10% Btu 0.27 0.27 0.27
l1b/h 55 5% 137
1b/ton 0.36 0.36 0.36
tons/year produced at 7000
h/year 532,000 1,064,000 2,660,000

2 These figures are for batteries of soaking pits; individual pits have less than

1000 ft2 heating area each (generally 500 to 1000).
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Reheating Furnaces

The census basis is the number of furnaces. Reheat furnaces
are listed in Appendix Table B-10. Fuel consumption is calculated
from the relationship 2.8 x 106 Btu/ton steel, a value derived

from review of the literature.l0r22:32,33,34,35

Reheat furnace calculations: 6
Assume fuel consumption = 2.8 x 10 Btu/ton

Wlth 0il firing and 20 percent excess air,
exhaust rate = 2.8 x 106 Btu/ton + 150,000 Btu/gal
x 1871 ft3/gal
= 34,925 ft3/ton slab heated

With coke-oven-gas firing at 10 percent exces§ air,
exhaust rate = 2.8 x 106 Btu/ton * 500 Bgu/ft
x 6 ft3/ft gas

= 33,600 ft> ton

Since these values are very close, use the average 34,300 ft3/ton
for either fuel.

For slab reheat furnaces, firing rate in Btu per hour can be
related to heating area by the equation:

Throughput = 0.075 ton/h per £t2,
This equation assumes 85 percent hearth coverage and represents
a maximum throughput, i.e., firing rate. This relationship is
derived from References 10 and 22.

.~ For soaking pits and reheat furnaces, assume an additional
exhaust flow of 20 percent to account for infiltration of tramp
air. This increases exhaust rates to 20,000 ft /ton and 41,000
ft /ton. Analysis of emission rates for reheat furnaces is
presented in Table 2-3. The cost of an ESP installation for an
oil-fired furnace is calculated. Gas-fired furnaces do not
require control. Reheating furnaces for finishing or heat treat-
ing furnaces for the finishing and special product categories are
not considered a significant source of emissions.

Boilers

Detailed census data on steel mill boilers are very limited.
Boilers considered are shown in Appendix Table B-1ll. The costs
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Table 2-3. LARGE REHEAT FURNACE EMISSION ANALYSIS

|
|

Furnace size

(avg throughput = 0.045 ton/h)

Small Medium Large
Heating area, ft2 500 1500 3500
Fuel usage, 10 Btu/ton 2.8 2.8 2.8
Maximum throughput, tons/h 37 110 260
Particulate emissions with
1% s 011
" 1b/10° Btu 0.15 0.15 0.15
1b/h 16 48 110
lb/ton 0.4 0.4 0.4
so, emission with 1% S oil
lb/h 115 347 810
1b/ton 3 3 3
1b/10° Btu 1.1 1.1 1.1
Particulate emissions with 50 gr
H 5/100 scf coke oven gas
lb/10 Btu 0.006 0.006 0.006
1b/h 0.7 1.9 4.5
1b/ton 0.017 0.017 0.017
SO emissions with 50 gr H 257100
scf coke oven gas
1b/10 Btu 0.27 0.27 0.27
1b/h 28 85 197
1b/ton 0.75 0.75 0.75
Tons/yr produced at 7000 h/yr
158,000 470,000 1,103,000




of particulate plus so, control are considered for a coal-fired
boiler. The cost of particulate control of oil-fired boilers to
comply with a limit of 0.02 gr/scfd is also presented. Boilers
fired with blast furnace gas, desulfurized coke oven gas, low-
sulfur oil (< 1.2 lb/lO6 Btu), or combinations thereof do not
require additional control. Obviously, the need for control
equipment on boilers is highly fuel-dependent. Boilers fired
with by-product fuel, i.e., coke oven gas or blast furnace gas,
may normally need no control. 1If the boiler is switched to oil
for a short period during shortage of by-product fuel or high
steam demand, control may be required. The wide variation in
emissions is illustrated in Table 2-4. This study does not
address the compliance complications arising from short-term fuel
switching.

Steel mill boilers have generally low firing rates compared
to utility boilers. Flue gas desulfurization systems on such
small boilers have a high cost per Btu. If there were only one
coal-fired boiler in a mill complex, fuel switching or shutdown
would have to be considered as alternatives to control.

Appendix Table C-1 summarizes the flow rates described in

this section.

2.3 CONTROL LEVELS AND TECHNOLOGIES CONSIDERED

Table D-1, Appendix D, summarizes the emission rates and
control technologies that constitute the general definitions of
Reasonably Available Control Technology (RACT), Best Available
Control Technology (BACT), and Lowest Achievable Emission Rate
(LAER) in this study. Because some detail is lost in condensing
so much information into a table, extensive footnotes are pre-
sented to provide further information on the emission rates.
Note that the emission rates are not necessarily intended to be
equivalent to generally accepted emission factors. Although some
of the factors are formally recognized in AP-42 or other pub-
lished sources, many are only estimates or averages of widely
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Table 2-4. EXHAUST PARAMETIRS FOR VARTOUS BOILER FUELS
(at 50% excess air)
Parti.c—:.ulat;::::h—vw S0,
Fuel or Regdlation lb/lO6 Btu | gr/scfd scf/lO6 Btu 1b/106 Etu ppm (weight)
Blast furnace gas  0.008 0.002 26,300 0 0
Coke ovep gas
400 gr uzs/loo scf 0.005 0.002 17,000 2.0 1500
50 gr H,S/100 scf 0.005 0.002 17,000 0.2 190
10 gr H,S/100 scf 0.005 0.002 17,000 0.05 40
1% § oil ' 0.15 0.06 17,000 1.1 840
2.5% S oil 10.15 0.06 17,000 2.7 2100
2.5%¢ 8, 10% ash coal 5.4 2.2 17,000 4.0 3100
nsps® boiler €250 x 10° ‘
Btu/h 0.1 0.04 0.8 oil 600
1.2 coal 920
a New Source Performance Standard.



variable data; consequently, there is some controversy as to the
correct value. Very few actual data are available for many of
the fugitive sources that are not widely controlled.

This study is relatively insensitive to minor differences in
emission rates, and such differences do not seriously influence
the calculated costs. The costs of quench tower baffles and dry
quenching, for example, are independent of the emission rates
from coke quenching. The cost of an ESP would be influenced
somewhat, in that the efficiency required would change with
emission rate and consequently would affect the total plate area.
The emission rates are considered reasonable for the purpose
intended, i.e., to indicate the relative degrees of control
achievable with various control technologies. The factors should
not be interpreted as representative of emissions at any specific
plant.

Obviously, the technologies listed in Table D-1 are abbre-
viated descriptions. Specific control equipment is described in

detail in Section 3.
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SECTION 3

DETERMINATION OF CAPITAL AND OPERATING COSTS

3.1 GENERAL CONSIDERATIONS IN DEVELOPMENT OF CAPITAL COST
FUNCTIONS FOR AIR POLLUTION CONTROL OF STEEL MILL PROCESSES

The approach used in developing capital cost estimates is to
define various fundamental elements of control equipment, de-
scribed herein as modules, and then combine the modules into a
control system. The large number of modules considered here
results directly from the variety of emission sources covered.

Throughout these estimations we attempt to recognize the
severe service conditions of steel plant operation. These are
reflected in installed spares for pumps and motors, liberal plate
thicknesses in hoods and structurals, painting of exposed mem-
bers,'and adequate instrumentation. The overall procedure is in
five steps:

1) Establish individual elements of air pollution control
eguipment. These elements are referred to as modules.
In some cases, the modules are general pieces of
equipment such-as fans, fabric filters, and ductwork.
In other cases, the modules are total systems unique to
the steel industry such as enclosed hot cars and coke
oven gas desulfurization systems. The modules are
shown in Table 3-1 and are described in Appendix E.

2) Using standard engineering methods estimate the total
installed costs of the module. These estimates are
given for at least three sizes of modules and include
separate estimates for equipment, installation, and
indirect cost. An example estimate package for the
Module 6, water guench-gas 'cooler, is shown in Appendix
F. Some modules that are typically considered as a
total system, such as coke oven gas desulfurization,
are not estimated in equivalent detail, but costs are
based on total system quotation plus engineering and
on-site work. Installation costs are based on a 40-
hour work week. The cost of interest during construc-
tion is a function of estimated installation time.
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Table 3-1. EQUIPMENT MODULES

Module and
version no.

Module name

01-01.
01-02
03-01
03-02 .
03-03
03-04
04-01
04-02
05-01
05-02
06-01
06-02
06-03
07-01

08-01
10-01
11-01
11-02
13-01
14-01

16-01
17-01
17-02
17-03
18-01
18-02
18-03
18-04
19-01
19-02
19-03
20-01
20-02
20-03
20-04
21-01
21-02
21-03:
21-04
22-01
24-01
24-02
24-03
24-04
24-05

(Continued)

Carbon steel, dry ESP

Stainless steel, wet ESP

Carbon steel baghouse < 50,000 acfm, uninsulated
Carbon steel baghouse < 50,000 acfm, insulated
Carbon steel baghouse > 50,000 acfm, uninsulated
Carbon steel baghouse > 50,000 acfm, insulated
Carbon steel venturi scrubber

Stainless steel venturi scrubber

Lined cyclone.

Unlined cyeclone-- _

Contact gas: cooler £ 250,000 acfim

Contact gas cooler > 250,000 acfm

Carbon steel noncontact gas cooler

Raw material receiving station sprays

Enclosed hot car
Pipeline charging
Modify larry car -

Larry car -~ stage charge
Windbox recirculation
Quench tower baffles

Dry gquenching

Blast furnace flare

Coke oven gas. flare

BOF gas flare

Carbon steel wire-mesh-type mist eliminator
Stainless steel wire-mesh-type mist eliminator
Carbon steel blade-type mist eliminator
Stainless steel blade-type mist eliminator
Fan and drive (0-800 bhp)

Fan and drive (801-2000 bhp)

Fan and drive (> 2000 bhp)

Carbon steel ductwork, unlined, 100 ft
Stainless steel ductwork, unlined, 100 £ft
Carbon steel ductwork, lined, 100 £t
Stainless steel ductwork, lined, 100 ft
Carbon steel stack, unlined

Stainless steel stack, unlined

Carbon steel-stack, brick lined
Stainless steel stack, brick. lined

SO2 monitor

EAF canopy hood.

SQ canopy heod < 10 £t sides

SQ canopy hood > 10 £t sides
SQ canopy hood < 10 ft sides with skirt
SQ canopy hood > 10 £t sides with skirt

3-2 .



Table 3-1 (continued)

Module and

version no. Module name
24-06 SQ canopy hood < 10 ft sides with lining
24-07 SQ canopy hood > 10 ft sides with lining
24-08 SQ canopy hood < 10 ft sides with lining
24-09 SQ canopy hood > 10 ft sides with lining
25-01 Wastewater recycle system
27-01 Building louvres
28-01 Cast house runner cover
29-01 BOF enclosure
30-01 Coke oven gas desulfurization (50 grains)
30-02 Coke oven gas desulfurization (35 grains)
30-03 Coke oven gas desulfurization (10 grains)
40-01 Conveyor transfer point hoods
41-01 FGD system, SO3
41-02 FGD system, particulate and SO3
41-03 FGD system, particulate, S02 and water treatment
41-04 SO scrubber for sinter plant
42-01 Dust handling hoppers and conveyors
43-01 Leveling bar smoke seal
44~01 Steam supply, stage charging
45-01 Carbon steel damper, < 7-ft diameter
46-01 . Carbon steel damper, > 7-ft diameter
47-01 Stainless steel damper
48-01 Spray towers
49-01 Transfer point spray
50-01 Spray truck
51-01 Storage yard dust suppression system
52-01 Opacity monitor
53-01 Combustion control monitor
54-01 Wastewater return system
55-01 - Water pumping system (< 1500 gpm)
55=02 Water pumping system (> 1500 gpm)
56=-01 Water-cooled plate duct
57-01 Fan and drive electrical (< 150 bhp)
57-02 Fan and drive electrical (> 150 bhp)
58-01 Coke oven door cleaner
59-01 BOF closed hood, one furnace
59-02 BOF open hood, one furnace
60-01 Slag water sprays



3) Determine the mathematical cost function by plotting
the estimate in dollars versus the size parameter. The
size parameter is often acfm, but it may be a process
size. Estimates for -scme modules require multiple
parameters; for example, acfm, pressure drop, and
temperature in the case of fans. An example module
cost function is shown in Figure 3-1.

4) Design the control system judged to be capable of
achieving the level of control desired. The design
step therefore consists of two parts. First, assemble
the appropriate modules; second, establish broad param-
eters of design to-meet the control level. The param-
eters include such variables as acfm, air/cloth ratio,
and collection area. All of the parameters can be
varied, however, in the computer model. For existing
sources, an appropriate retrofit multiplier must be
chosen since the module cost functions are based on a
new installation.

5) Calibrate the control system cost functions by compar-
ing with actual cost data where they are available.
Care must be exercised to ensure that the actual cost
data represent a control system egquivalent to that
being estimated and that the data include no extraor-
dinary site-specific costs.

In this procedure three system designs represent each level
of control for each emission source; albeit some may be identi-
cal. PFurthermore, parameters of design must be chosen for three
different sizes of each emission source to establish a control
system cost function. In some cases, two alternative systems may
be capable of achieving the same degree of control. For example,
an ESP or scrubber may be equally suitable. . In such cases a ccn-
trol system was chasen for this study based on such factors as
industry practice, economy, and maintenance and operation.

A concern that arises in such generalized costing procedures
as are described herein deals with the validity of the costs in
specific cases and the ability to estimate accurately when real-
world situations vary markedly. This study does not attempt to
estimate costs of a control system for a specific plant. Rather
it develops cost for the industry, broken down by type of process,
size of process, and degree of control. The aggregate is based
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on a level of detail that leads te¢ a balancing out of plus and
minus errors.

The retrofit situation presents a significant problem in
estimating procedures because steel mills vary greatly in size,
age, and layout. The use of the module approach, however,
permits some degree of distinction to be made. When each type of
control system is considered for each emission source, difficulty
of the retrofit can be estimated on the basis of typical condi-
tions in many mills. Certainly the estimates cannot be consid-
ered site-specific, but at least there is an accounting for
retrofit costs. Retrofit multipliers are assigned in. the com-
puter cost model in increments of 0.1 (10%). A retrofit multi-
plier of 20 percent, for example, designates that the retrofit
cost is 20 percent higher than the cost of a new installation.
The retrofit multipliers are assigned separately and indepen=-
dently for each module.

This study is intended to consider only the costs of air
pollution control. Another contractor, Temple, Barker & Sloane,
will address costs of water pollution .control. Table 3-2 indi-
cates the emission sources that will generate process water
requiring treatment and the expected contaminants. Unlike all
other air pollution control systems, however, the water treatment
portion of flue gas desulfurization (FGD) systems for coal-fired
boilers is included as an inherent part of the system.

3.2 EXAMPLE OF DESIGN PROCEDURES FOR AIR POLLUTANT CONTROL

SYSTEMS: SINTER PLANT WINDBOX

The technology table discussed (Appendix Table D-1) provides
the current EPA estimates of emission rates required under three
levels of‘technology. To avoid any legal implications in inter-
pretations, the terms RACT, BACT, and LAER, are used herein
simply as labels for three different situations. Whether they
are in fact "reasonable,"™ “"best,"™ or "lowest" is not an issue in

this application.



Table 3-2. SOURCES REQUIRING WATER TREATMENT AS A RESULT OF
AIR POLLUTION CONTROL

Source

Sinter windboxa

Coke pushing
Enclosed car

Coke quenching
Coke comb. stacka
BOF st:acka

FGD boilers

a

Pollutant parameters Other
SS| pH}{ F |CN | Phenol (NH3, SO?, etc.)
b4 X X
X X X X X
X x X be X
x X b
X X X
Water treatment is included with air
pgllugionlconyrol system

These sources could use a dry control system, in which case

water treatment would not be required.



Figure 3-2 illustrates the building block concept wherein
appropriate control modules are combined to make a control
system. The design parameter of flow used in this example is
380,000 acfm. This is for a "medium-sized” sinter plant produc-
ing 3767 tons/day. Flow and tonnage are determined as described
in Section' 2. The uncontrolled emission rates are 4.3 1lb TSP/ton
sinter, 1.8 1b soz/ton sinter, 0.24 1b condensible HC/ton sinter,
and 4.7 1lb gaseous HC/ton sinter. The level of control achieved
by system 1 is for TSP only and is 0.035 gr/scf. At the produc-
tion rate used, this can be converted to 0.5 lb/ton sinter or 90
percent control of particulate. Note that for a "small" sinter
plant (1671 tons/day and 179,000 acfm), the same grain loading
results in 0.55 1lb/ton sinter or 88 percent control. Such
variation occurs in many processes because flow is not always di-
rectly proportional to production.

The cyclone is not included as part of the control system
because it is considered to be part of the process. One hundred
and fifty feet of carbon steel ductwork is the first element of
the system. A retrofit factor of 1.6 is used for existing
plants to account for elbows, eyes, and general layout complica-
tions of the ductwork.

A wet stainless steel scrubber with a pressure drop of 40
in. of water is the second element. A retrofit factor of 1.1
accounts for layout complications. Associated with the scrubber
is a wastewater return module and makeup water supply module,
both with a 1.1 retrofit factor. A water recirculating module is
included, consisting of a clarifier, vacuum filter, and asso-
ciated pumps and piping. The clarifier is sized to achieve 100
mg/liter suspended solids outlet with a 5 percent blowdown. A
stainless steel blade mist eliminator module is added with a
retrofit factor of 1l.1l.

The fan is sized for the flow and temperature required and
at a total static pressure capacity of 70 in. The total pressure
consists of 40 in. for the scrubber, 25 in. for the process, and
5 in. for duct loss and stack. outlet. In calculation of operating
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cost, only the incremental 40 in. £or control is used. The
retrofit factor is l.1. The installed spare fan capacity is 50
percent. _

A stack module is not included in this case because it is
cgnsidered part of the process.

The only change required for system 2 is an increase in
scrubber pressure drop. A pressure drop of 60 in. is used to
decrease the outlet loading to 0..02 gr/scf F.H.* This translates
to 0.3 1lb/ton or 94 percent control of particulate. Fan sizing
is based on 90 in. water pressure drop.

Figure 3-3 illustrates a significantly more complex system
designed to hold total outlet loading to 0.02 gr/scf F.T.** and

also provide 90 percent control of SO, emissions. A wetsrESP is

2
used in conjunction with windbox gas recirculation and SO

scrubbing. Flow rate to the scrubber is reduced by 40 pegcent.
Note that continuous monitoring for opacity and 502 is added.
The retrofit factor for windbox recirculation is 1.6. Even this
system provides essentially no control of gaseous hydrocarbons.
This entire procedure is then repeated for a "small" plant
and a "large" plant to yield three control system cost functions.
Although not within the scope of this project, it is clear that
intermediate control levels or other values for design parameters
could be examined in the same fashion by use of the computer
model. Appendix G contains computer model example printout of

the sinter plant windbox control systems.

3.3 OPERATING COST ESTIMATION FOR AIR POLLUTION CONTROL SYSTEMS

_ The costs of operating pollution control systems fall into
three major categories: utilities, operating labor, and main-
tenance and supplies. Subcategories of each are discussed
below. o K

. i B

F.H. = Front Half, EPA Method 5.
*%

F.T. = Full Train, EPA Method 5.
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Operating costs have been estimated separately for each of
the modules in the study. To determine the operating cost of a
given control system, the operating costs developed for the
modules in that system are added.

Utilities L
The category of utilities includes four subcategories:
water, electricity, steam, and fuel. The utility rates were
taken from Reference 1 and are shown in Table 3-3. The water
subcategory includes scrubber and nonscrubber water. A cost of
$0.145 per 1000 gallons is used for all supply water. This study
does not address costs of water pollution control except to the
extent that a clarifier-vacuum filter system is used with wet
control devices for water recirculation. The costs associated
therewith are included as an inherent cost of air pollution
control. Costs of water treatment of dissolved compounds such as
fluorides, phenols, or cyanides are not included. Certain air
pollution control systems such as those for coke oven pushing or
sinter plant windbox might require water treatment beyond sus-
pended solids removal. The value used for cost of clean water
for coke gquenching is $8.22 per 1000 gallons and is derived from
Reference 1. Treatment of coke plant wastes that would otherwise
be used for quenching is the basis of this cost. The capital
cost of coke plant wastewater treatment is considered to be a
'fwater pollution related cost.

» "f Water. treatment for a boiler FGD system is integral to the

 ;I,syszem-and consxstsfof a clarifier-vacuum filter system with

s&ndge'fzxatlon and siudge: pond.._

: }ﬁszay water for dust supp:essaon in ore yards, coal yards. )

aadﬁsiag}handlzng xs assuned to: constztute no runoff problem, and

nda watez' collect.wrk o: t:ea.tment costs are considered.

) J scrubber water: consumptlon is calculated from the estimated

:f_Alxquzd to gas.rat:o (L/G) of the wet control device and cooler,

_J;:fzf'requxre&, and. the appkicable exhaust flow rate. Liquid to gas

fi::atzos for venturi’ scrubbers and wet ESP's range from 6 to 15
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Table 3-3, OPERATING COST RATE FACTORS

Item Cost
Water $0.145/1000 gal
Electricity 0.0242/kWh
3.72/1000 1b

Steam

No..2 fuel oil

Dust surfactant

Polyelectrolyte

Operating and maintenance labor
Supervision

Monoethyleneamine (MEA)

Dacron bags

Glass bags

~-200 mesh limestone

0.38/qal
3.35/gal
2.25/1b

13.04/n°

15.54/h
0.45/1b
0.25/£¢>
0.40/£t>

20.00/ton
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gal/min per 1000 acfm. Review of the literature and EPA Section
308 survey data indicates that values of 6.5 to 10 predominate.
Rather than estimate water required for cooling hot exhaust gas
separately from the gas scrubbing function, we have developed the
relationship described in Appendix E. A minimum L/G of 6.5 is
used. The initial cooling of exhaust gases from 3000° to 2000°F
is not considered for BOF open hood systems however. This initial
coocling (using a spark box, water-cooled hood, or other arrange-
ment) is considered part of the process. In estimating scrubber
water consumption, we assume that 95 percent of the water used
for scrubbing is recycled. '

Among the modules used in this study, three are identified
as consuming nonscrubber water. The first is gas cooling water,
which is estimated as described previously. The second is water
used wetting down ore and coal yards and associated transfer
points. This value is difficult to estimate because there is
_very little experience with this control technology in the steel

.1'.ndustry.2.6

Here, the basis for water usage is that the desired
wetting occurs when 2 percent of the material by weight is added
as water. We assume that water is applied at this rate when
material is delivered and also is applied to the material in
inventory 41 times per year (80% of 52 weeks). Natural rainfall
is deemed sufficient for wetting during the remaining 20 percent
of the time. The material in inventory is one-fourth of the
quantity delivered in a year. This results in a total use of 55
gallons per ton of material delivered. Clearly there will be
great variation from plant to plant in the natural moisture con-
tent of raw materials, the climatic conditions and the subsequent
need for dust suppression. The third source of water consumption
not determined by L/G ratio is in an enclosed hot car where

the estimated usage is 45 gal water/ton of coke produced.7'8

Electrical Costs

Electricity is required for elements of five of the
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equipment modules: pumps, electrostatic precipitators, fans,
baghouse shakers, and dust handling conveyors.

Energy to Operate a Fan

In calculating the annual energy requirements for a fan, we

assume that the fan is operated at "full power" for h, hours per

year and at 40 percent of "full'power" for h2 hours pir year. By
using the Bernoulli equation, assuming that kinetic and potential
energy changes are negligible, and accounting for frictional
losses by using efficiencies of 0.9 and 0.6 for the motor and fan
respectively, we calculate the power or energy required per unit

time as follows:

P = QAP 0.40AP
Du u + Du u :
fan"motor fan motor

where D = density of air at standard conditions
M ofan " fan efficiency
H motor - motor efficiency

After substitutions, conversions, and multiplication by the
appropriate number of operating hours, the annual energy require-

ment is:

E = 0.000218 QAPh, + 0.000087 QAPh

1 2

where E is in kWh, Q is in acfm, AP is in in. H,O, h, is the

2 1
number of hours at "full load," and h2 is the number of operating
hours at 40 percent of "full load."” The estimates used for h1

and h2 depend on the process and are shown in Table 3-4. Full-
load horsepower rating (0.000218 QAP) is used to size fan motors,
but the operating cost calculation corrects for elevated tempera-
ture by multiplying the above rating by the ratio of air density
at the fan temperature to standard air density.

Energy to Operate a Pump

Calculations of the annual energy required to operate a pump.-
are similar to those for a fan. As above, the Bernoulli equation
is used, with the same assumptions regarding kinetic and potential
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Table 3-4, ANNUAL OPERATING HOURS AT FULL HORSEPOWER FOR CONTROL DEVICE
' BY PROCESS

(Operating hours at full hp (h]) and reduced hp “‘2”

9T=¢

m— | hl h2 Remai:ks
Coal handling 7900 per plant : 0
Sintering 7900 per plant. 0
Coke pushing 2700 per battery 0 Enclosed car
Coke combustion stack 8600 per stack 0
Coke handling 1900 per plant 0
Blast furnace cast- | ‘
house 2400 per furnace 6200
S8lag processing 4400 per plant o
Open hearth 8600 per shop 0
Hot metal transfer | 3000 per shop 5600
BOF stack 3100 per furnace 8600-hl hl not to exceed 6200
BOF Chg .and tap 1500 per furnace 8600-h1 hl not to exceed 3000
Electric arc furnace 7900 per shop 700

Scarfing 4400 per machine 3500



energy and the same efficiency'values to account for friction.
The pump is assumed to be operating at "full power" 90 percent of
the time. ‘The power needed is:

QAP

P= 3 PRNEY
water"fan"motor

With making the appropriate substitutions and conversions and an
assumed AP of 125 ft HZO’ the annual energy requirement is:

E = 344Q
Where E is in kWh and Q is in gal/min.

Energy to Operate a Baghouse Shaker

In calculating the annual energy requirements for a baghouse
shaker, we assume that a l-hp motor can shake 2000 ft2 of bags
and that the motor operates 1 min during an hour, 8600 h/yr. The
annual energy requirements are: '

E = 0.053 2
where E is in kWh and A is the total cloth area in ft°.

Energy to Operate an ESP

The annual energy requirements for an ESP are based on a
power density of 3 w/ft2 plate area. If precipitator operation
is assumed to be 8600 h/yr, the annual energy requirements are:

P =25.8 A
where P is in kWh"and A is total plate area in ftz.

Enerqgy for Dust Handling Conveyors

Energy requirements for screw conveyors are based on con-
veyor size and motor horsepower required, expressed as

kW = 6.2(x)0']'8

where X is tons of dust per day.

A given module that is an integral part of a control system
may contain any or all of these sources of electrical energy
consumption. The total energy requirements for that system are
merely a summation of the individual consumption values. To get
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the anmualized electrical costs, the number of kilowatthours is
multiplied by $0.0242, the cost per kilowatthour.

Steam Costs

The third subcategory of utilities is steam, which is used
for stage charging, dry electrostatic precipitators, and coke
oven gas desulfurization. The cost of $§3.72 per 1000 1lb steam is
based on 70 percent boiler efficiency and $2.27 per 106 Btu for
fuel.l

In stage charging, steam consumption is estimated to be 24
pounds per ton of coal charged, based on 9/16-in. steam nozzles
activated for 6 min per charge. Steam consumption by dry elec-
trostatic precipitators is estimated from data in Reference 9.
Data for steam consumption in coke oven gas desulfurization were
obtained from Reference 10.

Cost of distillate fuel oil is estimated as $0.38 per
gallon. This o0il is used in only one module, the enclosed hot

car, at a rate of 0.95 gal oil/ton coke produced.7’8

Operating Labor

The'category of operating labor includes two subcategories,
direct and supervision. In each case, and for each module that
requires an operator, the number of hours is estimated through
engineering judgment. The number of working hours for super-
vision is estimated to be 20 percent of the direct labor hours.
The wagés for direct labor and supervisory labor, including
fringe benefits, are estimated at $13.04 and $15.64 per hour,
respective-ly.l The operating labor hours for the blast furnace
runner cover module are estimated from information given in
Section 2, Reference 18.

Maintenance and Supplies

Maintenance labor hours are based on engineering judgmedt.
The wage for the labor including fringe benefits is $13.04 per
hour. The material portion of these costs is estimated as a
fraction of the labor cost and varies by module..
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Supplies includes the cost of fabric filter bags, dust
control surfactants, flocculants, and extraction chemicals. The
cost of bags is based on an average bag life of 2 years for the
11 The cost of
dust suppressant chemicals is $3.35 per gallon, the chemicals

sintering process and 4 years for other processes.

being mixed at a ratio of 1 gal/l1l000 gal water. The cost of
flocculating chemicals is $2.25 per pound, these chemicals being
mixed at 1 ppm for makeup scrubber water. Monoethanolamine is
used in coke oven gas desulfurization at a rate of 15 1b/1,000,000

scf gas treated.lo

The cost of monoethanolamine is $0.45 per
pound. A miscellaneous supplies category is included as 15

percent of maintenance cost.

Costs Not Considered

The cost of land, although not regarded as insignificant, is
not considered because a uniform method of costing cannot be
developed. The impact of land requirement may appear in the form
of a much higher cost of installation because of the need for
long duct or pipe runs to available space; the cost of extra
grading, excavation, or piling (i.e., land preparation); or the
cost of structural work for elevated or building-mounted equip-
ment. Land costs also may be reflected indirectly in the need to
demolish existing structures or the increased cost of other .
facilities in the future as available space is used for environ-
mental control facilities. Any attempt to allocate land costs on
the basis of dollar per acre or dollar per square foot would not
be meaningful. Land costs are too sité-spécific, and the impacts
may range from insignificant to catastrophic.

The costs of lost production or increased cost of production
during construction and start-up are not considered. Here
again, thé impact can vary considerably depending both upon the
specific installation and the company's supply-demand status at
the time.

The costs of research and development or pilot testing are
not included. These too can be significant. Some companies have
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spent millions of dollars on control systems in a developmental
mode and eventually abandoned them because of unanticipated poor
performance or high maintenance. costs.

Credit for by-product reco&ery is not considered except for
steam credits in coke oven gas desulfurization and coke dry
quenching. The theoretical value of iron-bearing dusts captured
in the various control systems could be calculated based on

'present rates for iron units, lime units, and carbon units (the
three primary constituents of value), but some cost would have to
be added for processing to make the material suitable for use.

In many cases, the material is recovered by sintering, but a

12 The value of the
dust depends of course on how it is recycled. It may be con-

significant amount is dumped or stockpiled.

verted to blast furnace feed, treated for recovery of some in-
dividual component such as zinc, or sold for some other use.
Simple economics suggests that where dust is being discarded, not
an uncommon practice, it must be valueless. The cost of disposal
of collected dusts or sludges is not considered. These costs may
be minor at facilities that can recycle the dusts and sludges.
Where materials must be transported to a dump area or storage
area, the costs can be significant.

3.4 CAPITAL CHARGES

Capital charges include overhead, insurance, taxes, depre-
ciation, and similar costs. This study does not consider capital
charges. These are to be determined by Temple, Barker & Sloane
under another U.S. EPA contract.

=20



lo.

11.

REFERENCES FOR SECTION 3

Analysis of Economic Effects of Environmental Regulations on
the Integrated Iron and Steel Industry. Volumes I and II.
EPA-230/3-77-015B. July 1977.

Automated Stockpile Sprinkling System. National Crushed
Stone Association. Washington, D.C. June 1971.

Matthews, W.C. Chemical Binders: One Solution to Dust
Suppression. Rock Products. January 1966.

Thompson, G.L. Dust Problem Solved the Johnson March
Corporation. Philadelphia, Pennsylvania. 1971.

Chem-Jet: The Effective Economical Dust Suppression System.
Johnson March Corporation. Philadelphia, Pennsylvania.
1971.

Barnes, T.M., H.W. Lownie, Jr., and J. Varga Jr. Summary
Report on Control of Coke Oven Emissions to The American
Iron and Steel Institute. Battelle Columbus Laboratories.
December 31, 1973.

Rudolph, H., and S. Sawyer. Engineering Criterié for a
Hooded Quench Car System. Iron and Steel Engineer. March
1977. pp. 27-35.

Enclosed Coke Quench Cars Gain Ground as Method of Cleanlng
Oven-Push Emissions. 33 Magazine. October 1976.

Henschen, H.C. Wet vs. Dry Gas Cleaning in the Steel
Industry. :

Massey, M.J., and R.W. Dunlap. Economics and Alternatives
for Sulfur Removal from Coke Oven Gas. 67th Annual Meeting
of APCA. No. 74-184. Denver, Colorado. June 9-13, 1974.

Operation and Maintenance of Particulate Control Devices for
Selected Steel and Ferroalloy Processes. PEDCo Environmen-
tal, Inc., Cottrell Environmental Sciences, and Midwest
Research Institute. Prepared for U.S. Environmental Pro-
tection Agency. Industrial Environmental Research Labora-
tory. Research Triangle Park, North Carolina. May 1978,

3-21



12. Managing and Disposing of Residues from Environmental Con-
trol Facilities in the Steel Industry. Dravo Corp. Pre-
pared for U.S. Environmental Protection Agency. Contract
Nc. R803649 ROAP. October 1976.

3=22



SECTION 4
RESULTS

4.1 CONTROL COSTS FOR INDIVIDUAL EMISSION SOURCES

Using the procedures described earlier, we have designed
control systems (groups of specific modules) for each emission
source, each technology level, and in three sizes. For a spe-
cific emission source and technology level, the cost is regressed
against process size and a system cost function of the form:
cost = A (size)B is determined. The values for the coefficients
A and B and the units of the size variable are tabulated for
capital cost and operating cost in Tables 4-1 to 4-3. The com-
puter cost model can calculate the cost for any size system, but
the sizes used here are those defined by Temple, Barker & Sloane.
Sizes for some process categories, such as soaking pits, reheat
furnaces, and boilers were not provided by Temple, Barker &
Sloane. Representative sizes were selected in such cases by
examining industry data. Where the control equipment is a
function of some physical size parameter rather than tons of
capacity, the appropriate physical sizes are used in the model,
but the final cost egquation is expressed in tons.

In determining the control system required to meet SIP
requirements, the typical SIP control level is determined from
the SIP regulations (Appendix H) and compared with the RACT,
BACT, and LAER levels of Appendix D. The next highest level is
used to represent SIP. For example, if the éfficiency reguired
under a typical SIP process weight rate formula is less than
RACT, then RACT is used; if it is greater than RACT but less than
BACT, then BACT is used. 1If a SIP does not address an emission
source or if it is in terms of some general restrictions on



k4 4

Table 4-].,

CAPITAL COST COEFFICIENTS, NEW INSTALLATION

(Values of A and B for the equation.y = AxB)

Emission source

RACT

Technology level
. BACT

LAER

A

A B

Typical
SIP

1

Units of
X

Ore yard

Coal yard

Coal preparation
Sinter windbox
Sinter discharge
Sinter f;qltlve -
“building

Coke oven charging
Coke oven pushing

Coke guenching

Coke oven doors

(continued)

77,675.6
100,103.0
2,679.0
12,484.6
7,278.7
0.0
282,721.1
385,888.2

6.8

0.086
0.067
0.335
0.431

0.)87

0.020
0.194

0.7137

234,030.0 10.054

219,765.5 0.04{
3,204.3 10.326
17,172.7 {0.413
23,262.5 |0.321
17,460.9 |0.199
8,620.6 [0.396
385.88R.2 [0.194
11.5

0.6R4

376,483.8 { 0.0

34.7 |o.
46.5 |o0.
3,204.3 {oO.
19,187.4 |o0.
23,262.5 | 0.
117,460.9 |o.
8.620.6 | 0.
385,888.2 | 0.
702.1 |o.

376,483.06 0.

762

767

326

453

z

199

396

194

706

RACT

RACT

RACT

BACT

BACT -

BACT

RACT

RACT

RACT

RACT

Total plant,
annual tons of
metal capacity

Total plant,
annual tons of
coke capacity

Total plant,
annual tons of
coal capacity

plantf
tons of

Sinter
annual
sinter

Sinter
annual
sintey

plant,
tong of
capacity

Sinter
annual
sinter

plant,
tons of
capacity

One battery,
annual tons of
coke capacity

One battery,
annual tons of
coke capacity

Total plant,
annual tons of
coke capacity

One battery,
annual 'tons of
coke capacity

hot

capacity



Table 4-1 {continued)

;zéhnoloqy level

RACT T BRCT T LAER Typical Units of
Emission source A B A B A B SIP X
Coke oven topside 0.0] 0.000 0.0} 0.000 0.0 [0.000 RACT One battery,
annual tons of
coke capacity
Coke underfite 2,934.21 0.465 4,392.3 ]| 0.439 2,330.1 [0.500 unc? One battery,
stack annual tons of
coke capacity
Coke handling 864.5 ] 0.464 864.5 | 0.464 864.5 |0.464 RACT Total plant,
annual tons of
coke capacity
Coke oven gas 9,548.2 | 0.481 9,888.6 | 0.481 10,248.7 (0.481 RACT Total plant,
annual tons of
coke capacity
Coal preheater 568.9 | 0.509 568.9 0.504 568.9 10.504 RACT One battery,
annual tons of
coal capacity
Cast house emis- 101,254.6 1 0.250 }58,839.9 | 0.250 1,455.5 [0.583 RACT One blast furnace,
sion annual tons of hot
metal capacity
Blast furnace 0.0] 0.000 4,884.4 { 0.495 4,884.4 |0.495 BACT Total plant,
slag pouring annual tons of hot
metal capacity
Blast furnace slag 25,316.9 | 0.000 10,181.1 | 0.224 10,181.1 [0.224 RACT One blast furnace,
processing annual tons of
hot metal capacity
Open hearth .{OH) hot 35,925.1 | 0.243 35,925.1 | 0.24) 35,925.1 |0.243 RACT One OH shop,
metal transfer : annual tons of
steel capacity
Open hearth 995.6 | 0.632 995.6 | 0.632 995.6 [0.632 RACT One OH shop,
refining annual tons of
steel capacity

(continued)



R At 4

Table 4-1 (continued)

Technology level
RACT BACT __LAER Typical Units of
Emigssion source A B A B A B SIP X
Open hearth 0.0 |0.000 0.0 ] 0.000 0.0} 0.000 N.A. One OH shop,
fugitive annual tons of
steel capacity
Open hearth 25,338.9 | 0.000 25,338.9 | 0.000 25,338.9 | 0.000 RACT { Total plant,
slag processing annual tons of
) steel capacity
BOF hot metal 33,307.1 | 0.246 33,307.1 } 0.246 33,307.1 | 0.246 RACT One BOF shop,
transfer annual tons of
steel capacity
BOF refining 3,337.2 | 0.544 6,812.5 ] 0.489 6,812.5 ( 0.489 RACT One BOF shop,
. annual tons of
steel capacity -
BOF charging 164.1 | 0.597 6,985.6 | 0.450 6,585.6 | 0.450 RACT | One BOF shop,
tapping annual tons of
pang A steel capacity
BOF slag pouring 25,238.5 | 0.000 [1,199,378.0 { 0.025 [1,199,378.0 | 0.025 RACT | One BOF shop,
annual tons of
steel capacity
BOF slag proc- 25,238.5 | 0.000 2,341.0 4 0.320 2,341.0|0.320 RACT Total plant,
essing annual tons of
steel capacity
EAF Emissions - 94.2 10.774 1,308.2]0.642 10,683.3 1 0,514 BACT One EAF shop,
carbon annual tons of
steel capacity
EAF emissions - 1,023.8 | 0.658 1,022.210.663 1,459.0 | 0.640 BACT | One EAF shop,
alloy annual tons of
steel capacity
EAF slag pouring 25,293.4 Jo.000 1,287.4 | 0.516 1,287.4 | 0,516 RACT | One EAF shop,
annual tons of
steel capacity

N.A. - Not applicable.

(continued)
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Table 4-1 (continued)

Tecmology Tevel

RACT BACT LAFR Typical "Units of
Emission source A B A B A B S1P X
EAF slag process- 25,293.4 (0.000 86,711.7 10.079 86,711.7 |0.079 RACT Total plant,
ing annual tons of
steel capacity
Continuous 0.0°|0.n00[2,261,960.0 |0.024 {1,261,960.0 | 0.024 BACT | One castjing machine,
casting annual tons of
steel capacity
Soaking pit stack 0.0 |0.000 574.7 | 0.581 574.7 | 0.581 UNCb Group of pits,
stack annual tons of
steel capacity
Auto scarfing 529,826.1 (0.128 ] 529,826.1 |0.128 | 529,826.1 | 0.128 RACT One scarfing ma-
chine, annual tons
of steel capacity
Reheat furnace 0.0 [0.000 1,541.0 | 0.558 1,541.0 | 0.558 UNCC Group of furnaces,
stack annual tons of
steel capacity
' d
Boiler stack - 173,759.8 {0.6851| 173,759.8 10.685 | 173,759.8 [0.£85 RACT Total plant,
coal fired . MM Btu/hr capacity
d
Boiler stack - 84,056.8 |0.568 84,056.8 | 0.568 84,056.8 | 0.568 UNC Total plant,
oil fired MM Btu/hr

UNC - uncontrolled.

a Typical SIP does not require control on a process weight or combustion source basis, but
does require an opacity limitation which might in turn require a control device depending' -
upon age and condition of battery.

b Typical SIP does not require control, cost coefficients shown are for an ESP on soaking pits

firing 100% oil.

c

d
750 MM Btu/hr.

Typical SIP does not require control, cost coefficients shown are for an ESP on reheat furnaces
firing 100% oil.

Cost function can be used for combined or individual boilers in the range of 100 MM Btu/hr to
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Table 4-2. CAPITAL COST COEFFICIENTS, RETROFIT INSTALLATION?

ST A = S

Technoloqgy level

RACT BACT LAER Typical Units of
Emission source A B A B A B sip X
Ore yard 88,580.0 |0,085 ) 294,225.2 | 0.050 43.0} 0.755 RACT Total plant, '

annual tons of hot
metal capacity

Coal yard 113,734.5 10.065 | 262,700.5 | 0.045 58.4 | 0.758 RACT Total plant,
annual tons of
coke capacity

Coal preparation 2,722.2 10.340 3,358.9 | 0.1311 3,358.9{ 0.331 RACT | Total plant,
’ annual tons of
coal capacity

Sinter windbox 12,815.1 [0.437 17,692.2 { 0.419 20,404.6 | 0.456 BACT Sinter plant,
annual tons of
sinter capacity

Sinter discharge 7,706.1 |0.390 24,923.1 | 0.323 24,923.110.323 BACT | Sinter plant,
annuval tons of
sinter capacity

Sinter fugitive - 0.0 {0.000 17,010.2 } 0.207 17,010.2 } 0.207 BACT Sinter plant,
annual tons of
sinter capacity

Coke oven charging }310,236.2 |0.020 9,461.1 | 0.396 9,461.1 | 0.396 RACT One battery,
annual tons of
coke capacity

Coke oven pushing 423,541.2 }0.194 }423,541.2 ] 0.194 }423,541.2 ] 0.194 RACT |One battery,
annual tons of
coke capacity

Coke quenching 8.8 j0.738 19.3 | 0.684 773.0] 0.706 RACT | Total plant,
annual tons of
coke capacity

Coké oven doors 0.0 {6.000 { 451,801.0 {0.000 {451,801.0 | 0.000 RACT One baﬁtery.
annual tons of
coke capacity

(continued)
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Table 4-2 (continued)

(continued)

- TQFPQQLE&& leyéim 1} - 1 .
RACT PACT TAFER Typical Units of
Emission source A B A B A B SIP X
Open heartﬁ fudi- 0.0 (0.000 6.0 0.000 0.00{ 0.000 NA One Ol shop,
tive annual tons of
steel capacity
open hearth slag 25,338.9 { 0.000 25,338.9 | 0.000 25,338.9 10.000 RACT Total plant,
processing annual tons of
i steel capacity
BOF hot metal 35,835.6 | 0.247 35,835.6 | 0.247 35,835.6 {0.247 RACT One BOF shop,
transfer annual tons of
steel capacity
BOF refining ),728.6 | 0.543 15,887.1 | 0.464 15,887.1 | 0.464 RACT One BOF shop,
annual tons of
steel capacity
BOF charging, 163.8 | 0.606 8,578.4 ] 0.443 8,578.4 | 0.443 RACT One BOF shop,
tapping annual tons of
‘ steel capacity
BOF slag pouring 25,238.5] 0.000 },232,843.8| 0.031(1,232,843.8 |0.031 RACT | One BOF shop,
annual tons of
steel capacity
BOF slag proc- 25,238.5 | 0.000 2,158.51] 0.332 2,158.5 | 0.332 RACT Total plant,
essing annual tons of
steel capacity
' EAF emissions - 95.5]1 0.783 1,438.9] 0.643 11,932.0 [0.514 BACT One EAF shop,
carbon : annual tons of
steel capacity
EAF emissions - 1,172.6 { 0.660 1,172.5| 0.665 1,689.0 |0.641 BACT One EAF shop,
alloy . annual tons of
steel capacity
EAF slag pouring 25,293.4 { 0.000 1,493.5( 0,513 1,493.5 {0.513 RACT One EAF shop,
annual tons of

steel capacity



8-¥

Téble 4-2 (continued)

Technology level
BACY

RACT BA . LAER Typical Units of
Emission source A B A B A B sip X
Coke oven topside 0.0 | 0.000 0.0 0.000 0.0| 0.000 RACT | One battery,
annual tons of
coke capacity
Coke underfire 3,348.2 1 0.470 4’8]3.1 0.446 2,608.2 | 0.505 UNCb One battery,
stack ) ’ annual tons of
coke capacity
Coke handling 931.4 ,0.466 - 931.4| 0.466 931.4 | 0.466 RACT | Total plant,
annual tons of
coke capacity
Coke oven gas 12,354.6 | 0.481 12,802.9} 0.481 13,264.6 | 0.481 RACT Total plant,
annual tons of
coke capacity
Coal preheater 623.0 | 0.504 623.0| 0.504 623.0 | 0.504 RACT | One battery,
anpual tons of
coke capacity
Cast house emis- 127,706.0 ] 0.250 [156,588.9| 0.269 1,646.4 | 0.588 RACT One blast furnace,
sions ' annual tons of
' hot metal capacity
Blast furnace slag 0.0 | 0.000 5,287.8] 0.496 5,287.8 ] 0.496 BACT | One blast furnace,
pouring annual tons of
hot metal capacity
Blast furnace slag 25,316.9 | 0.000 10,829.9§ 0.226 10,829.9 | 0.226 RACT | Total plant,
processing annual tons of
hot metal capacity
Open hearth hot 39,837.9 ] 0.246 39,837.9| 0.246 P9,837.9 [0.246 RACT One OH shop,
‘metal transfer annual tons of
gsteel capacity
Open hearth 916.7 | 0.657 916.7) 0.657 916.7 |0.657 RACT One OH shop.
refining annual tons of
steel capacity

UNC - uncontrolled.

(continued)



Table 4-2 (continued)

Technology level

RACT BACT [T LAER Typical Units of
Emission source A B A B A B sIP X
EAF slag process- 25,293.4 1 0.000 93,357.3 | 0.080 93,357.3] 0.080 RACT Total plant,
T ing annual tons of
steel capacity
Continuous casting 0.0./0.000 ]1,457,337.0 | 0.025 |1,457,337.0 ¢ 0.025 BACT One casting machine,
annual tons of
steel capacity
Soaking pit stack 0.0 |[0.000 632.5 | 0.586 632.5 ] 0.586 UNCc Group of pits,
annual tons of
steel capacity
Auto scarfing 573,959.3 {0.129 | 573,959.3 |0.129) 573,959.3}0.129 RACT One scarfing ma-
chine, annual tons
of steel capacity
Reheat furnace 0.0 {0.000 1,740.9 | 0.561 1,740.9 | 0.561 UNCd Group of furnaces,
stack annual tons of
steel capacity
Boiler gtack - 190,750.2 |0.686 | 190,750.2 | 0.686 | 190,750.2 | 0.686 RACT Total plant,
coal fired . MM Btu/hr capacity
Boiler stack - 96,459.0 {0.572 96,459.0 [0.572 96,459.0 | 0.572 UNC Total plant, MM,
Btu/hr capacity

N.A. - not applicable.

UNC - uncontrolled.

a
plants.

Based on engineering judgement
Specific plants could require higher costs due to unique site-specific factors.

of retrofit difficulty in typical situation for existing

Typical SIP does not require control on a process weight or combustion source basis, but

does require an opacity limitation which might in turn require a control device depending
upon age and condition of battery.

Typical SIP does
firing 100% oil.

Typical SIP does
firing 100% oil.

750 MM Btu/hr.

not require control, cost coefficients shown are for an ESP on soaking pits
not require control, cost coefficients shown are for an ESP on reheat furnaces

Cost function can be used for combined as individual boilers in the range of 100 MM Btu/hr to
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Table 4-3.

ANNUAL DIRECT OPERATING COSTS COEFFICIENTS FOR AIR
POLLUTION CONTROL SYSTEMS ON BOTH NEW AND EXISTING FACILITIES

(Values of A and B for the equation y

AxB)

Emission source

RACT

Technology level

BACT

TTTTLRER

| Typical

Fy

A

A

sip

Units of
X

Ore yayd

Coal yard

Coal preparation
Sinter windbox
Sinter discharge

Sinter fugitive -
building

Coke oven charging

Coke oven pushing

Coke qqenqhinq

Coke oven doors

(continued)

9,177.6

20,23s4.1

6,986.3

2,886.8

3,441.0

62,910.5

3,691.7

405,047.5

0.130

0.072

0.159

10.436

0.297

0.000

0.125

0.368

0.739

0.000

'13,219.0

20,223.6

6,947.5

1,570.0

7,648.0

14,986.0

76,894.8

3,691.9

1.4

571.501.4

0.131

0.087

0.160

0.491

0.253

0.107

0.116

¢.368

0.991

0.000

2.6

6,947.5

71,117.6

7,648.0

14,986.0

76,894.8

3,691.9

571,501.4

.831

.821

.160

.217

.253

.107

.116

.368

.071

.000

RACT
RACT
RACT
BACT
BACT

BACT

RACT
RACT

RACT

Total plant,
annual tons of
hot metal capacity

Total plant,
annual tons of
coke capacity

Total plant,
annual tons of
coal capacity

Sinter plant,
annual tons of
sinter capacity

Sinter plant,
annual tons of
sinter capacjty

Sinter plant,
annual tons of
sinter capacity

One battery,
annual tons of
coke capacity

One battery,
annual tons of
coke capacity

Total plant,
annual tons of
coke capacity

One battery,
annual tons of
coke capacity
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Table 4-3 (continued)

Technology level
RACT BACT LAER Typical "Units of
Emission source A B A ™8 a B SIP X
Coke oven topside 195,916.1 | 0.000 -1195,916.1 | 0.000 }{195,916.1 | 0.000 RACT One battery,
annual tons of
coke capacity
Coke underfire 49,092,1 10.126 55,252.3 | 0.121 48,944.31 0.131 UNC One battery,
stack : annual tons of
coke capacity
Coke handling 166.0 |0.462 166.2 1 0.462 166.2 ] 0.462 RACT Total plant,
' annual tons of
coke capacity
Coke oven gas 981.5 | 0.495 406.5 | 0.571 218.8 | 0.625 RACT (Total plant,
. annual tons of
coke capacity
Coal preheater 1,619.2 (0.304 1,619.2 , 0.304 1,619.2 1 0.304 RACT One battery,
annual tons of
icoke capacity
Cast house emis- 75,076.6 |0.135 [291.321.4 | 0.096 158.2 | 0.599 RACT One blast furnace,
sions annual tons of
hot metal capacity
Blast furnace 0.0 |0.000 12,259.9 | 0.316 12,259.9 ] 0.316 BACT One blast furnace,
slag pouring . fannual tons of
hot metal capacity
Blast furnace slag 10,006.7 | 0.000 26,494.3 | 0.057 26,494.3 | 0.057 RACT Total plant,
‘processing annual tons of
coke capacity
open heqrth.hot 15,910.3 | 0.162 15,910.3 | 0.162 15,910.3} 0.162 RACT One OH shop,
metal transfer annual tons ot
steel capacity
Open hearth refin- 1,078.8 | 0.480 1,078.8 | 0.480 1,078.8 | 0.480 RACT One OH shop,
ing annual tons of
steel capacity

(continued)
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Table 4-3 (continued)

Technology level
RACT : BACT LAER Typical Units of
Emission source A B A B A B SIP X
Open hearth fugi- 0.0) 0,000 0.0 | 0.000 0.0 ]0.000 NA One OH shop,
tive : annual tons of
) _ gteel capacity
Open hearth slag 10,015.4 | 0.000 {10,015.4 |0.000 | 10,015,4 {0.000 | RACT | Total plant,
processing : - : annual tons of
steel capacity
BOF hot metal 14,951.5] 0.164 14,951.5 | 0.164 14,951.5 |0.164 RACT | One BOF shop,
transfer annual tons of
. steel capacity
BOP refining 410.5 ] 0.539 2,050.490.440%] 2,050.42)0.440%] RACT | One BOF shop,
anhual tons of
steel capacity
BOF charging, 1,559.4] 0.283 536.9 | 0.467 536.9 |0.467 RACT | One BOF shop,
;app;nq annual tons of
' steel capacity
BOF slaq poqrinq 10,000.0§ 0.000 {265,868.9 0.000 265,868.9 10.000 RACT | One BOF shop,
: annual tons of
steel capacity
BOF slag process- 10,000.0} 0.000 15,972.1 ] 0.090 15,972.1 {0.090 RACT Total plant,
ing ) annual tons of
' steel capacity
EAF emissions - 22.71 0.773 106.3 } 0.709 905.7 {0.581 BACT One EAF shop,
carbon annual tons of
steel capacity
EAF emissions - 110.6.| 0.699 110.1 | 0.700 157.2 | 0.676 BACT | One EAF shop,
alloy ' annual tons of
steel capacity
EAF slag pouring 9,997.4) 0.000 293.1 | 0.486 293.1 1 0.486 RACT | One EAF shop,
) annual tons of
steel capacity

(continued)

t
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Table 4-3 (continued)

e

Technology level _
RACT ﬁbCT L LAER Typical Units of
Emission source A B A B A ) sip X
EAF slag process- 9,997.4 [ 0.000 41,185.2 | 0.030 41,185.2 |0.030 RACT Total plant,
ing : . annual tons of
_ steel capacity
Continuous cast- 0.0 0.000 }226,810.3 |0.013 |226,810.3 |0.013 BACT One casting machine,
ing : annual tons of
steel capacity
Soaking pit stack 0.0 |0.000 6,687.0 | 0.289 6,687.0 |0.289 UNC Total plant,
annual tons of
steel capacity
Auto scarfing 468,121.4 {0.037 [486,121.4 [ 0.037 [486,121.4 | 0.037 RACT One scarfing ma-
chine, annual tons
of steel capacity
Reheat furnace 0.0} 0.000 3,391.3 | 0.372 3,391.3 10.372 UNC Total plant,
" stack annual tons of
steel capacity
Boiler stack - 643,417.1 | 0.158 |643,417.1 {0.158 [643,417.1 {0.158 RACT Total plant,
coal fired : MM Btu/hr capacity
Boiler stack - 36,321.1 | 0.412 36,321.1 | 0.142 36,321.1 [ 0.412 UNC Total plant,
oil fired MM Btu/hr capacity

N.A. - not applicable.

UNC - uncontrolled.

A = 11,386.4 and B = 0.3395 for retrofit case.



fugitive- emissions, then an assignment of RACT, BACT, LAER, or
uncontrolled is made based on engineering judgment.

All costs in Tables 4-1 to 4-3 are in terms of mid-1977
dollars. The costs are considered study estimates with an
accuracy of * 35 percent. 1In Table 4-3, a negative operating
cost is shown for dry quenching.

This value arises from the inclusion of a steam credit in
total operating cost. The steam credit is based on 800 pounds of
steam produced per- ton of coke quenched at a value of $3.72 per
1000 pounds. The resultant credit is very significant and must
be used with the caveat that it is only applicable to the extent
that the steam produced can, in fact, be utilized and effectively
replace steam which would otherwise be generated by the plant in
a boiler.

The adjustment to the LAER operating cost function to delete
the credit is $2.98/ton coke. For example, the operating cost
fo: a 1,000,000 ton per year plant without the steam credit would
be: | |
-~-0.7 (1,000,000) 1.071 - (-2.98 x-1,000,000)

= -1,866,800 + 2,980,000
= $1,113,200

.Cost

The credit should be separated from the operating cost in this
manner and shown as a potential offset. The BACT technology for
blast furnace cast house emissions consists of a hooded trough
area and_runner—covetS*and.LAER‘consists of cast house evacuation.
The-resuitént cost functions in Tables 4-1 and 4-2 desCribe.a
higher cost for BACT than for LAER except for very large furnances.
The emission rate: is the same in both cases. This can give rise
to an anomalous interpretation of BACT vs. LAER. The proper
interpretation is that BACT and LAER systems are essentially al-
ternatives for reaching the lowest achievable emission rate and
one cannot make a generalized definition as to the appropriate
system for a givem blast furnace. The flow rate data available
are not sufficiently definitive to justify a clear distinction.

414



The retrofit costs in Table 4-2 are based on engineering
judgment as to the additional cost associated with longer duct
runs, clearance problems, etc. Certain retrofit situations, how-
ever, raise issues of feasibility. The retrofit of an ESP to
coke oven underfire stacks, for example, may not be feasible for
some batteries because of space limitations and the difficulty of
tie-in to existing flues. Whether the gas can be shut off to an
existing battery for a sufficient time to accomplish tie-in is
a site-specific problem that is not addressed in this study.

In general, it should be noted that the control schemes
estimated are relatively independent of the emission rates
achieved. The emission rates are nominal values only and con-
sequently the cost;effectiveness of a given BACT system may be
superior to the corresponding RACT system.

It should also be noted that each source is treated inde-
pendently. In actual practice, some sources may be controlled by
a common control device. Such comingling of sources would
result in a lower total cost. For example, control of sinter
feed transfer points (04-3) would most likely be accomplished by
venting to the control device on the discharge end.

COMPLIANCE STATUS OF EMISSION SOURCES

The compliance status of emission sources is rated according
to the following definitions:
0 No data available.

1 Suitable equipment installed, no additional expendi-
tures required.

2 On a compliance schedule, necessary funds committed and
considered spent.

3 Not on a compliance schedule, additional expenditures
- required..

These definitions are used to determine the capital expendi-
tures required by the industry to meet present SIP regulations as




interpreted in a strict engineering sense. The definitions do
not, and are not intended to, address the guestion of compliance
in the legal sense. ' _

Each emission source in the inventory was assigned a code
from 0 to 3 representing the above definitions based on discus-
sions with EPA regional office personnel in Regions III and V.
Other available sources of data on control equipment installed
were used to make the compliance status interpretation for the
plants not included in Regions IITI and V.

Table 4-4 summarizes the results on a numerical and tonnage
basis by emission-source. —~Table 4-5 is a statistical summary of
the capacity rating of the emission sources.

4-16-
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Table 4-4.

SUMMARY OF COMPLIANCE STATUSa BY SOURCE

Percent of capacity in category

Status In com- Oon a Expenditures Number of facilities
Emission source unknown pliance schedule required requiring expenditures
Ore yard 0 58 0 42 22 ore yards
Coal yard 0 49 0 51 ) 18 coal yards
Coal prepa;atlon' '§4 42 Q 4 A 3 plants
Sinter windbox 0 15 16 a9 13 sinter plants
Sinter discharge 0 63 11 26 7 sinter plants
Sinter fugitive 0 56 2 42 12 sinter plants
Coke charging 7 20 15 58 87 batteries
Coke pushing 8 14 23 55 86 batteries
Coke quenching 0 81 7 12 6 coke plants
Coke doors 18 13 13 56 85 batteries
Coke topside 22 27 13 39 61 batteries
Coke stack 9 31 16 44 73 batteries
Coke screening 39 58 0 k] 2 coke plants
Coke gas 5 63 2 30 16 coke plants
Coal preheat 0 76 24 0 0 coke plants
Cast house 0 21 0 79 133 blast furnaces
B.F. slag pouring 0 84 0 16 24 blast furnaces
B.F. slag process- 7 92 0 1 1 plant

ing
OH metal transfer 44 10 13 33 4 OH shops
OH refining 0 46 16 kY] 4 OH shops
OH fugitive 0 45 13 42 5 OH shops
OH slag process- 21 66 13 0 0 plants
ing

BOF metal trans- 24 36 27 13 6 BOF shops

fer

a See Section

(continued)
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Table 4-4 (continued)

Percent of capaclity in category

) Status In com- On a Expenditures Number of facllif&ea

Emission source unknown pliance schedule required requiring expenditures
BOF refining 0 80 5 15 S BOF shops
BOP charging, 4 18 42 36 16 BOF shops
tapping
BOF slag pouring 0 715 0 25 11 BOF shops
BOPF slag process- 3 96 0 1 1 plant

ing

EAP refining k) 82 6 9 1 EAF shop
BAP fugitives 5 75 12 ] 2 EAF shops
EAF slag pouring o 100 0 0 " 0 EAF shops
EAP slag process- 21 79 0 0 0 plants

ing
Conventional teem- 0 100 0 0 0 plants

ing
Continuous casters 0 97 0 3 2 casters
Soaking pits 0 100 0 0 0 plants
Scarfing machines 14 68 10 8 3 machines
Reheat furnaces 0 100 0 0 0 furnaces
Boilers 24 62 5 9 9 boilers

e ——



Table 4-5. STATISTICAL SUMMARY OF CAPACITY RATINGS OF EMISSION SOURCES
Capacity values in miVions of tons per year {boilers in millions Btu per hour)

Coawe pEegs gd wleciab o] sy oo Standard o, :
Emission source Mean | Maximim ‘| Winimm | ‘deviation [Number < Sy | Sy<Number < S, |5, < Number < S, | Number > Sy 511 5, |53 [Units of tons

. LT PUsad 18 W RO T e Gy A i KEER
Ofe yard 1S | 4a8' ] 009 ] Tolwr’ n 13 3 0 1.20 {3.17 | 6.7 Ore in storage
Cooliyord - o o|0:S6. | 2,68, | 0.005,| o0.49,. ) ., .21 10 2 0 0.66 | 1.54 | 4.29] Coal in storage
Coal-prepsration - |-2,24 .ino w030 | 1.9, | 8 8 19 a. .. |oes|1.5814.29| coal
saﬂ‘t‘e'}‘itndbo: e | avr | Loe Prase | 8 | 1 . 2 Poro. o6 f1.68 2.4 Stater:
smer mcmrge J 1jsé? ! .92 018 <) 157 |, 8. ] 17 . 2 T 0,61 1.68|2.14] Sinter:
Stnter' fugum g ] Laere| toas [ Taase | 8 v 2 L 7. fo.er|viea |z sinter,
cois’ Ehavging’s |03 v| i 135 | o0 | o200 | 2an 64 55 " 8. 023036 |0.15]: coke. ;
Co’\c ph‘ hing ‘=<l oleot | 1,380 i 008:| o022+ |: 2. | 6 - 55 2, 0:23.0.36 0.75 | ‘Coke-

. i H . | a 0.46 | . 00
Co\lg,_mgpf\m;l? use | 7.52 o - pom a 8 20 46 (1,08 1.00| icoke ‘
Cokg, doors olao’ | ;1.3 | {o.08 | 0.22 S 1 ! 64 55 12 10,23 10.36 ['0.75 icoke” !
Cake topside . cc.lolgo, |, 1.35 || 098, i 0.22, .4 64 55 12 0.2310.36 | 0.75 | Coke
Coke stack « + el 0:d0.:); 135, [ 1008 ]{ 022, |' 2 64 ' 55 o 0.23{Q.36 | 0.75 | "Coke
Caks screening use. | 7.5z flor | v 1 8 8 f 20 D oa 0.46 [1.08 { 3.00 'iCoke _'

Cake gas ;-2 li’.sebs D782 021 |1 : 8 8 ' 0 Loa 0.46 |1.08 { 3.00 ﬁcm;
Coal ‘preheat 0.95 |: 1.00 0.9 (' 0.05 : 0 4 0 0 0.88 [1.05|1.23] ! coke
chst vouse - < Jolaé |1 2:20 |l 0as | 0.3 , 4 63 26 0.40 {0.66 | 1.01 | : Hot metal
SF3Vag 'pouring "] 0074t | 2:260 | 0.25 0.3¢ | 28 43 63 iy 0.40 {0.66 | V.01 | : Hot metal
BF ‘sVyg process- [2.58 |, 8.96 | 0.38 1.87 : 6 18 20 5 0.80 | 1.98 | 4.04 | . Hot meta)
‘,ﬁ Q?P’mﬁ fe W i . . ol i .
ON-metdl ‘transfer | 2.49° | 4:34 ' | 0.97: 1.0 1 6 3 ) V7 {2.2813.39] . steel
ow'vetngng 2.0 .U 0.97 10 1 6 3 3 arf2e 539 seeer
o fugitive. . .J2.49. | 4u | 09 1.01 1 6 3 o3t {339 steer
m:mg process. 1‘.;_9.. TS T A K 1 R X | 1 6 3 3 V7 (2.28]3.39] Steel

ng s ’ . ‘ e

- 1 |

(continucd)
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Table 4-5 (continued)

Capacity values in millfons of tons per year (boilers in millions By per hom:i
Standsrd T R o ’ R -

Eatssion source Mean | Moxfmum | MWinfwum | deviation |Number < S, |S,<lumber < S, [S, < Humber < S, | Mumber > S3] 531 S, |5y ] Units of tons
mrqu‘ trans- )2.86 8.10 I'BO }-40 9 : 9 ’2 8 1.6} 12.701 3.78] Stee)
90F refining 2.86 6.10 .88 i.40 9 9 i 8 1.61 [2.70] 3.78] Steet
8OF charpging, 2.86 8.10 0.88 1.40 9 9 12 8 1.6V |2.70] 3.78] Steet
tapping
00F glpg pouring {2.86 8.10 088 1.40 9 9 12 8 1.61 {2.70] 3.76] Steel
Ir’ﬂ” process- 13.20 10.0 0.88 1.99 7 8 1] 8 1.6) {2.70) 3.78] Stee)

[
§AF refining a70 2.05 0.20 0.47 ] 9 6 3 6.10 [0.47] V03[ Steet
EAF 'uglﬂvg .70 2.05 0.20 ae? 0 9 6 k] 0.0 10.47] 1.13] Stee)
EAF sleg pouring Q7o 2.0% 020 Qe 0 9 6 3 Q.10 {0.471 1.13| Steel
!?' $lag process- 0.70 2.05 0.20 0.4 0 9 6 3 0.10 | 0.47] 1.13] Steel

“ .
Conveationel 2.3 8.1 0.22 1.48 . W 17 Y] 20 1.00 | 2.00| 3.00{ Steei
teening
Continuous casters]095 2.9 0.28 0.67 6 4 ] 1 0.43]V.00] 1.58] Steel
Soaking pits® .76 5.44 0.26 6.93 ] 45 2 1 0.10 {1.94] 3.78] Steel
Scarfing machines ]1.80 4.00 oNn 0.90 0 k1] 20 ] -]0.10 ] 1.94] 3.78} Steel
faheat furnaces® 11.35 7.50 0.06 1.53 2 " 21 4 0.106]1.94] 3.78] Steel
Soflers F41) 4800 ] 33 128 109 14 10 ] 100 } 250 | 750 ™ Btu/h

. The basts 15 a1l coke quenching in a plant, not individual quench towers.
’ The basis I3 o battery of sosking pits, not individual pits.

€ The bests 13 a group of reheat furnaces, not individus) rehest furnaces.
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APPENDIX A

Table A~1. INTEGRATED STEEL MILLS IN THE UNITED STATES

PEDCo

Plant

1.D. Company Plant City County State

045-01 | Alan Wood Steel | Ivy Rock & Swede- [Ivy Rock & Montgomery PA
Co. land Plants?@ Swedeland

079-02 | Armco Steel Middletown WOrksb Middletown Butler OH
Corporation (Hamilton)

103-03 | Armco Steel Ashland Works Ashland Boyd KY
Corporation

216-04 | Armco Steel Houston Works Houston Harris TX
Corporation

151~05 | Bethlehem Steel | Bethlehem Plant Bethlehem Northampton PA
Corporation ’

115-06 | Bethlehem Steel | Sparrows Point Sparrows Baltimore MD
Corporation Plant Point

162~07 | Bethlehem Steel | Lackawanna Plant Lackawanna Erie NY
Corporation

195~08 | Bethlehem Steel | Johnstown Plant Johnstown Cambria PA
Corporatiop

067-09 | Bethlehem Steel | Burns Harbor Burns Harbor| Porter IN
Corporation Plant

038-10 | CF & I Steel Pueblo Plant Pueblo Pueblo co
Corporation

197-11 | Crucible Inc. Midland Plant Midland Beaver PA

103-12 | Empire-Detroit Portsmouth Plant {Portsmouth Scioto OH
Steel

123-13 | Ford Motor Co. '| Rouge Works Dearborn Wayne MI

070-14 | Granite City Granite City Granite City| Madison IL
Steel Works

123-15 | Great Lakes River Rouge & River Rouge Wayne M1
Steel Ecorse Works® & Ecorse

{(continued)
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Table A-l. (continued)
T R S AT AR AREAN R RO R O R R R R RBRRERERERRR

PEDCo
Plant . .
1.D. Company Plant City County- State
067-16 Inland Steel Indiana Harbor East Chicago Lake IN
Company Works
067-17 Interlake Inc. Chicago Plant & |South Chicago Cook 1L
Riverdale sta- & Chicago
tion Works
197~18 | Jones & Laughlin| Pittsburgh Works|Pittsburgh Allegheny PA
Steel Corp.
197~19 | Jones & Laughlin|{ Aliquippa Works |Aliquippa- Beaver: PA
Steel Corp.
174-20 Jones & Laughlin| Cleveland Works |Cleveland Cuyahcga oH
Steel Corp.
024~-21 Kaiser Steel Ffontana Works Fontana Fan Bernardino ca
222-22 Lone Star Steel lone Star Works | Lonestar Morris T
Company
123-23 Mclouth Steel Trenton Works® Trenton Wayne MI
Corporation
178-24 | Republic Steel | Mahoning Valley®|warren & Trumbull & OH
Corporatian Dist. Niles & Mahoning
Warren Works Youngstown
Youngstown Works
174-25 | Republic Steel Cleveland Works | Cleveland Cuyahoga OH
Corporation
162-26 Republic Steel Buffalo Works Buffalo Erie NY
Corporation : )
174-27 | Republic Steel | Cantral Alloy¥ |cCanten Stark. OH
Corporation . Dist. Massillon
Canton Works
Magsillon Works
067-28 Republic Steel South Chicago South Chicagol Cook IL
Corporation Works )
(continued)



Table A-1l. (continued)
PEDCo
Plant
I1.D. Company Plant City County State
003-29 Republic Steel Gulfsteel Works Gadsden Etowah AL
178-30 Sharon Steel Sharon Works Sharon Mercer PA
Corporation
045-31 United States Fairless Works Fairless Bucks PA
Steel Corpora- Hills
tion
197-32 United States Homestead Horksh Homestead ‘Allegheny PA
Steel Corpora- | (includes Clair-
tion ton)
174-33 United States Lorain Cuyahoga1 Lorain lorain & OH
Steel Corpora- Works (incl. Cuyahoga
tion Cleveland Works)
197-34 United States National Duguesne|Dugquesne Allegheny PA
Steel Corpora- | Worksl (Incl.
tion McKeesport
Plant)
178-35 United States Youngstown Works | Youngstown Mahoning & OH
Steel Corpora- Trumbull
tion
067-36 United States Gary Works Gary Lake IN
Steel Corpora-
tion
197-37 United States Edgar ‘rhomsonk Braddock Allegheny PA
Steel Corpora- Irvin Works
tion
067-38 United States South -Works S. Chicago Cook 1L
Steel Corpora-
tion
004-39 ! United States Fairfield Dis~- Fairfield Jefferson AL
Steel Corpora- trict Works .
tion
220-40 United States Geneva Works Geneva Utah uT
Steel Corpora-
tion
(continued)



Table a-~l. (continued)

I.D. Company Plant City County State
181-41 | Weirton Steel Weirton Plant’ Weirton Hancock w
181-42 Wheeling Pitts~ Steubenville™ Steubenville | Jefferson oft
burgh Steel Plant
Corporation
197-43 | wheeling Pitts~ |Monessen Works Monessen Westmoreland PA
: burgh Steel
Corporation
06744 Wisconsin Steel |South Chicago South Chicago| Cook IL
Works
' n
178-45 Youngstown Sheet|Campbell Works Campbelil Mahoning OH
& Tube Co. '
067-46 Youngstown Sheet|Indiana Harbor East Chicago | Lake IN
& Tube Co. Works
178-47 Youngstown Sheet Briei Hill Works | Youngstown Mahoning OH
& Tube Co.

@ All facilities are shut down except the coke plant which is

m o O U

<3

now operated by Keystone Coke Co.

Armco Middletown includes the plant at Hamilton.

Great lLakes Steel includes the plants at both River Rouge and Ecorse.
Interlake South Chicago also includes the works at Riverdale Station.
Mclouth Steel includes the works at Trenton, Detroit, and Gibraltar.

Republic Steel Mahoning Valley District Works include both the Warren Works and
the Youngstown Works..

Republic Steel Central Alloy District includes both the Canton wWorks and the
Massillon Works.

U.S.S. Homestead includes Rankin, Saxonburg, chec:pOtt,cnd the Clairton Works.

U.S.S. Lorain =~ Cuyahoga Works includes the Lorain Works and the Cleveland Work:
which has two locations within Cleveland.

U.S.S. National Duqguesne Works also includes the McKeesport Plant.

U.S.S. E.T. Irvin Works includes the locations of Braddock, Dravosburg, and
Vandergrifet.

Weirton Stesl includes the facilities at Stsubenville.

P Wheeling-Pittaburgh's Steubeaville Plant includes the Coke Plant at Pollansbee,

West Virginia.

Only operating facilities ars included in the census, the msjority
of the plant is shut down.
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APPENDIX B

Table B-1l. SINTER PLANTS IN INTEGRATED STEEL MILLS

State . Plant T Capacity
County/City Company 100 Strands | Ft2 G.A. | width - (106 TPY)
Alabama

Etowah/Gadsden Republic 003-29 1 569 6' 0.5¢*

Jefferson/Fairfield uss ‘ 004-39 4 1760 3-6' 2.90

1344 1-8

San Bernardino/ Kajiser 024-21 2 1224 | 6 1.4

Fontana :
Colorado

Pueblo/Pueblo CF¢1 038-10 2 1224 6 0.9
Illinois

Cook/S. Chicago Interlake 067-17 1 1022 83" 1.2

Cook/S. Chicago uss 067-38 1 1344 8 1.4

Madison/Granite City Granite City 070-14 1 1024 8°* 1.n8

Cook/S. Chicago Wisconsin 067-44 1 432 6" .2
Indiana

Lake/E. Chicago Inland 067-16 1 1344 8' 1.2¢

Lake/Gary Uss 067-136 S 1879 j-8'3" 4.9

1224 2-6' 1.1
Lake/E. Chicago ¥YS&T 067-46 1 1344 8 1.46
Porter/Burns Harbor Bethlehem 067-09 1 2020 13 2.20

(continued)
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Table B-1 (continued)

State Plant Ca acity
County/City Company 108 Strands Ft2 G.A. | width {10° TPY)
Kentucky
Boyd/Ashland Armco 103-0) 1 807 }18'3" 0.88
Maryland
Raltimore/Sparrows Bethlehem 115-06 6 3072 |6 3.9¢
Point : 1 1800 fsvs- 4.45
Michigan
Wayne/River Rouge Great 123-15 1 2400 {2' 2.0
Lakes
New York
Erie/Buffalo Bethlehem 162-07 2 122; 2-6' 1.46
{Lackawanna)
Ohio .
Cuyahoga/Cleveland JsL 174-20 1 NA |8 0.9*
Mahoning/Youngstown uss 178-35 1 1344 Jo° 1.5¢
Trumbull/Warren Republic 178-24 1 432 6 0.4°
(nvp)
Butler/Middletown Armco 079-02 1 168 [ 0.96
Lorain/lorain uss 174-133 1 459 1 6° 0.41
Cuyahoga/Cleveland Republic 174-24 1 a9 |e .4(est)

(continued)



Table B-1 (continued)

State Plant Capacity
County/City Company 108 Strands | Ft?2 G.A. Width (106 TPY)
Pennsylvania’ o
Bucks/Fairless Hills uss 045-31 2 2787 2-8° 2.6)
Butler/Saxonburg uss 197-32 3 3879 8'3" 4.5
(Homestead) .
Beaver/Aliquippa JsL 197-19 1 NA 132" 2.37
Cambria/Johnstown Bethlehem 195-08 2 1192 2-6" 0.99
Allegheny/McKeesport uss 197-34 1 NA 6 0.18
(Nat-Duq)
Northampton/ Bethlehem 151-0% 4 1984 4-6" 2.4°
Bethlehem
Westmoreland/Monessen Wheeling~ 197-43 1 612 6' 0.55
Pittsburgh
Texas
Harris/Houston Armco 216-04 1 536 6! 0.50
Morris/Lone Star Lone Star 022-22 1 550 5 .70
Utah
Utah/Geneva uss 220-40 2 1224 2-6" 1.1
West Virginia
Hancock/Follansbee wheeling- 181-42 1 1018 6’ 0.55
Pittsburgh
Hancock/Weirton Weirton 181-41 1 832 '1-8' 0.94
1 1764 1-12° 2.05

* Capacity from EPA 600/2-76-002 (January, 1976) Sintering Plant Emissions Using ESP, Verga, Battelle

Remaining Capacity data from 308 survey data.
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Table B-2. COKE BATTERIES IN INTEGRATED STEEL MILLS

State Plant iBatteries/ Oven Capacity
County/City Company 100 Ovens Height {(m) (106 TPY)
Alabama '
1. Jefferson/ uss 004-39 2-7) 4.0 2.0
Fajrfield 3-63 4.3
2-77 3.4
3. Etowah/Gadsden Republic | 003-29 2-65 4.0 0.87
: Jefferson/Birming- 1-65 4.0 0.19
ham
California
3. San Bernaxdino/ Kaiser 024-21 71-45 4.0 1.5
Fontanas
Colorado
$9laraco
4. Pueblo/Pueblo CFsl 638-10 1-65 4.0 0.96
1-47 4.0
iI-31 4.0
1liinols
$. Madlson/Granite Granite 070~-14 2-76 4.0 0.96
City City 1-61 4.0
) 4.0
§. Cook/S. Chicago Wisconsin| 067-44 1-45 5.0 0.3?
7. Cook/S. Chicago Inter}ake| 067-17 2-50 3.9 0.64
8. Cook/S. Chicago Republic | 067-28 1-75 4.0 0.50

(continued)




Table B-2 (continued)

State Plant tBatteries/ Oven Capacity
County/City Company 108 Ovens Height (m) (105 TPY)
Indiana '
9. Lake/E. Chicago Inland ° 067-16 1-56 (pipeline) 6.2 3.17
1-65 }.?
3-07 3.7
1-51 6.1
10. porter/Burns Bethlehem] 067-09 2-82 6.2 2.4)
Hlarbor
11. Lake/Gary uss 067-36 1-85 6.2 4.37
2-57 6.2
5-77 3.1
12. Lake/E. Chicago YS&T 067-46 1-81 4.0 0.97
1-75 4.0
maryland
1)}. Baltimore/ Bethlehem | 115-06 1-60 3.1 .58
Sparrows Point 5-613 1.1
2-61 3.7
4-65 3.7
Michigan
14. Wayne/Dearborn Ford 123-13 1-45 4.0 1.58
Motor 2-61 4.0
. 1-25 4.0
1-13 4.0
15. Wayne/River Rouge | Great 123-15 1-70 4.0 1.97
Lakes 1-78 4.0
1-85 6.0

(continued)



Table B-2 (continuedi

/

fbatteries/

State Plant Oven Cepacity
County/City Company 100 Ovens Height (m) (106 TPY)
- 3 g 2
New York '
16. Erie/Lackawanna Bethlehem | 162-07 1-76 3.6 1.3
1-76 6.0
Ohio
17. Scloto/Portsmouth |Empire- 103-12 1-70 4.0 0.42
) Detroit
18. Butler/Hamilton Armco 0719-02 1-45 3.8 0.59
' 1-15 3.8
2-25 3.8
19. Butler/Middletown ]Armco 079-02 2-57 6.0 1.35
' 1-76 ‘.0 0.54
20. Lorain/Lorain uss 174-3) 7-59 3.1 1.63
1. Mahoning/Youngstown] Republic 178-24 1-38 3.9 1.10
1-65 3.9
1-59 3.9
22. Trumbull/Marren Republic 178-24 2-40 3.9 0.68
& Niles
23. Cuyahaga/Cleveland ] Republic 174-25 4-51 3.8 2.3
. ’ 2-61 4.0
24, Stark/Massillon Republic 174-27 1-31 3.9 0.21
25, M#ahoning/Campbell ¥SeT 178-45 3-76 4.0 1.39
Pennaylvania .
26. MWestmoreland/ Wheeling- 197-43 1-74 4.0 0.67
Monessen Pitts, 1-19 4.0

(continued)
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APPENDIX B~

Table B-1. SINTER PLANTS IN INTEGRATED STEEL MILLS
State Plant Capacity
County/City Company 10¢ Strands | Ft2 G.A. | width - (106 TPY)
Alabama
Etowah/Gadsden Republic 003-29 1 569 | 6° 0,5*
Jefferson/Fairfield uss 004-139 4 1760 3-6" 2.90
1344 1-8*
California
San Berpardino/ Kajser 024-21 2 1224 6 1.4
Fontana
Colorado
_ Pueblo/Pueblo CFsl 038-10 2 1224 | 6° 0.9¢
Illinois
Cook/S. Chicago Interlake 067-17 1 1022 8'3” 1.2
Cook/S. Chicago uss 067-38 1 1344 8' 1.4*
Madison/Granite City Granite City 070-14 1 1024 8 1.08
Cook/S. Chicago Wisconsin 067-44 1 432 6' .2
Indiana
Lake/B. Chicago Inland 067-16 1 1344 8 1.2¢
Lake/Gary uss 067-36 5 3879 3-'3" 4.9
1224 2-6" 1.1
Lake/E. Chicago ¥YS&T 067-46 i 1344 8 1.46
Porter/Burns Harbor Bethlehem 067-09 1 2020 13 2,20

(continued)
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Table B-I (continued)

(continued)

ftate Plant 2 Cagacity
County/City Company 100 Strands Fté G.A. | wWidth (10° TPY)
‘ Kenguck¥ '
Boyd/Ashland Armco 103-0) 1 a07? a'l* 0.08
Maryland
Baltimore/Sparrows Bethlehen 115-06 6 3072 |6 3.98
Point ’ 1 3800 p9*s" 4.45
Michigan
Wayne/River Rouge Great 123-15 1 2400 J12¢ 2.0
Lakes
tew York
Erie/Buffalo Bethlehem 162-07 2 1224 2-6* 1.46
{Lackawanna)
ohto .
Cuyahoga/Claveland JéL 174-20 1 NA 8’ 0.9*
Mahoning/Youngstown uss 178-35 1 1344 8 1.5¢
Trumbull/Warren Republic 178-24¢ 1 432 6 0.4¢
. (hvD)
Butler/Middletown Armco 079-02 1 768 |NA 0.96
loratin/lorain uss 174-33 1 459 6° 0.41
Cuyahnga/Cleveland Republic 174-25 1 419 }e* .4lest)



e —————— e e e e

Table B-1 (continued)

e
State Plant Capacity
County/City Company (] Strands | Ft? G.A. Width (106 TPY)
Pennsylvania '
Bucka/Fairless Hills uss 045-31 2 2787 2-8° 2.63
Butler/Saxonburg uss 197-32 3 3879 8'3” 4.5*
(Homestead)
Beaver/Aliquippa JsL 197-19 1 NA L 13'2% 2.37
Cambria/Johnstown Bethlehem 195-08 2 1192 2-6" 0.98
Allegheny/McKeesport uss 197-34 1 NA 6' 0.18
) {Nat-Duq)
Northampton/ Bethlehem 151-05 4 1984 4-6' 2.4*
Bethlehem
Westmoreland/Monessen Wheeling- . 197-43 1 612 6' 0.55
. Pittsburgh
Texas
' Harris/Houston Armco 216-04 1 536 [ ¥ 0.50
Morris/Lone Star Lone Star 022-22 1 550 5’ .70
Utah
Utah/Geneva uss 220-40 2 1224 2-6' 1.1
West Virginia
Hancock/Follansbee Wheeling- 181-42 1 1018 6' 0.55
Pittsburgh
Hancock/Weirton Weirton 181-41 1 832 '1-8° 0.94
1 1764 1-12" 2.05

* Capacity from EPA 600/2-76-002 (January, 1976) Sintering Plant Emissions Using ESP, Vergu, Battelle

Remaining Capacity data from 308 survey data.



Table B~2. COKE BATTERIES IN INTEGRATED STEEL MILLS

§Batteries/

(continued)

State Plant Ooven Capacity
Coupty/City Company ing Ovens Height (m) (106 1pY)
“Alabama .
1. Jetterson/ uss 004-39 2-73 4.0 2.9
Fairfield 3-63 4.3
-1 3.4
¢. Etowah/Gadsden Republic | 003-29 2-65 4.0 0.07
Jefterson/Birming- : 1-65 4.0 0,39
ham
Celifornia
3. San Bernardino Kaiser 024-21 7-45 4.0 1.5
Fontana .
Colorado
4. Pueblo/Pueblo CF41 038-10 1-65 4.0 0.96
1-47 4.0
1-31 4.0
Illinois
$. Madison/Granite Granite 070-14 2-76 4.0 0.96
City City 1-61 4.0
4.0
6. Cook/S. Chicago Wisconsin| 067-44 1-45 5.0 0.37
7. Cook/S. Chicago Interlake| 067-17 2-50 3.9 0.64
8. Cook/S. Chicago Republic | 067-28 1-75 4.0 0.50



Table B-2 (continued)

State Plant fBatteries/ Oven Capacity
County/City Company 1D} Ovens Height (m) (106 TPY)
Indiana
9. Lake/E. Chicago Inland 067-16 1-56 (pipeline) 6.2 3.17
l-6g 3.7
3-87 3.7
1-51 6.1
10. Porter/Burns Bethlehem| 067-09 2-82 6.2 2.4
Harbor
11. Lake/Gary uss 067-136 1-85 6.2 4.37
2-57 6.2
5-77 3.1
12. Lake/E. Chicago YS&T 067-46 1-81 4.0 0.97
1-75 4.0
Maryland
1). Baltimore/ Bethlehem | 115-06 1-60 3.1 3.58
Sparrows Point 5-61 3.1
2-61 3.7
4-65 3.7
Michigan
14. Mayne/Dearborn Ford 123-13 1-45 4.0 1.58
Motor 2-61 4.0
1-25 4.0
1-13 4.0
15. Wayne/River Rouge Great 123-15 1-70 4.0 1.97
Lakes 1-78 4.0
1-85 6.0

(continued)
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Table B-2 {(continued)

State

Plant #Batteries/ Oven Capacity
County/City Company 100 Ovens Height (m) (105 Tey)
New York
}6. Erie/Lackawanna Bethlehem | 162-07 1-76 3.6 1.3
1-76 6.0
Ohio
17, Scioto/Portsmouth |[Empire- 103-12 1-70 4.0 0.42
Detroit
i18. Butler/tamijton Armco 079-02 1-45 1.8 0.59
1-15 3.8
2-25 3.8
19. Butler/Middletown |Armco 079-02 2-57 6.0 1.3
1-76 4.0 0.54
20. Lorain/Lorain uss 174-3) 7-59 3. 1.6)
21. Mahaning/Youngstown! Republic 176-24 1-38 3.9 1.10
. 1-65 3.9
1-59 3.9
22, Trumbull/Warren Republ ic 178-24 2-40 3.9 0.68
¢ Niles ’
23. Cuyahoga/Cleveland | Republic 174-25 4-51 3.8 2.3
2-6) 4.0
24. Sstark/mMassillon Republic 174-27 1-31 3.9 0.2)
33%. Mahoning/Campbell ¥YSsT 178-45 3-76 4.0 1.39
Pennsylvania .
26. Westmoreland/ Wheeling- | 197-43 1-74 4.0 0.67
Monessen Pitts. 1-19 4.0

(continued)




Table B-2 (continued)

State Plant iBatteries/ Oven Capacity
County/City Company 1] Ovens Height (m) (106 TPY)
27. Beaver/Aliquippa J.sL. 197-19 2-106 4.0 2.54
- 1-59 4.0
. 1-56 6.2 (pipe-
line charg-
ing)
18. Allegheny/ J.sL. 197-18 1-79 4.0 1.93
Pittsburgh 4-59 4.0
29. Beaver/Midland Crucible 197-11 1-21 3.0 0.46*
1-63 3.0
1-29 .0
30. Montgomery/ Alan Wood | 045-01 2-55 3.0 0.45
Swedeland
31. Northampton/ Bethlehem | 151-05 2-51 3.0 2.1
Bethlehem 1-80 l.8
1-80 6.4
32. Cambria/Johnstown | Bethlehem | 195-08 1-74 3.8 0.42
33. Bucks/Fairless uss 045-31 2-87 3.7 1.1
34. Allegheny/Clairton| uss 197-32 9-64 3.6 7.6
1-85 3.1
6-61 3.6
4-87 4.2

(continued)
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Table B-2 (continued)

s(otp ' ' Plant #Batteries/ Oven © Capacity

County/Clty Company 1Dy Ovens Welght (m) (106 TpY)

Texas )

35. Morris/Lone Star Lone Star [022-22 2-39 3.7 : 0.44

36. Harris/Hoyston Agmco 216-04 1-47 : 4.0 0.38
1-15 4.0

Utah

37. utah/Geneva uss 220-40 4-63 4.0 1.3

West Virginias

38. Brooks/rollansbee | Wheeling- |181-42 2-47 3.0 2.1
Pittsburgh : 1-51 3.0
1-63 4.0
1-79 6.0

39. Hancock/Weirton Welirton 181-41 1-87 6.0 3.0
2-53 4.0
1-61 4.0
2-41 4.0

’ Estimsted by PEDCo, remalning capacity data from 308 survey data.



Table B-3.

BLAST FURNACES IN INTEGRATED STEEL MILLS

State Plant No. of Hoarth Working Capacity
County/City Company 100 furnaces Diameter Volume (106 TpPY)
Alabama
Jefferson/ uss 004-39 6 22' o" 30,3913 2.94
Fairfield 22" 6 33,235
21' 6" 31,065
25 o" 40,829
25' 0" 40,995
28° 9" 52,070
Etowah/Gadsden Republic 003-29 2 11* ¢~ 19,700 0.99
26" 0" 45,600
California
San Bernardino/ Kaiser 024-21 4 27 0" . 40,413 2.63
Fontana 27' 0" 40,41)
27 0" 40,43)
29 6" 51,212
Colorado
Pueblo/Pueblo CFs1 038-10 4 (2)*] 22* 9" 32,000 1.1¢6
21 0" 30,600
21' 6" 24,656
21 9" 31,310
Illinois
Cook/S. Chicagqo Wisconsin 067-44 2 19* 9~ 23,117 0.91
25 0" 35,790
Cook/S. Chicago uss 067-38 8 23 o" 31,702 4.45 (for
25 9" 37,054 7 active)
-21* 6" 25,700
22° 3" 25,758
32 o 68,5138
25 3" 36,232
29* o" 51,004
29 0" 51,004

(continued)
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Table B-3 (continued)

State rlant No. of flearth Working Capacity
County/City * Company 104 furnaces § Diametor Volume (106 TryY)
111inois (Continued)
Cook/S. Chicago Republic 067-28 1 28° o° 54,400 | 0.91
Madlson/Granite Granite City 070-14 2 27 )" 50,428 1.90
City ’ 28' o- 51,172
Cook/8. Chicago Interlake 061-17 2 25°' 3* 41,449 1.24
) 19*' &~ 27,027
Indiana
Lake/Gary uss 067-36 13 20 6" 24,194 8.96
. ’ 20 6" 24,194
20" 6" 24,929
28° 3" 47,563
20 6" 27,326
28 0* 47,550
28° 0" 42,106
26° 6" 41,017
23t 10" 20,827
27* to* 42,680
27* 10" 39,256
25' o" 39,256
40’ 0" 100,100
Porter/Burns 8ethlehem 067-09 2 38’ 3" 89,204 | 4.00
Harbor . 35 0" 86,477
Lake/B. Chicago YSsT 067-46 4 27 6" 48,191 3.90
22° ©~ 28,532
29 6" 55,900
32° 0" 69,1775
Lake/E, Chicago Inland 067-16 8 21* 6" 32,179 | 6.1
19' 10" 24,265
21' 6" 11,946
20 10" 29,5858
26* 6" 48,21R
26' 6" 46,290
26' 6" 46,294
26' 6" 46,595

(continued)
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Table B-3 (continued)

State Plant No. of flearth Working | Capacity
County/City Company e furnaces Diamctcr Volume (106 TpY)
Kentucky
Boyd/Ashland Axmco 103-03 2 33 5" 72,000 2.2
28° 9* 52,538 .
Maryland
Baltimore/ Bethlehem 115-06 8 25' 6" 38,895 |6.95
Sparrows Point 25 6" 38,895
28' 0" 42,245
28° 0" 42,858
19 9~ 24,892
28* 0" 47,101
36’ ¢” 54,515
3¢* 0~ 54,830
jo' o" 54,799
Michigan
wWayne/Dearborn Ford Motor 123-13 3 20" ¢° 28,000 2.43
. 20° 0" 27,400
29 0" 54,907
Wayne/River Rouge | Great Lake 123-15 4 30' 6" 62,434 4.0
29' o" 55,468
28° 3* 50,605
28' 0" 53,252
Wayne/Trenton McLouth 123-23 2 30' 0" 57,238 1.83
30* 0" 57,238
New York
Erie/Lackawanna Bethlehem 162-07 6 21 3" 28,421 4.56
. 29' 6" 51,037
26' 0" 39,614
27' o" 39,991
29' 0° 51,897
29 11°* 55,112

(continued)
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Table B-3 (continued)

State ’ Plant No. of Weacth Working | Capacity
County/City Company {1 furnaces | Piamcter Volume (106 TPY)
New York (Coptinued) ' '
Erie/Buffalo Republic 162-26 2 21 6" © 27,700 | L.16
) 22¢ 9" 33,500
Ohio ‘
Mshoniag ¢ uss ' 178-35 4 25* o° 37,058 | 1.72 (for
Trumbull/ . 23 6* 34,724 3 active)
Youngstown 231’ Q" 33,986
: 25 0" 37,356
Lorain/lorain Uss 174-22 5 ‘21 0" 20,628 2.90
. 23 3" 28,97)
28* 6" 48,50%
29 0" 49,196
3’ S 20,589
Cuyahoga/ uss 174-33 1 26 0" 42,140 { 0.351
Cleveland
Butler/Hamiltan Armco 079-02 2 18* 6" 22,653 | 0.9)
19' s° 27,467
Butler/Middletown | Arwmco 019-02 1 29' 6" 55,324 | 1.7)
Cuyahoga/Cleveland| J.sL, 174-20 2 27 6" 46,600 | 1.96
30° 6~ 57,200
Scloto/Portsmouth | Empire- 103-12 1 29° ° 53,7653 ] 0.7}
Detroit
Mahoning/ . Republic 178-24 2 26 3" 42,700 1.40
Youngstown 26" 3" 46,500
Trumbull/Marren & Republic 176-24 1 28' o" 53,200 1.02
Niles

(continued)
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Table B-3 (continued)

State . Plant No. of learth Working Capacity
County/City Company 10¢ furnaces | Diamcter Volume (106 TPY)
Ohio (Continued)
Cuyahoga/ Republic 174-25 q 271 0" 44,900 3.36
Cleveland 27* oO" 43,270
29° 6" 56,100
28' 0" 55,1300
Stark/Canton Republic 174-27 1 (0)+ 18' 4~ 21,600
Mahoning/ YS&T 178-45 4 22 5" 30,457 1.97
Campbell 22 5" 30,561
24" 6" 43,188
23 9" 40,965
Jetferson/ Wheeling- 181-42 S 25' 0" 37,161 2.66
Steubenville Pittsburgh 23* 0" 35,415
24' O 33,661
21 1/2" 27,639
24' 9" 40,5136
Pennsylvania
Allegheny/ uss 197-34 3l 24' 0" 30,613 1.4
McKeesport 25 o" 34,825
22 5" 28,329
Allegheny/ uss 197-34 4 20' o" 25,909 2.5
Duquesne 2y 0" 32,113
24" 6" 35,215
28' 0" 58,045
Cambria/Johnstown | Bethlehem 195-08 2 (1* | 26 0" 47,578 | 1.9
28°' O 48,578 {for 2)
SSs 045-31 3 29' 6" 55,651 3.0
Bifkg/Fairiess v 36° io~ 33,940
: jo* 10" 58,940

(continued)
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Table B~-3 (continued)

State Plont No. of Hearth Workinyg |} Capacity
County/Clty Company 108 furnaces | Piamcter Vo lume {106 TPY)
Pennsylvania (Continued
Allegheny/ Uss 197-32 1 (0)* 23 0" 30,120
Clairton
Allegheny/ uss 197-32 4 (0 29' 6 51,281 2.3
Rankin 29 6" 51,281 (for 4)
. 23’ 6" 31,558
23° 6" 31,558
Northampton/ Bethlehem 151-05 [} 30' o* 54,431 3.87
Bethlehem . 27° 11" 49,748
3ot o" 54,519
24' 0" 41,068
Allegheny/ J.sL. 197-18 3 (1) 22' o* 28,600 1.93 (for
Pittsburgh 29' o" 54,400 )
26°* 6~ 35,400
Beaver/Midland Crucible 197-11 2 26 6" 46,655 1.1
19* o 27,580
Mercer/Sharon Sharon 178-30 2 ’ 21 1" 30,850 1.02
23 1" 31,550
Allegheny/ Uss 197-317 S (N 28* 10" 48,906 3.25
. Braddock . 28°* 10" 48,986
26' 0" 36,837
25 0" 31,980
23’ 6" 32,510
Westmoreland/ Wheeling~ 187-43 3 19* 0" 24,661 1.6
Monessen Pittsburgh 19°* 0" 25,025
28' ¢" 51,000

(continued)
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Table B-3 (continued)

State Plant No, of Hecarth Working Capacity
County/City Company 1D¢ furnaces | Diamcter Volume (106 1Y)
Pennsylvania {Continued ',
Aliquippa J.sL. 197-19 S 28' 6" 43,900 4.0
Beaver/Aliquipp n . aeos
28 6" 34,100
29' o” 54,400
27" 13" 31,500
Texas
Harris/Houston ‘Armco 216-04 | 1 27' 3" 54,890 | 0.8
Morris/Lone Star | Lone Star 022-22 1 27* o* 52,810 { 0.57
utah
h/Geneva Uss 220-40 3 26 6" 43,666 2.1
Utah/G 26' 6" 43:666
26 6" 43,855
West Virginia
Hancock/Weirton Weirton 181-41 4 27* 0" 56,197 | 2.89
27 o" 45,960
25 6" 47,135
25" 6" 47,135 L

¢ Number of furnaces listed in Air and Water Compliance Summar
October 20, 1977 Capacities are from 308 survey data.
capacity was set equal to typical production.

y of the Steel Industry EPA Office of Enforcement,

Where typical production was reported greater than capacity,
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OPEN HEARTH

SHOPS IN INTEGRATED STEEL MILLS

State
County/City

Company

Plont
1D

No, of
furnaces

Heat
sz

Control
devica

Annual
capacity
(106 tons)

California

* San Berngr-~
dino/Fontans

Illinois

Cook/S.
Chicago

Indlana

Lake/E.
Chicago

Lake/E.
Chicago

Maryland

Baltimore/
Sparrows Point

Ohio

Butler/
Middletown

Scioto/
Portsmouth

Cuyahoga/
Cleveland

-Mahoning &
Trumbull/
Youngstown

" {continued)

Kaiser

Republic

Inlapd

YSeT

Bethlehem

Armco
Empire-
Detroit

Republic

uss

024-21

067-28

06716

067-46
115-06

079-02
103-12
174-25

178-35

8 (5 down)

2-operat-
ting part-
time

14

8-225

2-250

7-350

6-315
7-420

6-310
5-320
4-400

14-163

ESP

ESP

ESP

Venturi Scrubber

ESP and Scrubber

venturi Scrubber
No control device
ESP

ESP

1.80

0.22

2.40

2.7

3.95

2.0
0.97
1.18

1.72
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Table B-4 (continued)

State rlant No. of ficat Control
County/City Company D¢ furnaces sizc device
Ohio (Continued)
Mahoning/ YS&T - 178-47 |11 11-175 No control device
Youngstown.
Penngylvania
Cambria/ Bethlehem |195-08°| 6 6-180 | Esp
Johnstown
Allegheny/ Jones & 197-18 6 6-340 | ESP
Pittsburgh Laughlin
. Bucks/Fairless] USS 045-31 9 9-1395 | ESP |
Hills : : -
Allegheny/ uss 197-32 |11 11-320 | ESP
Homestead
Texas
Moxris/ Lone 022-22 5 5-250 | Steam-hydro
Lone Star Star .
Utah
Utah/Geneva Uss 220-40 | 10 10-340 | ESP




Table B-5. BASIC OXYGEN FURNACES IN INTEGRATED STEEL MILLS

State Plant No. of capacity
County/City Company ne furnaces | Heat size (106 TPY)
Alabama .
Etgyah/Gadsden Republic 003-29 2 2-150 1.61
Jeffexrson/ uss 004-39 2 2-200 (Q-80P) 2.72
Fairtield '
California
San Bernardino/ Kaiser ©024-2) ) 3-120 1.40
Fontana ‘ '
Colorade
)
3 Pueblo/Pugblo CFel 038-10 2 2-120 1.)0
[ ol
[+
Ilionis
Cook/Chicago Interlake 067-17 2 2-75 0.88
Madison/Granite Granite City| 070-14 2 2-235 2.52
City
Cook/§. Chicago uss 067-38 3 3-200 4.1°
Cook/S. Chicago Republic 067-28 2 2-200(Q-BOF) 2.70(est)
Cook/8. Chicago Wisconsin 067-44 2 2-140 1.27
Indiana
Lake/E. Chicaga Inland 067-16 4 2-255 4.0
2-210 3.65
Porter/Burng Bethlehem 067-09 2 2-300 4.4
Hagbor
Lake/Gary uss 067-136 6 3-220 (Q-BOP) 4.5
Co 3-220 | 5.5

(continued)
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Table B-5 (continued)

State Plant No. of Capacity
County/Clty Company 100 furnaces | licat size | (106 Tpy)
Indiana (Continued)
Lake/E. Chicago YS&T 067-46 2 2-285 3.8
Rentucky
Boyd/Ashland Armco 103-03 2 2-180 2.4
Maryland
Baltimore/ Bethlehem 115-06 2 2-220 3.35
Sparrows Point .
Michigan
Wayne/Dearborn Ford Motor 123-13 2 2-250 2.85
Wayne/Trenton McLouth 123-23 H 5-110 2.65
Wayne/River Rouge | Great Lakes 123-15 4 2-300 1.6
and Ecorse 2-200 2.0
New York
Erie/Lackawanna Bethlehem 162-07 k] 3-300 8.10
Erle/Buffalo Republic 162-26 2 2-125 1.66
Ohio
Butler/Middletown Armco 079-02 2 2-200 2.1
Cuyahoga/Cleveland | J.&L. 174-20 2 2-20% 2.40
Trumbull & Republic 178-24 2 2-150 2.60
Mahoning/Warren,
Niles and
Youngstown

(continued)
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Table B-5 (continued)

State Plant No. of Capacity
County/City Company 10 furnaces | lieat size | (100 TPY)
Ohio {(Continuped)
Cuyahoga/ Republ ic 174-25 2 2-245 3.58
Cleveland
lorain and uss 174-33 2 2-225 2.80
Cuyahoja/lorain
Jefferson/ Wheeling~ 161-42 2 2-285 3.12
Steubenville Pittsburgh
Pennsylvania
Northampton/ Bethlehem 151-05 2 2-270 J.16
Bethlehem
Beaver/Midland Crucible Inc. | §97-11 2 2-100 0.9¢
Beaver/Aliquipp. J.sL. 197-19 3 3-200 3.5
Mercer/Sharon Sharon 178-30 3 3-150 1.28
Allegheny/Duquesne | USS 197-34 2 2-215 2.4
Allegheny/Braddock § USS 197-37 2 2-230 2.03
Westmoreland/ Wheeling- 197-43 2 2-200 1.75
Monessen Pittsburgh
West Virginia
Hancock /Meirton Weirton 181-41 2 2-390 4.27

¢ Capacity data marked *
capacity data from 308

was taken from Iron and Steel Engineer, August, 1977, p. 54.

survey data.

Remaining
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ELECTRIC ARC FURNACES IN INTEGRATED STEEL MILLS

State Plant No. ot Capacity
County/City Company 104 furnaces Heat size Type stcel (106 TpY)
Alabama '
Etowah/Gadsden Republic 003-29 2 2-185 Carbon, alloy 0.4 (est})
Colorado
Pueblo/Pueblo CF&l 038-10 2 2-120 Carbon, alloy 0.33
Illinois
Cook/S. Chicago uss 067-38 3 2-200 Carbon alloy 0.72
1-100 Stainless 0.17
Cook/S. Chicago Republic 067-28 3 3-200 Carbon, alloy 0.90
Indiana
Lake/E. Chicago Inland 067-16 2 2-120 Carbon, alloy 0.5
Michigan
Wayne/Ecorse Great Lakes 123-15 2 2-150 Carbon, alloy 0.73
Wayne/Trenton McLouth 123-23 2 2-200 Carbon, 0.42
. stainless
Wayne/Dearborn Ford Motor 123-11 4 4-200 Carbon, alloy 0.91
Ohio
Cuyahoga/Cleveland| J.&L. 174-20 2 2-190 Carbon, high 1.1
strength
Stark/Canton Republic 174-27 7 3-85 Carbon, alloy, 1.54
stainless
4-200 Carbon, alloy,
stainless

(continued)




Table B-6 (continued)

State Plant Na. of Capacity
County/City Campany 100 furnaces flcat size Type stecel (106 1py)
" Pennsylvania’ i
Boaver/Midland Crucible 197-11 H 4-75 Carbon, alloy, 0.4 {est)
stainless
1-25 Carbon, alloy
_ stainless
Mercer/Sharon Sharon 178-30 2 2-110 Alloy 0.33
stainless
Northampton/ Bethiehem 151-05 6 1-7 Alloy 0.3}
Bethlehem "
1-28 Alloy
4-50 Alloy
Bucks/Fairleas uss 045-31 2 2-200 Carﬁon, alloy 0.58
Hills
Allegheny/ uss 197-34 S 1-20 Alloy, 0.38
Duguesne @tainless
1-50 Al loy.
stainless
3-65 Alloy,
stainless
Texas ' :
- - Carbon, allo .42
Harris/Houston Agmco - 216-0d ¢ i-i;; Carbon: alloz
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Table B-7. CONTINUOUS CASTING MACHINES IN INTEGRATED STEEL MILLS
State Plant Annual
County/City Company D¢ f#Machines Product Cast Capacity (TPY)
Colorado

< pueblo/Pueblo CF&1I 038-10 1-6 STRAND Billets 315,000
Illinois
~— Cook/S. Chicago u.s.s. 067-38 1-4 STRAND Billets 928,000

Cook/S. Chicago Wisconsin 067~44 | 1-8 STRAND Billets 318,000
indiana

Lake/Gary U.S.S. 067-36 1-1 STRAND Slabs 1,517,000

Lake/E. Chicago Inland 067-16 1-2 STRAND Slabs 1,500,000

: 1-4 STRAND Billets 500,000

Porter/Burns Harbor Bethlehem 067-09 1-2 STRAND Slabs 1,497,000
Michigan
7 Wayne/Trenton McLouth 123-23 | 1-4 STRAND Slabs 2,400,000

Wayne/Ecorse Great Lakes 123-15 2-4 STRAND Slabs 1,500,000*
Ohio :

Stark/Canton Republic 174-27 1-4 STRAND Billets 275,000

1-2 STRAND Slabs 384,000

Butler/Middletown Armco 079-02 2-2 STRAND Slabs 1,387,000
Pennsylvania

Bucks/Fairless Hills U.s.s. 045-31 1-2 STRAND Blooms 548,000
. Beaver/Aliquippa J&L 197-19 1-6 STRAND Billets 548,000

Beaver/Midland Crucible 197-11 | 1-1 STRAND Slabs 330,000 *
Texas

Morris/Lone Star Lone Star 022-22 | 1-2 STRAND Billets N/A
West Virginia

Hancock/Weirton Weirton 181-41 1-4 STRAND Billets 1,503,000

*Capacities marked (%) are taken from Steel Industry in

_R.L. Deily.

Brief: Databook USA 1977,

Remaining capacities from 308 Survey Data,
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Table B-8.

SOAKING PITS 1IN

INTEGRATED STEEL MILLS

State Plant
County/City Company 1D§ § of pits 8q. Ft. Heating Area
Alabama ' ‘ : '
- Etowah/Gadsden . Republic 003-29 6 6-39786
Jefferson/Fajrfield u.s.S8. 004-39 26 11-1800
15-5896
California
: 5an Bernardino/ Kaiser 024-21 20 20-8200
Fontana
Colorado
v Pueblo/Pueblo CFsl 038-10 59 35-1350
. 24-3000
Illinois
- Cook/S. Chicago Republic 067-28 8 8-653)
Cook/S. Chicago U.Ss.S. 067~38 29 6-2583
4-1960
7-1280
1-441
2-862
9-4523
Madison/Granite City Granite 070-14 8 0-4235
City
Cook/S. Chicago Wisconsin 067-44 9 9-20885
Cook/Chicago Interlake 067-17 4 4-640
Indiana '
Lake/E. Chicago Youngstown 067-46 21 1-484
Sheet & Tube 11-3989
9-7695

{continued)
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Table B-8 (continued)

N

State Plant
County/City Company 104 # of Pits Sq. Ft. Heating Area
Indiana (Continued) e
Y Porter/Burns Harbor Bethlehem 067-09 32 32-9728
Lake/Gary U.S.S. 067-36 58 10-3776
15-5709
2-1071
2-1539
3-4928
12-12,300
14-14,350
Lake/E. Chicagjo Inland 067-16 49 8-5634
26-4682
15-8413
Kentuck
Boyd/Ashland Armco 103-03 50
Maryland .
Baltimore/Sparrows Bethlehem 115-06 79 22-7040
Point 22-4488
5~7170
30-8076
Michigan
Wayne/Ecorse Great Lakes 123-15 22 8-4000
4~2300
10-8500
Wayne/Dearborn Ford Motor 123-13 13 6-4800
7-8400
Wayne/Trenton McLouth 123-23 5 5-2200

{continued)
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Table B-8 (continued)

State . Plant
County/City Company ID# § of Pits Sq. Ft. Heating Area
New York
~ T Erle/Butfalo Republig 162-26 ] 4-3190
Erie/Lackawanna Bethlephem 162-p7 131 32-4288
. ) : i 36-50880
15-2250
12-1696
‘ 26-11,340
Ohio
Mahoning/Youngstown Youngstown 178-47 9 . 2-946
Sheet & Tube 6-2304
1-314
Mahoning/Campbell Youngstown 178-45 10 10-4162
Sheet & Tube
Jefferson/Steubenville W.P. Steel 181-42 13 8-4182
5-2635
Mahoning/Youngstown Republic 178-24 8 8-2520
Trumbull/Warren Republic 178-24 10 10-3780
& Niles
Cleveland/Cuyahoga Republic 174-25 14 9-5429
5-5720
~Stark/Massillon Republic 174-27- 7 7-1601
Stark/Canton Republic 174-27 9 9-4032
Lorain/Lorain U.S.S. 174-13 15 15-8400
Mahoning & Trumbull/ U.s.S. 178-35 18 10-2230
Youngstown 8-1940
Cuyahoga/Cleveland J&L Steel 174-20 11 11-8085
Scioto/Portsmouth Empire- 103-12 14 12-2904
Detroit 1-748
1-792
Butler/Middletown Armco 079-02 32

{continued)




Table B-8 (continued)

LC-H°

State . Plant
County/City Company ID# ¥ of Pits Sq. Ft. Heating Area
Pennsylvania :
Westmoreland/Monessen W.P. Steel 197-43 8 8-3818
Allegheny/Braddock U.Ss.S. . 197-37 26 26-5268
Cambria/Johnstown Bethlehem 195-08 47 12-624
35-5390
Bucks/Fairless Hills u.s.Ss. 045-31 14 .10-2700
4-950
Allegheny/Homestead U.S.S. 197-32 27 10-5670
17-7912
Allegheny/McKeesport U.Ss.Ss. 197-34 10 10-2400
Allegheny/Duquesne U.S.S. 197-34 8 8-6336
Northampton/ Bethlehem 151-05 68 16-960
Bethlehem 4-1024
16-3600
16-960
10-1084
6-1650
Beaver/Aliquippa Jsl Steel 197-19 11 11-6540
Allegheny/Pittsburgh J&L Steel 197-18 12 12-8901
Beaver/Midland ‘Crucible 197-11 10 10-3600
Mercer/Sharon Sharon 178-30 7 3-1296
4-3470
Texas
Harris/Houston Armco 216-04 -34 10-3140
. 24-8064
Morris/Lone Star Lone Star n22-22 12 12-2592
Utah
. Utah/Geneva -
U.s.s. 220-40 10 10-4020
West Virginia
Hancock/Weirton W 181~
eirton 1-41 14 14-24'300

(continued)



8z-9

Table B-9. SCARFING MACHINES IN INTEGRATED STEEL MILLS
Product
No. scarfed
Plant auto S=glabs Cantral
State/county/city Company number scarfers B=blooms device
california
San Bernardino/Fontana Kaiser 024-21 1 [ ESP
Colorado
Pueblo/Pueblo CF&l 038-10 1 B
Illinois
Cook/S. Chicago Wisconsin 067-44 1 B
Cook/S. Chicago Republic 067-28 1 B
Cook/S. Chicaqo uss 067-18 1 - Scrubber
Indiana
Porter/Burns Harbor Bethlehem 067-09 1 SsB Wet scrubber
Lake/E; Chicago Inland 067-16 3 SsB Water plume
& sprays
Lake/Gary v.s.s. 067-36 SeB ESP
Lake/E. Chlcago ¥S&T 067-46 5B Wet scrubber
Kentucky
Boyd/Ashland Armco 103-03 2 SsB
Maryland
Baltimore/Sparrows Pt. Bethlehem 115-06 ] 79 :] ESP
Michigan
Wayne/Dearborn Ford Motor 123-13 1 S&B Water plume
& sprays
Wayne/Ecorse Great Lakes 123-15 2 SsB
Wayne/Trenton McLouth 123-23 1 SsB
tew York )
Erie/Lackawanna Bethlehem 162-07 3 SsD
Erie/Buffalo Republic 162-26 1 B ESP

(continued)
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Table B-9 (continued)"

Product.
No. scarfed
Plant | auto S=slabs Control
State/county/city Company number scarfers B=blooms device
Ohio
Butler/Middletown Armco 079-02 1 s Wet scrubber
Scioto/Portsmouth Empire-Detroit 103-12 1 S&B
Cuyahoga/Cleveland JaL 174-20 1 S ESP
Cuyahoga/Cleveland Republic 174-25 3 SeB ESP
Trumbull & Mahoninq/YoungstownJRepublic 178-~24 1 B Baghouse
Lorain/Lorain U.S.5. 174-33 2 B Wet scrubber
Jefferson/Steubenville Wheeling-Pitt. 181-42 2 SsB Wet scrubber
on one
23. Mahoning/Youngstown YS&T 178-47 1 SsB Wet scrubber
Pennsylvania ‘
Northampton/Bethlehem Bethlehem 151-05 1 B ESP
Cambria/Johnstown Bethlehem 195-08 2 B Wet scrubber
on one
Beaver/Midland Crucible 197-11 1. Ss&B ESP
Beaver/Aliquippa JsL 197-19 2 S&B ESP
Allegheny/Pittsburgh JsL 197-18 1 1Y) ESP
Mercer/Sharon Sharon 178-30 1 ssB
Allegheny/Braddock u.S.Ss. 197-37 1 SsB Wet scrubber
Allegheny/Duquesne U.Ss.S. 197-34 1 S&B ESP
Bucks/Fairless Hills uU.Ss.S. 045-31 2 7%:] ESP
Allegheny/Homestead u.s.S. 197-32 1 S¢B Cyclone
Texas
Harris/Houston Armco 216-04 2 5B Wet scrubber
West Virginia
Hancock/Weirton Weirton 181-41 1 S&B

Reference: “Electrostatic Precipitation of Scarfer Fume” by Ronald L. Hill,

1977 Spring Convention of the Assoc. of Iron & Steel Engineers.

(continucd)
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Table B-10.

REHEAT FURNACES IN INTEGRATED STEEL MILLS

State Plant t of Sq. Ft.
County/City Company  {11] Purnaces Heatina Area nn
Alabama ’ 4 '
’ Etowah/Gadsden Republic 003-29 3 1-1778 plate
’ ' 2-2669 hot strip
Jefferson/rairfield u.8.8. 004-39 17 5-2583 structural
o 2-952 plate
3-557) plate
4-6400 hot strip
3-2525 finishing
California
San Rernardino/ Katser 024-21 9 1-1828 structural
fontana
' 3-5724 plate
3-7200 hot etrip
1-1600 finishing
1-440 finishing
Colorado
Fueblo/eugblo CFsl 018-10 10 2-2400 ,tructural
) 1-750 inishing
3-1300Q finishing
1-1860 finishing
1-3000 finishing
1-700 finishing
1-2226 finishing
Illinois
ison/Granite Granite 070-14 1 3- walking beam
City Chty
Cook/S. Chicago U.S.§. 067-38 14 4-1246 plate
2-1144 plate
. 2-6424 structural
1-715 structural
2-1599 structural
2-1600 finishing
1-4098 finlshing

(continued)
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Table B-10 (continued)

State Plant 1 of Sq. Ft.
County/City Company D8 Furnaces Heating Area Mill
Illinois (Continued)
ook/S. Chicago Republic 067-28 6 2-2940 finishing
1-1680 finishing
1-2250 finishing
1-1620 finishing
1-1200 finishing
Cook/S. Chicago Wisconsin 067-44 S 1-1120 finishing
2-1470 finishing
2-1700 finishing
Cook/Chicago Interlake 067-17 2 2-4250 hot strip
Indiana
Lake/E. Chicago Youngstown 067-46 14 5-12,600 hot strip
Sheet & Tube 1-1024 finishing
1-1458 finishing
2-750 finishing
1-3750 finishing
1-730 finishing
3- finishing
Lake/Gary U.s.s 067-16 19 4-220 tie plate
4-1686 plate
2-1290 plate
5-1600 hot strip
4-4410 hot strip

(continued)
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Table B-10 (continued)

State Plant § of 6q. F§,
County/City Companv 108 Furnaces Becating Area Mt
Indiana (Continuecd) ’
= Lake/Gary {(Continued) U.5.8. 067-36 17 2-1590 finishing
2-1340 finishing
2-1340 tinishing
1-820 finlashing
1-80S finishing
' 1-1079 tinishing
1-1200 . finishing
2-not available finishing
1-3000 finishing
1-470 finishing
1-88 finishing
1-212 finishing
1-10% finishing
Porter/Burns Harbor Bethlehem 067~09 18 2-4180 plate
4-3100 plate
1-739 plate
6-1498 plate
1-3425 plate
1-2500 plate
. 3-16,710 hot strip
Lake/E. Chicago Inland 067-16 21 2-3456 structural
1-1770 billet
1-936 plate
3-4860 hot strip
4-5420 hot strip
4-14,280 hot strip
2-990 finlahing
2-1100 finishing
1-2520 finishing
1-1522 finishing
Kentuck
Boyd/Ashland 103-03 3 3-1020 strip & sheet

(continued)

Armco
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Table B-10 (continued)

State Plant & of Sq. Ft,
County/City Company 100 Purnaces Heating Area M1
Maryland
- Baltimore/Sparrows Bethlehem 115~-06 3o 8-2240 plate
Point 4-1600 plate
2-3680 plate
2-750 plpe
4-9360 strip
3-8190 strip
5-760 flange
1-1350 rod
1-3480 rod
chhiaan
ayne/Ecorse Great 123-15 9 5-16,000 hot strip
Lakes 4-5928 hot strip
wWayne/Dearborn Ford Motor 123-13 3 2-8750 hot strip
1-921 finishing
Wayne/Trenton McLouth 123-23 2 2-4320 sheet
New York
rie/Buffalo Republic 162-26 3 1-2190 finishing
1-1203 finishing
1-945 finishing
Erie/Lackawanna Bethlehem 162-07 17 2-1330 rafl & billet
5-3610 structural
2-2137 structural
5-7806 strip
2-1700 finishing
1-1843 finishing

. {continued)




Table B~10 (continued)

State Plant § ot sq, Ft,
County/City Company 1pd Furnaces Heating Area nill
ohip ! |
" Kahoning/Youngstown Republic 178-24 4 1-2109 finishing
2-930 finishing
1-576 finishing
Cuyahaga/Cleveland Republic 174-25 5 3-10,719 strip
1-211% finishing
1-1440 finishing
stark/Massillon Republic 174-27 7 1-3414 billets
T 3-1Q949 finishing
3-519 finishing
§tark/Canton Republic 174-27 3 2-1650 finishing
o 1-1080 finishing
Mahoning/Campbell Youngstown 178-45 20 3-7900 hot strip
) Sheet & Tube 1-282 finishing
4-4078 finishing
2-1650 finishing
2-154 finishing
3-2577 tinishing
‘1-4078 finishing
4- finishing
Mahoning/Youngstown Youngstown 178-47 ] 1-385S blooming
Sheet & Tube
Jeffpyson/Steubenville W,P, Steel 181-42 3 3-9690 hot strip
Cuyahoga/Cleveland u.8.8. 174-33 3 1-755 strip
1-2660 finishing
1-750 ginishing
Mahoning & Trumbull/ U.8.8. 178-35 13 3-5150 strip |
Youngstown 1-1020 ‘atrip
1-1240 strip
1-375 finishing
1-1020 tinishing
1-1020 finishing
2-1900 finishing
1-1020 finishing
1-1170 finishing
1-5158 finishing

(continued)
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Table B-10 (continued)
State Plant # of Sq. Ft,
County/City Company 109 Furnaces Heating Area Mil1l
Trumbull/Warren § Republic 178-24 3 3-6840 strip
Niles
Cuyahoqa/Cleveland J&L Steel 174-20 3 3-10,404 slabbing
Scioto/Portsmouth Empire- 103-12 b} 1-4200 hot strip
Detroit & sheet
Butler/mMiddleton Armco n79-n2 4
?cnnl*lvanla
s, egheny/Braddock u.s.s. 197-37 5 5-6300 hot strip
sheet
Northampton/ Bethlehem 151-05 20 2-4134 strip
Bethlehem 2-1654 structural
2-1873 structural
. 2-1772 structural
2-432 structural
1-189 structural
1-500 structural
2-1700 structural
2~4134 finishing
2-1654 tinishing
2-1873 tinishing

{continued)
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Table B-10 (continued)

State

Sg. Ft.

t Plant f of
County/City Company 1ine Furnaces Heating Area . nill
Pennsylvania (Continued)
ria/Johnstown Bethlehem 195-08 9 7-2872 . plate
: 2-8%0 plate
11 1-458 finishing
1-11318% finishing
1-1720 finishing
1-1728 finishing
1-632 tinishing
1-2500 tinishing
1-493 finishing
1-220 finishing
1-1932 finishing
1-200 tinishing
3-2537 finishing
Bucks/Fairless tills U.8.8. 045-31 (] 4-212% hot strip
: 2-2380 blooming
1-2580 tfinishing
1-409%5 finishing
Allegheny/Clairton u.s.s. 197-32 11 2-864 structural
i 2-802 structural
4-1404 structural
3-2164 structural
Allegheny/Homestead U.S5.8. 197-32 24 2-1250 structural
) 1-825 structural
1-678 structural
2-3680 plate
6-2708 plate
4-41320 plate
8-2208 plate
Beaver/Aliquippa JsL Steel 197-19 ? 2-4472 hot strip
1-1600 finishing
2-308) finishing
1-1913 tiniahing
1-2100 finishing

(continued)
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Table B-~10 (continued)

State Plant ¥ ot 5. Ft,
County/City Company 108 Furnaces Heating Area Mill
Pennsylvania (Continued) » )
f *IquEeny/Plttsburqh Jsl Steel 197-18 7 1-4686 strip
. 2-2812 finishing
1-2079 finishing
1- finishing
Beaver/Midland Crucible 197-11 13 9-5220 hot strip
1-2436 hot strip
3-1000 forging
press
15 1-1140 finishing
5-3072 finishing
2-1270 finishing
7-1830 finishing
Mercer/Sharon Sharon 178-130 4 2-4800 hot strip
2-2970 strip & sheet
8-2492 finishing
. Allegheny/McKeesport U.S.S 19734 8 8-11,650 finishing
Allegheny/Duquesne U.5.5. 197-134 6 6~3728 finishing
Texas
Morris/Lone Star Lone Star 022-27 2 1-2100 slabbing
1-1200 finishing
Harris/Houston Armco 216~04 7 3-1100 finishing
2-1025 finishing
1-1900 finishing
1-2300 tinishing
Utah
Utah/Genava u.s.s. 220-40 7 3-6180 structural .
4-11,113 plate & strip
West Virqinia
Hancock/Weirton Weirton 181-41 5 4-10,350 strip
1-980 structural

{continued)
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Table B-11. BOILERS IN INTEGRATED STEEL MILLS
ftate Plant No. of
County/City Campany 10 Bollers Capacity Fuel
hliba-a>.‘q
Etowah/Gadsden Republic 003-29 12 2-135 coke oven gas
5~-90 blast furnace gas
1-165 distillate oil
1-13) residual oil
1-331 natural gas
1-221 ’
1-183
Jefferson/Fairtield u.s.s. 004-19 28 2-105 coal
2-1%0 coke oven gas
1-300 blast furnace gas
1-7% natural gas
7-7) creosote
1-)15
4-160
1-61
3-457
california 32225
San Bernardino/ Kajser 024-21 7 7-1987 coke oven gas
Fontana blast furnace gas
natural gas
Colorado
Pusblo/Pueblo CPslI Q38-10 2 1-220 coke oven gas
1-110 blast furnace gas
natural gas
Indiana
Lake/E. Chicago YST 067-46 ‘8 2-190 oil
) 2-230 natural gas
3-390 blast furnace gas
1-930 coke oven gas
' coal '
Porter/Burns Harbor Bethlehem 067-09 H 1-70) coke ov?n gas
2-718 blast furnace gas
1-71) residual oil
1-624
Lake/E. Chicago Inland 067-16 9 4-455 coke aoven gas
4-262 blast furnace gas
1-300 natural qas

(caritinner}

rvesidual oil

bituminous cosl
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Table B-~11 (continued)
R T
State Plant No, of
County/City Company 10 Boilers Capacity Fuel
Indiana (Continued)
Lake/Gary v.s.s. 067-36 11 1-2250 natural gas
1-870 blast furnace gas
- 1-850 coke oven gas
1-150 oil :
3-400 coal
1-76
1-105
1-140
1-455
Illinois
Madison/Granite City Granite City 070-14 1 1-4800 oil
Kentucky
Boyd/Ashland Armco 103-03 7 4-44 ' residual oil
3-155 blast furnace gas
Michigan
Wayne/Trenton McLouth 123-2) 6 5-170 natural gas
1-312 residual oil
New York
Brie/Buffalo Republic 162-26 4 1-304 natural gas
1-174
1-79
1-87
Erie/Lackawanna Bethlehem 162-07 19 4-241 natural gas
1-40 .
1-9
1-112
1-404
1-300
2-132
2-119

(continued)
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Table B-11 (continued)

State Plant No. of
County/City Company 1n Bailers Capacity Fusel
New York {(Continued)
Ecie/Lackayannyg pethlehan 162-07 19 i-:;s
1-150
1-19}
1-18
1-377
Ghio
6-53
Cuyahoga/Cleveland Jones & Laughlin 174-20 n 1-243 blast furnace gas
’ 1-130 natural gas
1-138
1-11
1-12
Mahoning/Campbell ¥S6T 178-45 10 $-202 oil
3-2% coke oven gas
1-585 blast furnace gas
natural gas
coal
Mahoning/Youngstown Republic 178-24 7 3-225% residual oll
3-90 coke gven gas
2~408 blast furnace gas
bituminous coal
8cioto/Portsmouth Empire-Detroit 103-12 7 " 2-100 distillate oil
2-7 natural gas
. 1-3 coke oven gas
1-34
1-1
Mahoning/Youngstown YS&T 178-47 10 10-22 coal
blast furnace gas
Mahoning & Trumbull/ U.8.5. 178-35 6 4-310 blast furnace gas
Youngstown 2-457 natural gas

(continued)

coal
oil



iv-¢

Table B-11 (continued)

State Plant No. of .
County/City Company 1D Boilers Capacity Fuel
Ohio {Continued)
Jefferson/Steubenville | W.P 181-42 12 4-80 coal
2-165 coke oven gas
3-116 - blast furnace gas
3-132 oil
Lorain & Cuyahoga/ u.s.s 174-33 6 6-67 oil
Lorain blast furnace gas
natural gas
Pennsylvania
Allegheny/Ouquesne U.s.S5. 197-34 2 2-62 coal
Westmoreland/Monessen W.P. 197-43 6 4-50 coal
2-148§ natural gas
coke
Montgomery/Swedeland Alan wWood 045-01 2 2-276 residual oil
blast furnace gas
coke oven gas
Bucks/Fairless Hills U.S.S. 045-31 5 4~-4
1-14
1-14

(continued)
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Table_B-ll (continued)

State Plant No. of
County/Clty Company 1D Boilers Capacity Fuel
Pennsylvania (Continued)
Peaver/Midland Grucible 197-11 12 2-50 regsidual oil
) 5-100 bituminous coal
3-41 blast furnace gas
2~94 natural gas
Allegheny/Pittsburgh Jones & Laughlin 197-18 8 $-230 bituminous coal
3-170 natural gas
Northampton/Bethiehem Bethlehem 151-05 34 19-60 blast furnace gas
J-100 anthracite coal
3-36 bituminous coal
2-120 coke oven gas
1-150 residual
1-19
1-390
1-300
2-18
1-100
Mercer/Sharon Sharon 178-130 6 4-40 coal
2-14
Allegheny/Braddock U.s.5. 197-137 7 3-i43 coal
4-52 blast furnace gas

(continued)
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Table B-11 (continued)

State Plant No. of
County/City Compdny 1 {] Boilers Capacity Fuel
Texas
Harris/Houston Armco 216-04 4 2-275 blast furnace gas
1-93
1-64
Morris/Lone Star Lone Star 022-22 S 2~200 natural gas
3-90 residual ofil
Utnh
uUtah/Geneva U.s.s. 220-40 H 3-412 coal
2-206 coke oven gas
blast furnace gas
natural gas
West Virginia
Hancock/Weirton Weirton 181-41 4 4-47 coal

(continued)
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APPENDIX C

PPS-ES

FLOW RATE FQUATION

REMARKS

1-1 Ore yard
2-1 Coal yard

2-3 Coal crushing

4-1 Sinter windbox
4-2 Sinter discharge

4-3 Sinter plant

(continued)

Not applicable

Not applicable

acfm = 192.7 w343 4

scfm = 12,897 + 205.6 x

( 1000 Prod + 149 )
1.137

scfm = 42,295 + 47.3 x

( 1000 Prod + 149 )
1.137

.8342 x

acfm = 192.7W 5

W = belt width; 4 = No. of transfer
points. Belt width is determined from
the following table:

6

107 TPY Belt width, in.
0 - 0.2 18

0.2 - 0.59 30

0.59 - 1.20 42

1.20 - 2.57 60 -

>2.57 integral multiple of 60-in. belt
e.g., 2.78 2 60-in. belts
5.15 3 60-in., belts

Production is in 10° tons/year (TPY)
Reduced by 40% for windbox
recirculation

Production is in 106 (TPY)

W = belt width 5 = No. of transfer
points. Belt width is determined from’
the following table:

6

10~ TPY Belt width, in.
0 - 0.46 18

0.46 - 1.3 30

1.3 - 2.66 42

2.66 - 5.69 60

>5.69 inteqral multiple of 60-in. belt

e.g., 5.94 2 60-in. belts
11.76 3 60-in., belts



Table C-1 (continued)

PPS-ES FLOW RATE EOUATION RBMARKS

5-1 Coke charqinq Not applicab)e

5-2 Coke pushing For enclosed car} acfm = 75,000
For shed: Volume = 35.6 (length) (tons/push)
acfm = 1.67 (volume) Length = 4 (No. of ovens) + 20

$~-3 Quenching scfm = 24,000 (ton coke/push) Conventional quenching
acfm = 88 (TPD Coke) Dry quenching

$-4 Door leaks Not applicable

5-5 Topside leaks Not applicable

$-6 Combustion stack | scfm = 66,120 (10% TPY of coal)

5-7 Coke handling gcfm s acfm 5 (1.4 PDV) + P = Perimeter of hood, V = 200 fpm
(192.7 w-8343 4 5 D = distance from source to hood

W = belt width, § = No. of transfer
points. Belt width is shown in the
following table:

6

107 TPY Belt width, in,
0 - 0.13 18
0.13 -~ 0.35 30
0.35 - 0.65 42
- 0.65 - 1.54 60
>1.54 integral mulitiples of 60-in. belt
e.g., 1.77 2 60-in. belts
3.24 3 60-in. belts

5-8 Coke oven gas scfm = 11,000 x (tons coal pevr day)
divided by 1440

5-9 Coal preheater scfm = 16,910 (106 TPY coal)

(continued)
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Table C-1 (continued)

PPS~ES

FLOW RATE FEQUATION

REMARKS

7-2 Cast house
evacuation

7-2 Tap hole hood
7-2 Runner covers
7-3 Slag pouring
7,8, Slag processing
(open hearth,

9,10 BOF, EAF, and
-5 blast furnace)

8,9-1 Hot metal transfer

8-2 Open hearth
stack

8-3 Open hearth
fugitive

9-2  BOF stack

9-3 BOF enclosure

9-4 BOF slag pouring

(continued)

acfm = 1.2 (cast house volume)

1.4 (300) PD @ 175°F

1}

acfm

acfm 200,000 @ 175°P
acfm = 65 x TPD Hot metal

scfm = acfm = (1.4 PDV) +
(192.7W.8343 x 3)

scfm = 57,547 + 1139.6H

scfm = 65,578 + 201.6H (No. of furnaces)

Not applicable

scfm = 22424
scfm = 1634H
scfm = 976H

scfm = 1464H

acfm = 1000 H for enclosure

scfm 200,000
scfm = 400,000

C.H. volume = 3,426 (working
volume)l.085 6

Annual cap (in 10 TPY)

= 0.023 (working volume} -0.25, where
working volume is in 107 ft

P = Perimeter of hood
D = Vertical distance

Slag granulator hooding

P = perimeter of hood, V = 200 fpm
A = area covered by hood,

D = vertical distance

W = belt width, 3 = No. of transfer

points. Belt width is determined in the

same way as coal crushing and transfer.
H = heat size

H = heat size

ESP = open hood
Scrub-open hood

Closed hood, 2 furnaces
Closed hood, 3 furnaces
H = heat size

H = heat size

For shop producing, 1,000,000 TPY
For shop producing, 2,000,000 and over
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Table C-1 (continued)

PPSES

FLOW RATE EQUATION

REMARKS

10-1
10-2

12-1
14-1

14-3

17-1
22-1

29-1

Bléctiic furnace
contyo}

Continuous casting

Soaking pits

Scarfing machine

Reheat furnace

Boiler

5006 H (No, of furnaces in shop)

scfm =

scfm =. 2500 H (No. of furnaces in shop}
scfm = 4000 B (No. of furnaces in shop)
scfm = 2000 H (No. of furpaces in shop)

gscfm = 350 H
H = heat size

{(No. of furnaces in shop)

acfm = 175,000 @ 150°F

gcfm = 20,000 x (0.039 tons/hr/ft2)

1ee2 heating area) /60

acfm = 22,807 x (10° TPY) + 45276

scfm = 41,000 (0.075 tons/hr/ftz)
(£¢2 heating area)/60 ‘

scfm = 17,000 X MM Btu/hr/60

Building evacuation

Alloy canopy hoad

Carbon building evacuation + CH + DSE
Carbon canopy hood + DSE

Carbon direct shell evacuation




APPENDIX D
CONTROL TECHNOLOGY SUMMARY AND EMISSION RATES FOR

RACT, BACT, AND LAER



‘The technologies defining RACT, BACT, and LAER in this
report were selected, in part, to examine a wide range of alter-
natives. .As such, they should not be interpreted as representing
Agency policy because appropriate technology definitions are
continually evolving. Furthermore, it should be noted that
various steel plants have site-specific control requirements
which are not intended to be addressed by this study.

Table D~1 presents a summary of control technology and emis-
sion rates for RACT, BACT, and LAER. These data are based on
information received from various EPA personnel. In some cases,
the uncontrolled RACT columns are based on information received
from Mr. Gary McCutchen of Office Air Quality Planning and
Standards (OAQPS). The BACT and LAER columns are based on infor-
mation received from Mr. Bernie Bloom of Division of Stationary
Source Enforcement (DSSE). Mr. Bloom also had input to the
uncontrolled and RACT columns. Where estimates had to be made by
PEDCo to complete the table, the exception is noted. '

The uncontrolled factors for ore yards and coal yards are
derived from application of formulas developed by Midwest Research
Institute (MRI) to a hypothetical ore yard and coal yard believed
to be representative in the Chicago~Gary AQCR. The RACT, BACT,
and LAER emission values for ore yards and coal yards are based
upon 40 percent, 75 percent, and 90 percent efficiency, respec-
tively, as assumed by PEDCo. The distinction between control
levels is the sophistication and extent of control eguipment
used. These emission rates are very dependent on site-specific
conditions, and the values in this table should only be used as a

guide to relative magnitude.
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APPENDIX D

(1b/ton except noted)

Unco

ntgolled

SUMMARY OF EMISSION FACTORS AND CONTROL TECHNOLOGIES

Basis for emianion rate, RACT BACT LAER
Proceas oc cabsslon TSP unless - -miasion Emtesion Fainsion
PPS-ES uwperat bon aeasurement otherwise noted Control Tate Control rate Control rate
Raw materilals:
1-1 Ore hapdliang ljor metal 042 Water spray] 0.19 |water spray 0.12 Water sprgy 0.05
and storage produced ’ dusat sup- dust eup- dust gup-
: presstion pression pression
2-) Coal handljng Cosl used 0.2 Water apray] .05 |Water epray 0.U3 Mater spray 0.0}
and storage dust sup-~ dust sup~ dust sup-
pression pression pression
2-) Cosl crushing Coal used 0.40" Baghoune 0.04 |Baghouse 0.004 or | Baghouse 0.006 or
and tranelex 0.005 gr/ 0.005 ge/
acf (14§
Stntering:
4} Sintes Sinter 43" Scrubber 0.5 or [Scrubber | Q.29 or | Vet EsP 0.01% or
windbox produced so, 1.8 Kone 0.015 None 0.02 Scrubber 0.01
HC 0.24 None gr/sct None gr/sck None gr/sck
505 - 0.18
4-2 Sinter Sinter 1.0 Baghouse 1.1 Baghouse 0.1 or Baghouse 0.1 or
discharge produced 0.01 g/ 0.01 gr/
ock scl
4-3 Stnter Sinter 0.7 None 0.7 Baghouse 0.007 or | Baghouse 0.007 or
building produced o 0.01 gr/ 0.01 gr/
fugitives (134 oct
Coking:
-1 Vet coel® Coke ! Stage 0.16 |Stage 0.021 Stage 0.021
charging produced so, 0.0} charging- chargting- charging-~
He 3.6 wodlfted anew larry new larry
larry car car car
5-2 Coke pushing Coke 5.7 Enclosed 0.043 [Enclosed 0.043 Enclosed *0.043
produced hot cer hot car hot car

{continued)




Table D-1 (continued)

Uncont rolled

Basis for emission rate, o Racr [ BACT LAER
Prucess or cmission TSP unless Emisslon fmission Emtssion
PPS-ES opuerat fon measurement otherwise noted Control Tate Control rate Control rate
I

5-3 Coke quenching | Coke 8.6 Baffles 2.1 Baffles and 1.0 Dry 0.36

produced clean water quenching

5-4 Door emissjong | Coke produced 0.1 Door 0.14 Door main-| 0.07 Door main~! 0.07

: ’ mafntenance tenance and tenance and
auto cleaning auto cleantng

-5 Topside leaks Coke produced 0.49 Good malnten- 0.043 |Good main-{ 0.04] Good main-| 0.043

ance tenance tenance

-6 Underfire stack| Coke produced 1.0 Ory ESP 0.15 Dcy ESP 0.15 or | Dry ESP 0.08 or

or 0.03 0.03 gr/ 0.015 gr/
gr/acfk scf sck

$-7 Coke handling Coke produced 0.0} Baghouse 0.002 |Baghouse 0.002 Baghouse 0.002

5-8 Coke oven gask | Coal used so_13.3 Desulfu- 1.9 Desul fu- 1.0 Desul fu- 0.3

rization rization rization
O
d) 5-9 Coal preheater | Coal used 0.13 Scrubber 0.025 |Scrubber 0.025 Scrubber 0.025
Ironmaking:

1-2 Cast house Hot metal 0.69 Taphole 0.07 RACT and 0.042 Cast house| 0.0642
emisslons produced and bag runner evacuation

house covers

1-3 Slag pouring Hot metal 0.28h Nune 0.28 |Hood and 0.014 Hood and 0.014

produced scrubber scrubber

-5 Slag crushing Hot metal 0.24 Water 0.12 [Baghouse 0.025 or | Baghouse 0.025 or
and acreening produced sprays 0.005 gr/ 0.005 gr/

scf acf
Steelmaking:

8-1 Open hearth Hot metal 0.35 Baghouse 0.007 {Same as Same as Same a8 Same as
hot metal usedt or 0.01 |RACT! RACT RACT RACT
transfer gr/scf

8-2 Open hearth Steel produced 17.4 ESP 0.35 [Same as Same ag | Same as Same as
stack RACT RACT RACT RACT

(continued)
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Table D-1 (continued)

[T TONRETY 4 AWMl S Lon s ER CRAESDRESST SIS UDUDIR g MIED, LS L WS LIS v . B Fs 1LSISTc L LR TiTaus s o
Uncontrolle
Basis for emission rate, §  RACT _ BAct LAER
Process or ealsslon TSP unless [ Emfusion Eslasion Ealssion
PPS-ES wperation sasurement othervise noted Control riate Control rate Control rate
'B-l Open hearth Steel produced 0.29 None 0.29 Same as Same as Same a® Same as
building RACT RACT RACT RACT
fuglitives
8-3 Open hearth Steel produced 0.21 Water 0.11 }Same as Same a3 |Same 8o Same as
slag crushing aprays RACT RACT RACT RACT
and screening
91 BOF hot metal Hot metal uled‘ 0.35 8aghouse 0.007 or |Baghouse 0.007 or |{Baghouse 0.007 or
transfer 0.01 gr/ 0.01 gr/ 0.01 gr/
scf ocf scf
9-2 BOF stack Steel produced 51.0 Open 0.34 Closed 0.04 or Closed 0.04 or
hood-ESP hood- 0.015 gr/ | hood- 0.015 gr/
scrubber ocl scrubber ocf
9-) BOF charging, Stee) produced 1.0* Hlood to 0.40 Furnace 0.08 Furance 0.08
tapping, and existing enclosure enclosure
sampling furnace
. control
9-4 BOF slag Steel produced 0.12l Water 0.06 Baghouse 0.01 Baghouse 0.01
pouring sprays
9-5 BOF slag Steel produced 0.17 Water 0.08 Baghouse 0.01 Baghouse 0.01
crushing and sprayse
screening
10-1 Electric furnace| Steel produced
10-2 emtesions in-
cluding fugl-
tiveas®
Carbon steel 30.0 blrect 3.05 Direct 0.9 BACT and 0.36
vvacuation evacuation bullding
and canopy evacuation
hood

(continued)




Table D-1 (continued)

h Uncontrolled T T
Basts for emission rate, . RacT BACT LAER
Process or emlssion TSP unless kmission Emission "] Eaisston
PPS-ES operation measurement otherwise noted Control rate Control rate Control rate
Alloy steel 15.0 Canopy hood 1.9 Canopy hood 1.95 BACT and 0.90
! building
evacuation
10-3 Electric fur- Steel produced o.01" Water sprays| 0.035 |Baghouse 0.01 Baghouse 0.01
nace slag .
10-5 Electric fur- Steel produced 0.10 Warer sprays| 0.05 Baghouse 0.01 Baghouse 0.01
oace slag
crushing and
screening
11-1 Conventional Steel produced 0.06P None 0.06 None 0.06 None 0.06
casting
13-1 Cont iauous9 Steel produced 0.12 None 0.12 Baghouse 0.01 Baghouse 0.01
casting
14-1,16-1 Soaking plta' Steel produced
uslng 1002
oll at 1.0% 0.2 None 0.2 ESP 0.03 ESP 0.03
sullur
143, 16-) Automatic
17-3, 18-1 scarfing Steel ecarfed 0.24 Wet ESP 0.03 Wet ESP 0.03 Wet ESP 0.03
Reheat [urnacesr
17-1,18-1, using 100 0.42 None 0.42 ESP 0.06 ESP 0.06
22-1,28-1 ofl st 1.0%
sulfur
8 6
29-1 Botler stack 107 Btu/hr
firing capacity
Coal fired 5.4 FGD 0.1 FGD 0.1 FGD 0.1
011 fired 0.15 ESP 0.05 ESP 0.05 ESP 0.05




FOOTNOTES TO TABLE D-1

Emission factors shown as pounds per ton of coal can be
converted to pounds per ton of coke by dividing by 0.7 and
vice versa.

Where emission rates are given as gr/scf, this value was
used in conjunction with model plant flow rate. The value
lb/ton is based on a typical flow rate.

The uncontrolled emission factors are from the SSEIS for
Sinter Plants, Preliminary Draft, May 1977. Cyclone control
is considered to be an inherent part of the process for
protecting exhaust fans and therefore the emission rate
after the cyclone is used as the base.

The LAER limitation is given by U.S. EPA's DSSE as 0.02
gr/scf, full train, thus including particulate and con-
densible hydrocarbon. It is assumed the particulate and
condensible hydrocarbon are equally divided.

SOx and HC factors are per U.S. EPA Publication No. AP-42.
The implied efficiency for particulate matter is used to
derive control values for these pollutants. HC as listed in
gaseous hydrocarbons. Condensible hydrocarbons are included
in particulate matter. i

' The uncontrolled rate assumes a rudimentary form of control

as the base, i.e., charging on the main as a typical "uncon-
trolled"” state. ‘

Based on 450 gr H25/100 scf of coke oven gas, 11,000 £+3 of
gas per ton of coal. Emission rates are for all coke oven
gas produced, regardless of where used. Controlled rates
based on 65, 35 and 10 gr H3S/100 scf, respectively, where
H2S represents all sulfur compounds in gas.

Estimate by PEDCo based on 40% of cast house emission
factor. Controlled rate based on 95% efficiency. No data.
are available for this source.

The factors used to relate hot metal to steel are:
Charge to steel,yield = 86%

% hot metal in open hearth charge = 50%
% hot metal in BOF charge = 75%

D-6



g.

All open hearth BACT and LAER controls are equal to RACT on
assumption that no new open hearth shops will be built.

Charging = 0.5 1lb/ton, tapping and slagging = 0.25, sampling
= 0.25 for total of 1-1b/ton. RACT = sampling + 80% capture
and 99% removal for charging and tapping. BACT = 90% capture
+ 99% removal and sampling in upright position or through
wicket hole in enclosure.

Estimated by PEDCo as 50% of value for BOF tapping and
slagging. This source includes dumping slag ladles and
cleanup using bulldozer.

The definition of primary emissions and fugitive emissions
in the electric furnace category changes as the control
technology changes. Figure D-1 is a schematic illustration
of the definitions of RACT, BACT, and LAER.

Based on value for BOF factored for lower slag volume.

The emissions from conventional casting are estimated by
PEDCo as 20% of total open hearth fugitive building emis-
sions.

The emissions from continuous casting are estimated by DSSE.

Soaking pit and reheat furnace emission values are based on
the following:

Soaking pit Reheat furnace

Fuel consumption 1,350,000 Btu/ton 2,800,000 Btu/ton
Exhaust rate 20,000 scf/ton 41,000 scf/ton
Throughput 38 tons/h 225 tons/h

Coke oven gas is desulfurized to 65, 35 and 10 gr H2S/100 scf
for RACT. BACT and LAER, respectively, (including organic
sulfur). A maximum o0il sulfur content of 1% is used. The
particulate emission factor used for oil is 23 1b/1000 gal
(AP-42). A control device is required for particulate only
if oil is used. When coke oven gas is used, all the emis-
sions have been accounted for under the "coke oven gas”
source..

Values shown for coal are based on coal of 2.5% S and 10%
ash using AP-42 formulas. Values shown for oil are based on
1.05% S and AP-42 factors for particulate. Coke oven gas is
accounted for under "coke oven gas" regardless of where
used. Natural gas and blast furnace gas are considered
clean fuels with no significant emissions.



Figure D-1.
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Schematic illustration of EAF control technologies.



DERIVATION OF STORAGE PILE EMISSION

FACTORS AS A FUNCTION OF HOT METAL

PRODUCTION

The fugitive emission factors for storage piles are derived

as follows using equations from reference 1:

- (2G)
EF load-in stacker = 0.0018 x 5/\5/ 1lb/ton moved
or
load=-out M\2
(%)
(3G
EF load-out loader = 0.0018 x 5 5./ 1lb/ton moved
or
load-in M/ Y
(23
EF traffic = 0.10 x ] x d 1b/ton moved
1.5 235
EF wind erosion = 0.05 D % S " d < £ 1b/ton put through
90 1.5 235 5 'storage cycle
s = silt content (%-75u) y = loader capacity (yd3)
M = skin-moisture (%) d = dry days per year
U = mean wind speed f = % pf time wind speed
-exceeds 12 mph
D = duration of storage EF = emission factor

(days)

Representative values for the above factors are assumed because
information is not available on a plant-by-plant basis. On an '
AQCR basis, from weather bureau data, we have the following



representative values:

AQCR Dry days Mean wind speed Max wind £
067 239% 9.3 58 13
045 249 9.6 73 16
197 212 9.4 58 13
178 202 10.0 58 13
216 257 7.6 46 10

In AQCR 067, wind speed exceeds 12 mph on 17.2% of the days.
Assume it exceeds 12 mph 75% of the time during those days. The
composite period of time the wind speed exceeds 12 mph is there-
fore 0.75 x 17.2%, or 13%.

For values of S, we use the values given in Reference 1.

coal - 4% slag 2%

pellets - 11% ore fines (ore bedding) 9%

lump ore - 12% _

coke - 1%

For sinter, assume a value of 12% (not given in Reference 1)

Assume an ore yard content of material as follows:

sinter = 10% moisture = 0% .
pellets = 60% " = 3%
ore fines = 20% " = 3%
lump ore = 5% " = 2%
slag like materials = 5% " = 5%

The weighted moisture is therefore 2.75%

The weighted S factor is 10.3

Assume Y = 10 yd3 representing an ore bridge bucket or large loader
We can now calculate a representative value for AQCR 067,

Chicago Gary. In the absence of plant-specific data, our interest

is to examine the sensitivity of the MRI eguations.

EF load-in stacker =(0.0018) ng ) (933 )- 0.0036

2
&P

Reclaim = 25% of stacker = 0.0009
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The parameters of interest here are S and M since mean wind speed
(9.3) is a relatively constant value. The most conservative
values we might choose are S = 15 and M = 1.5, whereby EF = 0.018.
For the lowest EF, we would choose S = 6, M = 3, whereby

EF = 0.002

EF for batch load-out = 0.0018 x(Sc) (%) = 0.0018(10.%3 ) <9é3 > = 0.0022
- 2
and load-in (%) (%) <2 .75 <1_2>

Similarly, for the range of S and M used above, EF max = 0.012

and EF min = 0.0012.

For load-in with a railcar dumper, Y = 40 and EF = 0.0005

For traffic induced dust from loaders and trucks in storage area,
we have the following calculations:

10. 3)(239

EF = (0.1)(1'?5> (2%5) =(0.1)

EF max = 1.10 EF min = 0.44 for S = 15 and 6, respectively

= 0.69

For storage pile wind erosion, EF (O 05) (ﬁ) (235) <15> (90)

= (0. os)<lg g) @gg) < ) ( = 0.20 lb/ton put

through storage cycle

For EF max, S = 15, £ = 20 EF max = 0.49
For EF min S = 6 £ = 5 EF min = 0,05
For a typical ore yard operation, assume an average between load
in with a railcar dumper and load out with a 10 yd3 bucket (i.e.,
0.0022 + 0.0005; and stacker-reclaim (1.25 x 0.0036). This equals
0.004 1lb/ton transferred. For these operations, we assume no

mobile equipment in yard, i.e., no traffic component.
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Por a. coal yard, we duplicate this entire procedure, using S = 4

and M = 5 with Y = 6. The typical values are:
<4>~(9.3
EF load in stacker =(0.0018) \5 = 0.0005
p)
(3)
2
EF load out loader = (0.0018) <5> (5"‘ = 0.0004

3) (®

(239

EF traffic =(0. I)(f’SD = 0.27

(239 90
T§ 30/ = 0.12

(0. 05)(1‘3>

0.0005 1lb/ton transferred

EF wind erosion

TRANSFER (COAL)
STORAGE (COAL) = 0.12 1lb/ton put through storage cycle

Further assumptions are necessary to estimate material
gquantities and obtain thecretical total emissions.

It will be convenient to derive raw material quantities from
hot metal production as follows:.
Assume 3400 1lb (1.7 tons) of burden for 1 ton hot metal
Assume a burden of 70% pellets and 30% sinter

Assume 70% of sinter feed is ore fines and 85% feed to sinter
yield (not counting recirculating feed)

Assume a 1200 1lb coke rate and 70% coke/coal yield
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These assumptions give the following material rates:

pellets 1.2 tons/ton hot metal

sinter 0.50 tons/ton hot metal

sinter ore 0.40 tons/ton hot metal

other sinter feed 0.2 tons/ton hot metal
coke 0.60 tons/ton hot metal '
coal 0.86 tons/ton hot metal

Assume the following inventory rates:

pellets 2 months = 0.17 annual usage

sinter 1 month = 0.08 annual usage

sinter ore 2 months = 0.17 annual usage

other feed 1 month = 0.08 annual usage

coke 1 month = 0.08 annual usage

coal 3 months = 0.25 annual usage
We can now "weight". the emission factors for transfer and storage
and convert to a hot metal basis.

For 1 ton hot metal, there are 2.3 tons of ore material and 0.86

tons of coal transferred in and out of storage.

0.004 lb/ton transferred x 2.3 tons transferred
ton hot metal

EF transfer

0.009 1lb/ton hot metal (for ore)

and 0.0004 lb/ton hot metal (for coal)
EF wind erosion = 0.20 lb/ton put through storage cycle x 2.3
= 0.46 1lb/ton hot metal annually from ore
and | = 0.10 1lb/ton hot metal annually froﬁ coal
Finally, for storage and transfer, we have:
EF ore = 0.009 + 0.46 = 0.47 1b/ton hot metal
EF coal = 0.0004 + 0.10 = 0.10 1lb/ton hot metal
For a plant producing 1,000,000 tons hot metal per year,

Ore yard emissions = 0.47 x 1,000,000 = 235 tpy

Coal yard emissions = 0.1 x 1,000,000 50 tpy
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If actual values for each variable were available, then the
reliability of the final emissign factor would become equal to
the reliability of the MRI equations which are the starting
point. It is béyond the scope of this project to examine the
variables involved in these calculations on a site-specific
basis.

DERIVATION OF EMISSIONS FACTORS

FOR STEELMAKING SLAG PROCESSING

The uncontrolled emissions from slag processing operations are
calculated based on removal of slag from the steelmaking shop or
blast furnace using trucks and front-end loaders and delivered to
an open crushing and screening operation. The calculations are
asvfollows:

Slag processing emissions emanate from five areas of activity:

1. Load-in (front-end loader)

2. Crushing and screening

3. Load=-out (front-end loader)

4, Traffic

5. Windhlown fugitive dust

Emission factors, based on 1.0 net ton slag, for each of these
activities are ‘derived as follows:

Area of
Activity Derivation

ng:;ig) (czont=and EF = (0.0018) (%‘) (%) 3

QIO

1.5 (assumed silt content)
9.3 (mean wind speed
for AQCR 067)

1.0 (assumed moisture
content)
= 6 (bucket capacity,
cY) -
0.004 1b.
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Crushing and Using factors for limestone crushing
screening obtained from EPA Publication No. 450/
3-77-010 Tech. Guidance for Control of
Industnialz?rocess Fugitive Particulate
Emissions.

Secondary crushing - 1.5 1lb/ton, 60% falls
out in plant leaving 40% of 1.5 or 0.6 lb/ton

Load-out (front-~ Same as load-in (front-end loader)
end loader) = 0.004 1b.
Windblown S d f D
fugitive dust EF =(0.05) (l.S)(ZBS)(T?)(?ﬁ)
S = 1.5 (assumed silt content)
d = 239 (number of dry days per year for

AQCR 067)

f = 13 (Percentage of time wind speed is
more than 12 mph for AQCR 067)

D = 30 (days storage duration)

= 0,015 1lb/ton put through storage cycle
| () () -
Traffic EF =(0.10)\I.5/\235/ K 1lb/ton carried

S = 1.5 (assumed silt content)

d = 239 (number of dry days per year for
AQCR 067)

K = 3.5 for vehicles in the 4-to-30 ton

range

0.35 1b/ton carried

Thus, the total particulate emissions attributable to steelmaking
slag processing operations are:

Pounds per ton of slag transferred = 0.004 + 0.004 + 0.35 +
0.6 + 0.015 = 0.97

The following examples indicate how these emission factors are
applied to the various types of steelmaking processes.

For BOF Operation:

7 350
Total emissions:\%550 (0.97) = 0.17 1lb/ton steel
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For Open Hearth Operation:

Same as above except slag volume = 440 lb/ton steel.
Total emissions <200;>(0 97) = 0.21 lb/ton steel

For Electric Furnace Operation:

Same as above except slag volume = 200 lb/ton steel.
Total emissions <200(> (0.97) = 0.10 1b/ton steel

For Blast Furnace Operatlon-

Same as above except slag volume = 500 lb/ton hot metal.

Total emissions <éooé>(0 97) = 0.24 1lb/ton hot metal
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Fugitive Emissions From Integrated Iron and Steel Plants.
Prepared for IERL, Research Triangle Park, North Carolina
by Midwest Research Institute, 425 Volker Boulevard, Kansas
City, Missouri 64110, March 1978. EPA-600/2-78-050.

Technical Guidance for Control of Industrial Process Fugitive
Particulate Emissions. EPA-450/3-77-010.
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APPENDIX E

DESCRIPTION OF CONTRCL EQUIPMENT MODULES

Electrostatic Precipitators

The efficiency of an ESP is a function of the collecting
surface and the electrical and physical properties of the par-
ticles being collected. Because many texts deal with the theo-
retical and practical aspects of ESP design, there is no need to
review these here. The basis of ESP cost in this project is
specific collecting area (SCA) expressed as square feet of
collecting area per 1000 acfm of flow. Table E-1 lists the SCA
values used for the various processes.,

Other sources provide values for migration velocity, which
can be used in the Deutsch Anderson eguation to calculate SCA
at a given efficiency.

sca = -1000 2n (l-eff.)
migration velocity x 60

These values are shown in Table E-2 only to illustrate how
. site-specific factors can cause variation in migration velocity
and consequently in SCA required. Data that give SCA directly
are given preference herein because these values represent manu-
facturers' experience with the specific steel processes and avoid
the oversimplification inherent in the Deutsch Anderson equation.
Given an SCA value, total plate area is obtained by multiply-
ing by the flow rate in acfm. Maximum ESP inlet temperature is
600°F. An installed spare capacity of 20 percent is assumed to
permit efficient operation during periodic inspections and repair.
The ESP as installed is insulated and covered for rain protec-
tion.



Table Efl. SPECIFIC COLLECTION AREA FOR ESP

(ft2/1000 acfm)

=T ~m:—:’:‘;isTs";‘(;;];;u}'ce TIETITT TR DTN TSR ST I rnLimeeRe
open Basic . Oil-ftired boiler,
Efficjiency, hearth oxygen, Electrig . a a Coke Coke oven soaking pits and Conl-ﬁaed

. furnace furnace" furnace Sintering Scarfing pushing underfire reheat furnace boiler
99.9 412 520 10 450 540 385 860 200 410
99.8 412 29 3149 450 540 . 385 860 200 410
99.0 290 220 1o 45Q jo¢ 240 538 200 130
98.0 244 160 190 325 225 188 450 170 170
95.0 189 160 190 198 225 188 324 - 150 170
90.0 169 160 190 198 225 188 232 150 170
$5.0 199 160 190 198 225 188 178 150 170

a Copyright 1974, Research Cottrell, Iac., (Ret. 1).
® perived from Ref, 3.
€ perived from Ref. 3.

9 Derived from Ref. 4.



Table E-2. MIGRATION VELOCITY (W) FOR VARIOUS
STEEL PROCESSES

Process W (fps)

Open hearth 0.16

Blast furnace | 0.2-0.46

Sinter. 0.07-0.38

BOF 0.15-0.25

Electric arc 0.12-C.16

Sinter 0.2-0.35

Cpen hearth 0.19

Electric arc 0.28 (wet ESP)
Blast furnace 0.31-0.38 (wet ESP)




Wet ESP's are considered to be equal in cost to dry units
except for the addition of the water supply system. Water use is
a function of pollutant removal and gas cooling requirements.

The minimum liquid-to-gas ratio (L/G) for pollutant removal pur-
poses used in this study is 6.5. Where exhaust gas temperatures
exceed 215°F additional water is needed to cool the gases. The
amount of water required was determined empirically based on data
shown in Figure E-1. If for example, the exhaust temperature is
300°F (sinter windbox), the water requirement is 7.9 gpm/1000
acfm.

For corrosive gas streams such as sintering, corrosion
resistant materials are specii:'ied’.s"6

The precipitator basic module cost includes the box and
internals, power supply, rapping equipment, transformer-recti-
fiers, insultation, electrical instrumentation transition duct,
hoppers and roof. See Figure E-2 and E-3.

Fabric Filter '

" Fabric filters are employed for particulate control in many
of the processes in this study. Baghouses of two types were
estimated: prefabricated units, for less than 50,000 acfm flow
and custom units for over 50,000 acfm. The small baghouses in-
clude a mechanical shaker system, screw conveyor, dumpster box
witb guard, access ladder, and walkway. The custom baghouse cost
is flange to flange and includes supports, inlet and outlet
headers, pressure and temperature instruments, an annunicator,
area lighting, piping for iﬁstruméntation, foundations, painting,
and a control building. Bags, either dacron or fiberglass, are
added as a separate module. Dacron is used for inlet temperatures
up to 250° and fiberglass used for over 250°F. Dust handling
conveyors and hoppers are added as a separate module. Cost is
determined as a function of total cloth area and 20 percent spare
capacity is assumed. See Figure E-4.

Venturi Scrubber

Venturi scrubbers are employed in this study for particulate
control for several different processes. The variations are
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WATER REQUIREMENTS, Q(gpm PER scfm)
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carbon steel or stainless steel. Both variations include piping
at the scrubber, an access platform, automatic pressure drop
control, an electrical system, instrumentatiocn, and lighting.
Pumping and water‘clarificétion are handled as separate modules.
See Figure E-5. Water usage is determined from the equation shown
in Figure E-1. The rationale for water usage is discussed above
in the section relating to electrostatic precipitation.

Contact Gas Cooler

The contact gas cooler is utilized in pollution control
systems to cool gases prior to their entering control devices
such as ESP's, fabric filters, or scrubbers. Water is sprayed
through nozzles at the top of the tower with the hot gas flowing
up through the sprays. The water is drained by gravity through
the bottom of the tower. The temperatures assumed for the gas in
the design of this device are 2500°F in and 275°F out. The
design gas velocity through the tower is 600 feet per minute, and
the cooling water temperature is assumed to be 90°F. Construc-

tion is of 1/4 in. plate. See Figure E-6.

Radiation-convection Gas Cooler

The gas cooler is utilized to cool gases without wetting
them prior to their entering a control device. Estimates were
made for both carbon steel and stainless steel. BHairpin con-
struction is used to maximize total duct surface area in the
minimum space. Three-foot diameter duct is used. The gases
transfer their heat to the air by convection and radiation. See

Figure E-7.

Dust Suppression for Car Dumper

This device is utilized in the prevention of fugitive dust
where railroad cars are dumped mechanically. The system consists
of a wetting agent storage tank, a mixing tank, a filter for the
water supply, and pumps. The wetting solution is pumped into
four headers, one on the dumper, and three around the hopper.

See Figure E-8.
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Dust Suppression Spray Truck

This module is utilized in the prevention of fugitive dust
from storage areas and roadways that are situated such that
permanent sprays would not be feasible. These would also be
used for sealing dormant piles., See Figure E-9.

Dust Suppression Spray Tower

These are suitable for dust suppression from relatively
inactive storage piles of iron ore and coal or waste materials
in generally open areas. The module consists of a spray tower, a

filter for the water supply, and a pump. See Figure E-10.

Dust Suppression at Transfer Points

This module is utilized to control fugitive dust at transfer
points in the movement of raw materials by conveyor, and at
screens and crushers. It consists of a pump, 1000 ft of pipe,
and proportioning equipment for controlling the amount of chemi-
cal dust retardant mixed with the water. See Figure E-11.

Dust Suppression at Perimeter of Storage Yards

This module is utilized in the prevention of fugitive dust
around the perimeter of well defined storage yards. It consists
of a pump, piping, and spray nozzles every 30 feet. Cost of one
system is based on a coverage of 240,000 ftz. See Figure E-12.

All of the five preceding dust suppression schemes are
estimated based on similar concepts applied in other industries.
There are no known systems in the U.S. steel industry which can

be evaluated as to their effectiveness or operating problems.

Hooded Quench Car

The hooded quench car is utilized for the control of emis-
sions during quenching. An enclosed hooded coke guide directs
the fumes into the hood around the quench car. Further enclosure
is provided by side wing plates on the existing door machine and
coke guide. Allowance is included for bench modifications to
hold the additional weight via the retrofit factor. Before
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release to the atmosphere, the fumes are cleaned by a hot water
scrubbing system, which is included in the package. See Figure
E-13.

Stage Charging

Stage charging is utilized in the control of charging emis-~
sions in coking. Both a retrofit option and a new car option are
provided in the cost model. 1In the retrofit option, the existing
car is modified by equipping it with fume piping, new hopper gate
assemblies, stainless steel cones for the hoppers, a hydraulic.
system, an electrical control system, and a gooseneck cutter. A
steam supply and a pushing machine leveler bar smoke seal are
also provided in this option. The new car is designed with four
hoppers utilizing gravity feed and a butterfly flow control
plate. The fume pipe connects the No. l.and No. 4 hoppers and
the No. 4 charging hole two ovens away. A hydraulic system
operates the slide gates, the drop sleeves and the flow control
valves. A gooseneck cleaner and an air conditioned cab with
filtered air are included. Lid lifters are not included. See
Figure E-14.

Sinter Plant Windbox Recirculation

Sinter plant windbox recirculation is utilized in the con-
trol of windbox emissions by filtration of the air through the
bed of hot sinter. The module includes a recycle main with
supports, off-takes-with'dampe:sr a hood over the sintering
machine with supports, and refractory lining for the hood. See
Figure E-15.

Quench Tower Baffles

Quench tower baffles are utilized in the control of quench-
ing emissions in coking. This module includes a spraying system
for backflushing with supports, a pump, and a strainer as well as
the baffle5>themselves; See Figure E-1l6.
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Coke Qven Door Cleaner

This module is utilized in the cleaning of coke oven doors.
It consists of a high pressure hgdraulic system, and is installed
on the existing pushing machine and door machine. See Figure
E-17.

Dry Quenching

Dry quenching is utilized in the control of guenching emis-
sions in coking and eliminates the emission of particulate which
occurs in wet quenching. This module was estimated as a package
which includes all the eguipment necessaty for the process.
Basically, the coke is released into a water jacketed cooling
bunker where its temperature is decreased to less than 200°C by
recirculating inert gas. There is byproduct steam created in the
cooling bunker which can be used elsewhere in the plant. See

Figure E-18.

Bleeder Flares

Bleedef flares are utilized in the control of emissions of
excess fuel gas. Modules are provided for the flaring of coke
oven gas, blast furnace gas and BOF off gas. For the blast
furnace and BOF gas bleeder flare, two burners are provided. -Ohe
burner is operating while the other is on standby. Natural gas
is used for the burner system. 1Ignition is started manually from
the base of the stack. A new platform and ladder for the exist-
ing bleeder stack are provided. The coke oven gas flare does not
require an enlarged stack because of the higher Btu content of
coke oven gas. Thermocouples are provided to monitor the pilots.
See Figures E-19 and E-20.

Mist Eliminator

The mist eliminator is utilized in controlling-water'misi
present in exhaust gases. that have been passed through wet con-
trol devices such as wet scrubbers. Two basic types have been
estimated: the wire mesh type and the blade type. Each can be
either carbon steel or stainless: steel. The stainless and
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carbon steel varieties of both types are of similar construction.
All consist of a vessel containing the blades or stainless steel
wire mesh, along with a spraying system and drain at the bottom
for back washing. Also included in the estimate is a pressure
drop recorder with alarm, and an access platform and ladder to
the manways. See Figure E-21 and 22.

Fans

The fan module consists of the fan, motor and coupling
along with the electrical control system. Foundations, struc-
turals, and supports are included as required depending on fan
size. The control parameter for cost is horsepower which is a
function of acfm and fan static pressure. Fans are sized for
cold startup, i.e., acfm at the temperature of the exhaust
stream at the fan. 1In calculating operating cost, fan horsepower
is reduced at elevated temperature to account for lower air
density. Below 500 hp, 100 percent installed spares are used and
above 500 hp, 50 pefcent installed spares are used. Individual
fan size is limited to 1,000,000 acfm and motor size is limited
to 5000 hp. See Figure E-23.

Ductwork

Ductwork is:- utilized. as a portion of many control systems.
It can be either carbon steel or stainless steel and can be
either refractory brick lined or unlined. The estimate has a
basis of 100 ft of duct. Flanges are placed at 40 ft intervals.
For the 100 ft of duct, there are four supports, two to the
ground with foundations and two to existing structural steel.
There is one expansion joint per 100 ft of length. The basis for
sizing the diameter of a given duct is a velocity of 4000 £t per
minute. Insulation is calculated separately as required at a
cost of $6 per square foot. See Figure E-24.

Ductwork Dampers:

Dampers are utilized along with ductwork for isolating con-
trol devices. There are two different materials of construction,
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E-35




carbon steel, and stainless steel. Included with the damper is
an electric operator which controls the opening and closing of
the damper. See Figure E=-25.

Exhaust Stack

The cross sectional area for stacks is determined based on
a velocity of 3000 ft/min. The variables for stacks are the
material of construction which can be either carbon steel or
stainless steel and whether the stack is lined with 4-1/2 in. of
brick or unlined. The stack module cost is based on a stack 100
ft. high provided with an access ladder and platform, test ports,
foundations, and grounding. The stack is designed for a wind
load of 40 pounds per square foot. See Figure E-26.

Opacity Monitor

The opacity monitor is utilized on some stacks, when speci-
fied by NSPS or at the LAER control level. The module includes
an optical head assembly, a retroreflector assembly, connecting
flanges, two blower units with filters, mounting plates, weather
hoods, a remote control panel, and an access platform and ladder.
It is assumed that the stack is 100 £t high and that it is 100 ft
from the control room. See Figure E=-27.

S0, Monitor

The so2 monitor is utilized on stacks where the so2 concen-
~ tration in the exhaust gas is controlled. The module consists of
a filter probe assembly,.a.tempéfature‘controller, a heated
sample line, an analyzer system, and a. recorder. See Figure
E-28. )

Combustion Control Monitor

The combustion control monitor is utilized on fuel burning
sources at the LAER control level to help control opacity ex-
cursions. This module may be divided into two parts, actual
. sampling and control of the fuel to air ratio of the combustion
source. The sampling portion consists of a sample probe, an
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insulated sample line, a clean air supply at 100 psig, a sample
conditioner, and an analyzer. The control portion of this module
begins in the analyzer where an output signal originates. This
signal is adapted to override the existing fuel to air ratio

control system. See Figure E-29.

Canopy Hoods

Canopy hoods are utilized to capture emissions from a
vessel or a process. They are placed above the emission source
and capture the gases escaping from it. The canopy hoods for
this study are square in cross section and made from carbon
steel. The estimate includes fabrication and carbon steel plate
in the range of 1/8-in. to 1/4-in. depending on the size of the
hood. There are two available options in the cost model: re-

fractory brick lining and skirting. See Figure E-30.

Canopy Hoods for Electric Arc Furances

Canopy hoods are utilized in the control of fugitive emissions
from electric arc furnace steelmaking. They are placed in the
roofing structure cf the building which encloses the furnace and
are located directly above the furnace. This estimate is based
on construction of 20 gauge galvanized carbon steel sheeting and
carbon steel supporting members. The estimate includes fabrica-

tion. See Figure E-31.

Wastewater Treatment

The wastewater treatment module is utilized for removal of
suspended solids from the discharge water of wet control devices
such as a scrubber. It consists of a degritter, a flash tank,
primary clarifier rated at 2.5 gpm/ft2 overflow rate, a pump
well, pH control, and vacuum filters for sludge dewatering. See

Figure E-32.

Water Pumping System Module

This module consists of pumps, valves, and piping to supply
clean water (river water) to wet control systems such as makeup
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water to a recirculating system or supply water to a dust sup-

pression system. See Figure E-33.

Waste Water Return System

This module consists of a sump, slurry pumps, and necessary
piping and valving to return wastewater from a wet control device
to the wastewater treatment system. See Figure E-34.

Building Louvres

Building evacuation is utilized where a building encloses
one or more fugitive emission sources. This module consists of
louvers for 100 £t of building length, and a louver operator
every 50 ft on either side of the building. This module is only
a small portion of a building evacuation system,  the majority of
cost being in fans, ductwork and control device. See Figure
E-35.

Blast Furnace Runner Covers

Blast furnace runner covers are utilized in the control of
cast house emissions in the iron making process. They cover the
iron runners from the skimmer plate .to the pouring spouts, and
channel the air flow to a collection outlet, where telescoping
duct extensions are connected to capture the emissions. The
design length and width of the runner covers are 20 ft and 5 ft,
respectively, and they are constructed of carbon steel, with
refractory lining. Eyebolts are included for lifting the covers
into position. See Figure E-36.

Basic Oxygen Furnace Enclosure

BOF enclosures are utilized in the control of fugitive emis-
sions which occur in the basic oxygen process during charging,
slagging, and tapping. The enclosure completely surrounds the
furnace and channels the emissions toward its top where a duct
connection is made. The enclosure is equipped with sliding doors
which are opened when the furnace is charged. The enclosure is
constructed of carbon steel. See Figure E=37.
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Coke Oven Gas Desulfurization

Coke oven gas.desulfurization is utilized in the removal of
hydrogen sulfide and organic sulfur compounds from coke oven gas
so that it can be used as a fuel. There are three basic parts to
the representative system used in this study. The first is a
Sulfiban* plant where st as well as organic sulfur compounds and
HCN are removed from coke oven gas by passing it countercurrent
to a monoethanolamine (MEA) solution. The second is HCN pretreat-
ment where after removal from the MEA solution, the acidic gas is
passed over a catalyst, and the HCN is decomposed. The third
'part is the Claus plant where the partially oxidized acidic gas
is again passed over a catalyst and is converted into elemental
sulfur. There are a number of viable prc:ocesses-i-10 for desulfur-
izing coke oven gas. The Sulfiban process is used herein as
representative of the class of processes available and in addi-
tion will remove organic sulfur. The efficiency of the process
is apparently adegquate to achieve the limit of 10 grs H25/100 scf
used as the LAER definition herein. The scope of this project
does not permit detailed examination of operating or capital cost
variations which result from fine tuning the efficiency of the
process to achieve 50, 35 or 10 grains total sulfur content. A
distinction is made based on Dunlap's work9 and is primarily a
matter of increased steam consumption at higher efficiencies.

The vacuum carbonate process requires additional reactor vessels
to achieve higher efficiencies, but the Sulfiban process is
reported7'8 to be capable of the 10 grain level with only an
increase in MEA recirculating rate, consumption and contact time.
See Figure E-38.

Conveyor Belt Hoods

Conveyor belt hoods are utilized in the prevention of
fugitive dust where materials are moved by conveyor belt. They
fit over the belt, and a suction is provided to capture the air-

*Mention of product or trade names does not constitute or imply
an endorsement of the product by PEDCo or EPA.
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Conveyor transfer point hooding module.
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borne particulate. The module includes both head end and tail
end hoods. They are only used in the conveyor belt system where
the material being moved must uqdergo transfer. See Figure
E-39. ‘

FGD System

The PGD system utilized in this study is for boilers. It is
a package estimate and includes everything that is needed except
for a new stack. There are three options available. The first
is a limestone SO, absorber only. The second adds a venturi
scrubber for particulate control. The third includes a waste-
water treatment plant in addition to the absorber and thé scrubber.
The type of system required depends on the fuel used'by the
boiler. A modified version of the system without the venturi
scrubber is used for 802 scrubbing of sinter plant windbox
exhaust gas. See Figure E-40.

BOF Hood Modules

Two types of hoods are included in the cost model; the con-
ventional open hood mounted in a fixed position above the furnace,
and the closed hood for suppressed combustion systems with a
telescoping lower section for mating to the furnace mouth. The
cost for a conventional hood was derived from Reference 19. The
closed hood was based on cost 30 percent higher than a conven-
tional hood. The cost of the conventional hood is considered
part of the process and is not included in the control system
cost. In the BACT and LAER control systems, however, the cost of
the closed hood arrangement is included for the retrofit situa-
tion. See Figure E-4l.

Water Cooled Duct

Water cooled duct is used for the'initial.cooling.of electric

- furnace exhaust gas in direct shell evacuation control systems.

As with many of the modules, a broad range of design variations

are possible depending upon site specific factors and the designer's.
preference.
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_DESIGN DATA
PEDCo ENVIRONMENTAL DESCRIPTION RBOF HoopD +

PROJECT NO. _ 3315 PRIiMARY CoUiLING

DATE 2-/7-78&
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Figure E-41. BOF closed hood module.
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Direct spray cooling is an alternative to noncontact cooling
in electric furnace systems, but it has not been used in this
study because of the potential of water carryover and bag fouling.

See Figure E-42.

Dust Handling Egquipment

The dust handling module is included with dry ESP's and
fabric filters. It is sized on the basis of tons of dust col-
lected per day with a minimum capacity of one ton per day. The
.module includes screw conveyors, bucket elevators, storage bin
and ancillary equipment. No wetting or pelletizing equipment is

included. See Figure E-43.
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DESIGN DATA:

PEDCO ENVIRONMENTAL DESCRIPTION DATE 72.i4.18
PROJECT NO. 13315 Warar Coerso PLarg Duer BY TmaAUS
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DESIGN DATA
DATE \-13.02

PEDCo ENVIRONMENTAL DESCRIPTION _Dusrdnmbuims
BY _TRALE

PROJECT NO. _ 3315
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Figure E-43. Dust handling module.
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module No. (o Sheet | of I1G

—

SUMMARY
PEDCo ENVIRONMENTAL pEscriPTioN (3ns CoouLiwG DATE 10-25-17
PROJECT NOo. B3\S Go,000 AcFM (WaTen Quemck) 3y TrAue
DETAIL
‘DESCRIPTION SHEET .MATERIAL LABOR TOTAL
DIRECT COSTS
1. Equipment 14 |2 600 Il 200 23800
Instrumentation 12 2800 B4o 2240
3. Piping 1 Gloo 2G40 0240
4. Electrical | 1900 1v20 2670
5. Foundations 13 780 1560 2 %40
6. Structural 13 Sw40 994 6634
7. Sitework 14 - 240 140
8. Insulation — -— — -
9. Fainting 7 —_ 1700 7200
10. Buildings
11.
12.
15. DIRECT SUB-TOTAL 29720 | 21794 51514
INDIRECT COSTS
. 21. Field Overhead 15 1034
22. Contractor's Fee ( 50’7.,\ —_ L85
23. Engineering 16 4000
24. TFreight 16 200
25. Offgite - —
26. Taxes (5% x material) -_ 1485
27. Allowance For. Shake-down G I2Zoo
28. Spares - i8oc0
29.
30.
31. INDIRECT SUB-TOTAL 58011
as. SUB-TOTAL ; 109525 -
41. cContingency (20% line 35) 204175
42.% Interest During Construction
45. (Mid-1977 Costs) TOTAL - \30,000

_" Iaterest will be coleuloted on tota) s..gsfc.m after asumng modvies .
F-1




nodule 0. G “smulef_gg

SUMMARY.
| PEDCo ENVIRONMENTAL pescriPTion Sas Coowimg DATE 1o- 26 7T
PROJECT No. D3!S 250,000 ACFM  (waTee Quewmew) sy __TRaus
] DETAIL ‘
DESCRIPTION SHEET | MATERIAL. LABOR TOTAL
DIRECT COSTS
1. Equipment 1< - 54000 | 44800 98 800
2. Instrumentation V2 15060 B840 334
3. Piping & T700 Q100 26300
4. Electrical S . 3eo 1680 4282
$S. Foundations B 2160 4320 | 6420
6. Structural X ‘286G 8a A6 2126
7. Sitework - r P- - 360 2eo
8. Insulation -~ - - -—
9. Painting 7 - QQ oo A9sa '
10. Buildings
11.
12. '
15. DIRECT SUB-TOTAL 97040 | 14216 {7191¢&
INDIRECT COSTS
21. Field Overhead 1S 4117
22. Contractor's Fee (,Q_-’L’\ - ' 20603
23. Engineering S XN rocu
24. TFreight T 16 So0ao
25. Offsite ' S | -
26. Taxes (54 x material) - ' ‘ 4887
27. Allowance For Shake-down 1G . 12ca
28. . Spares - A { o0
29. |
~ 30. .
© 31. INDIRECT SUB~TOTAL.. : 1 10259 g |
35, SUB-TOTAL. _ 274514
41. Contingency (208 Iine 35) | . E448¢C
42. Interest During Construction » . ]
. €5.. (Mi4-1977 Costs) TomL | ' , 329,000
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SUMMARY.

Module No. ©_ Sheet 3 of 1G

PEDCo ENVIRONMENTAL

DESCRIPTION

Gas Coouing

DATE \G-7&-171

L4

PROJECT No. 33185 coo,000 acrm (WaTer Quenmen) sy _TRaus
- DETAIL
DESCRIPTION SHEET MATERIAL LABOR TOTAL
DIRECT COSTS
1. Equipment 14 915060 78480} {9900
2. 1Instrumentation L & 2560 840 R340
3. Piping S 20000 ] oo 3I\QoQ
4. Electrical Ly B8Goo 3360 {1260
S. Foundations 3 3120 M4 40 tti1Go
6. Structural i3 28440 4452 298131
7. Sitework 14 — &Goo Goag
8. Insulation - - —_— -_—
9. Painting 1 —_ 16 Soo \e Soao
10. Buildings
11.
12.
15. DIRECT SUB-TOTAL (51760 {123492| 275252
INDIRECT COSTS i
2l. TField Overhead S 5e58|
22. contractor's Fee (1o ‘7“ - 33183
23. Engineering 16 4a coo
24. TFreight G Booo
25. Offsite -— —
26. Taxes (5% x material) 7508
27. Allowance For Shake-down G t200
28. ‘Spares -— 1000
29. .
30.
31. INDIRECT SUB-TOTAL 14755 2.
3s. SUB-TOTAL 422804
41. Contingency (208 line 3S) 84096
42. Interest During Construction
45. (Mid-1977 Costs) TOTAL 504,900




module 6. _© _ sweet & os o

SUMMARY
PEDCo DWIRONMENTAL  DESCRIPTION _OAS CooLinG DATE '8 -2G -7
PROJECT No. 3318 1,000,000 AtFMm  (Water Quencn) py  Traue
DESCRIPTION : g:g;x. MATERIAL LABOR TOTAL
DIRECT COSTS
1. Equipment ' 4 222000} 168000] 390 00O
2. Instrumentation I “LSO o 830 334%a
3. Piping o) 42000 | V8200 60200
4. Electrical 12 i1«S00 | 3780 t8 280
5. Foundations. 13 GoGo | 12:i20 & i8a
6. Structural 13y Seieov anng Y- R A4
7. Sitework 3 {4 —— l2co Sy -Y~
8. 1Insulation -— -— - —
9. Painting h { -— 41800 a\Roo
10. Buildings
1. '
12.
15. DIRECT SUB-TOTAL 3372006254718 5914918
~ INDIRECT COSTS
21. PField Overhsad \ G HHZ285%
22. Contractor's Fes - 7 478
23. Engineering 16 44000
24. Preight 16 IMTooa
25. offsite - -
© 26. Taxes (5% x material) -3 | €860
. 27. Allowance FPor Shake-down. {2Zao
28. Speres - TLoa0
28. | 4
30. '
E 31. INDIRECT SUB~TOTAL 264238 ,
3s. SUB~TOTAL 956,313 F
41. Contingency (20% line 33) | 1736%7
- 42. Interest During Construction A
45, (Mi4-1977 Costs) TOTAL 1,030, 6a0
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Module No. _ &

DESIGN DATA
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Module No. & Sheet & of 1@ |
4 DESIGN: DATA
PEDCO ENVIRONMENTAL DESCRIPTION GAS COOuLING DATE {0-24.1%
PROJECT NO. _ 3315 (WaATER QUENCHINGY gy TrRAus
DESIGN CRITERIA:
e R GAS Vowume | Toraw DA
CEM DA ‘A OF ACEM v me
v~ INLET COOLER ouT OF VAmoR our OuTLET
| eocoe | 45" n'-4" \4aco | 13200 | 28,100 | 3-0*
? 250,000 alo” 3-0" @ Zro0o SSaca 1,100 | Ge-7"
3 {500,000 28" _ 32-8° {24,200 | 10,000 | 234200 a&.a”
4|1, 000,000 18-0" - 248 400 | 220,cc0 |4G8 4ov te-3"
WATRA PUMP SIZE
VABOR AT 2007,
LB /i | vaPaR :
1] 436 165 Gm
2| 1815 | 435 cem
41 1260 | inqo Grvm
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DETAIL CSTIMATE Module No. _ G Sheet T _of ¢
PEDCo ENVIRONMENTAL  DESCRIPTION Gas Coouima DATE __1o-25-11
PROJECT NO. 3315 (( WATER Quenciing ) BY ?——_—gn ys
ATERIAL LABOR
DESCRIPTION QUANTITY UNITS P:,:(I:::- AMOUNT ::33;5 RATE AMOUNT TOTAL
3 Pipine - (Fen Gu, 000 |ACEM )
Pirne Tueo. Meaper(?Z) 200 -+ .40 280 24
GATE VALves 8 - I 156G 12.
Cuecw v z - 4¢g Qo 3
Groeste " R \ - Qo Go \
Srrat Nowzies io - 0 200 1o
Daniw Pipva (Gﬁ oo Fr SAa3 sS4 as
Grnre Vawve G’ i - 2\ 26\ 3
ry Feanges " 3 - (4 3 9
\ l, Firrsas LN ) ~ o 150 1
) Firvimas <* K - 3o0. ‘2o 24
' Pume's < - tToo 2Zloo G
SuPpPorTs 20 - 30 Goo so
SvyeauEr | - 100 200 [
Fiow Cowt Vawve | - 'S0 11 Sn 3
Misc RLlow hce 317 28
ConrRel A p-(nuc (- Fy lOo/wu 100 14 .
Tovran G100 2Go 4 340 10340
' 9 Paiwrine
G0, 006 Ackra  Luir 2o00| S.*® Vo (mpl) - — - 7200 21200
255,000 © “ Qooo S.F f.to - - - 9a0u q9qo00
5 00,000 " .- 1Socoeu SF U - - - '6Sno 1. Soo
\,©00 ,000 v " -Mzsb'oou SC t.ro —_ - - 4\ duu 41 Boo
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DETAIL LSTIMATE Hodule No. G Sheet 8 of 16

PEDCo ENVIRONMENTAL DESCRIPTION Gng Coovina ' DATE V. 2§-3)
PROJECT NO, 3318

{Wiaryq GQuspciinig) Y A
- T ]
DESCRIPTION QUANTITY | UNITS P:,I,é: AOUNT - T oare ANGUNT TOTAL
B S P.tn_‘cﬁ L'LSQ‘ULN ACENA U”"T‘

Pierwa Tuer. Henoig ¢ 320 Fr gas 1ac0 "
Garg \VaLves " 8 - 26} 2083 18
GLove VaLve 6* \ - 339 N X 3
Cugen Vaiust 6" K3 - 178 376 3
Spnay Nezuoes 45 - 10 oa 45
Sp'll.hj P_._tinq 1" oo Fr |.<+0 140 iy X
FiLaweges 6" 4 - 2\ So4 1
Fimuas G’ IS - 3o 4%0 Qo
‘Surronrs 10 - 30 Goo %O
Dann P.e.ug o oo Fr 12.15 \ts \S
Vnauvt 1wl - 30 T30 3

FLanass Ia" -3 — ¢13 129 '3

Fircinas o 4 - o (4% 36

Suppenrs G - 4o 240 24

Svaainta ' - \Zeo {Zaoo 20

Fiow Comr Varve - ) 2100 2ico [3
Coureur A Pipina 100 “Fr 199 /100 Fr ‘oo \4

IR LY Aciewnibeca Gl a7

Pomes (R _ - 1GCoo Rloo sa

tMT2eo GSe 4 Qioo 26300




DETAIL ESTIMATE Module No. G Sheet A of 16
PEDCo ENVIRONMENTAL  DESCRIPTION Gas_CoawimG DATE 1o - 25-10
PROJECT NO. _ 3315 ‘ (warea Quewcu) BY ~—TrnAu8 [

IATERIAL LABOR o
DESCRIPTION QUANTITY UNITS pg';ég AMOUNT :;:83;5 RATE AMOUNT TOTAL
3. Pipwc (Fon Soe ocvo ACFM)

PiPiNG Te HEADER G" 100 Fr s a3 ioo0 o
llenrvea Pipimc 2" 4%0 Fr V.90 @30 16
Seray Ppiva ' 150 - .40 Lo 26
Sepanus Ao - 2o 180 0
Gara VALVES A G - 261 186G 13

Guuees « (A | - 231 2317 3

Cheew & [A 2 - 198 3a¢ 3
Firmnegs 1Y 17, - Y- 3co Tt
Pumer 2 - 2o00 4000 G
STrAaiwER \ - oo IZoo 20
FurwGes '3 - 2\ EX{ S4
Dreavw Pipinve W2 oo Fr 13 1300 1S
Vawve " \ - 1100 l1oo 4

Firnnages 1 3 - Ao 2170 \G

Firfmuas " q - Q0 360 a2
Feow Cowr Vawve 12 \ - 7S o0 2S00 5

Cournu. Ara Piping too Fr 1o /iew toa 14

SuctronrTi So - 30 ISoo 200
s c ALcow \ucﬁ- 93 (Y]

19,000 850 14 V1Qa0 31900
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DETAIL ESTIHATE

Module No. & Sheet 10 of G
PEDCo ENVIRONMENTAL  DESCRIPTJON Sns Coorimg DATE ia 25-77) -
PROJECT NO. 3315 (Warer (qusocp ) BY TRAuS
‘ ‘ N IATERITAL * LABOR T

DESCRIPTION QUANTIlTY UNITS P:,:([:::- AHOUNT ::33;5 RATE AMOUNT TOTA‘L
3 Pipnc ( Fon 1000 00e ACFMY -
- Pipine v Heanens 0] 240 | Fr 1S 7940 4o
Seany Hepocrns T 9 c,oo Fr 353 2R \So
Seany Pipina T 3c0 Fr V4o 410 Go
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Cowraa. Yauve r ] - Scoo Sacow [

Sueporrs ' GO - 40 1400 240

‘Daain Piping 4"l 100 - e Voo \G

Gava VaLve LY R - 1608 iGo8 4

FQ""DNG'; 4" <4 - 20 Stlo 5o

FLangss 4" 3 - 124 312 q

S_u’ron.vs [#S - Go 3c¢o 3o
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DETAIL LCSTIMATE Module No. @ _  Sheet Il of G
PEDCo ENVIRONMENTAL DESCRIPTION . Gns Coovimc DATE 1o-.tG ™
PROJECT NO. 3315 (waree Quowuce ) BY TRau®
HATERIAL LABOR —
DESCRIPTION QUANTITY UNITS P:':(I::.: AMOUNT ::33;5 RATE AMOUNT TOTAL
a E.ccrricay (60‘000 Accta)
Morea T-1oue z 400 Boo 8
Sraara (N - Go 110 <
Qs vein T - 40 g0 2
Coumnuir Row Qwoiniue 100 (3 o 220 EXA
‘Supponr 4 Misc Aiow 280 31
Toran ‘* ISeo 8o 14 ‘{2o Telo
4 EiLecmicalr (256,000 AcFpy
Meoroa t - 30-bP 2 - Qo0 200 XA
Sranren (R - 197 39 4 \4
Swiren 2 - qo 180 4
Comouwr™ £ W6 FACE'S Ce t.qo A0 44
SuPPuATE & My Accowus, 346 4o
Torace 3100 2o ‘e 180 4180
4& Ececmicar (5000 Achm)
Myrua T -IsuP 2 — 3000 Gooo 37
SranaTen Z - 44¢ 890 20
Swiren 2 1271 54 1o
. Compuir & Luin v oo Ce 3 Bo TGO QA0
SueponTs & Mite AcLow A &3
TovraL 8Goa 140 14 2360 119 Go
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DETAIL ESTIMATE Hodule No. G Sheet 12 of 1G
"PEDCo ENVIRONMENTAL DESCRIPTION __ GAs Coouinc DATE to- 26-13
PROJECT NO. 3315 (WaTea (DAyEscH ) BY TRAu®
e R T e NTERIAL - ﬁLA—__T;—
DESCRIPTION QUANTITY UNITS Pg;{é: AMOUNT ::83;5 RATE AMOUNT TOTAL
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, DETAIL ESTIMATE Module No. G Sheet 13 of G
PEDCo ENVIRONMENTAL DESCRIPTION Gas Caouuimd DATE 16 . LG V]
PROJECT NO. 3315 f waren. QuEucwn) BY TRAaLS
HATERIAL LAROR | —
DESCRIPTION QUANTITY UNITS Pg?é: AMOUNT ::33;5 RATE AMOUNT TOTAL
Strucrumnas  (Guovo Aceh)
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DETAIL ESTIMATE Hodule No. & Sheet 14 of i
PEDCo ENVIRONMENTAL  DESCRIPTION Gag CooLinc DATE |o.1c.]__
PROJECT NO. 3315 _ {\pATER @QUENCH) pY TRAUS .
T T ’ B MATERIAL LABOR '
DESCRIPTION QUA-NT;TY UNITS P:';é:; AMOUNT ::33;5 RATE AMOUNT TOTAL
1. EQuipminT — Coouy - ‘ ' .
60,006 ACEM LY ‘21000 | LBS %0 {2600 8oo | 14 ilzoo 23800
150 e v w 90,000 | w83 .Go S4000 3200]| 14 44 p oo ag soo
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APPENDIX H

STATE. AIR POLLUTION CONTROL REGULATIONS



Introcduction

There are twenty jurisdictions in this study as shown in
Table H-1. '

Nine types of regulations were considered to be important
enouch for graphing or tabulation. These fall into three cate-
gories, Particulate Emission Regulations, Sulfur Compound Emis-
sion Regulations, and Opacity Regulations. Table H-2 shows the

nine regulation types and the categories into which they fall.

Farticulate Emission Regulations

A particulate emission consists of finely divided solid or
liquid particles being introduced into the air -from a source such
as a stack. There are three types of particulate emission
regulations.

The first is the Process Weight Rate Regulation. This type
cf regulation assigns an allowable particulate emission rate in
Ib/hr to each hourly rate of throughput. ft is generally variable
with respec£ to the finished product rate and for that reason has
been graphed for the purposes of this study. See Figures H-1
and H-2,.

The next type of particulate emission regulation is Allow-
able Particulate Emissions for Fuel Burning. As opposed to
process weight rate regulations this bases the allowable emission
rates on the firing rate (in lO6 Btu per hour) of the boiler. It
assigns an allowable emission rate in pounds per million Btu
fired. The allowable emission rate is generally variable with
respect to firing fate and is shown in Figures H-3, H-4, and
H-5. ' '

The last type of Particulate Emission Regulation to be
discussed is grain loading. .This type ofl regulation gives a
maximum weight of ﬁériiéhlété‘matferj generally in grains, to be
suspended in a given VOfume 6% gas, generally in dry standard
cubic féet. It is generally applicable to both process opera-
tions and fuel burning, but is usually constant with respect to

exhaust rate. For that reason it is tabulated and not graphed.

H-1



Table

H-1. AIR POLLUTION CONTROL JURISDICTIONS

States Counties Cities
Olnkénnéylvahia 13‘Wéyne Co., Michigan 16 lNouston, Texas
02 Ohio 14 Allegheny Co., Pennsylvania {17 E. Chicago, Indiana
03 Kentucky 15 San Bernardino Co., Calif. 18 Chicago, Illinois
04 Maryland 19 Gary, Indiana
05 New York 20 Cleveland, Ohio
06 Indiana
07 Colorado
08 Illinois
09 Texas
10 Alabama
11 vUtah
12 West Virginia




Table H-2. TYPES OF AIR POLLUTION CONTROL REGULATIONS

Particulate Emission Sulfur Compound Emission -Visible Eﬁlssion
Regulations Regulations Regulations

Process Weight Rate SO2 Emissions for Fuel Burning | Primary Visible Emissions

Regulations

Particulate Emissions for SOZ-Concentration Fugitive Emissions

Fuel Burning
Grain Loading Fuel Sulfur Content

HZS-Concentration
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See Table H-3 for further details.

Sulfur Compound Regulations

The first type of sulfur compound regulation is for fuel
burning. This regulation generally gives allowable S0, emissions
in lb/lO6 Btu as a function of firing rate in millions of Btu per
hour. The allowable emission generally varies with firing rate
and is graphed in Figures H-6, H-7, and H-8.

The next type of S0, regulation is SO, concentration. This
type of regulation gives a maximum allowable concentratiqn of SO2
for a gas stream to be discharged into the atmosphere. It is
generaly expressed in parts per million (ppm) and is a constant.
Therefore it is presented in Table H-4 rather than graphed.

The third type of Sulfur Compound Emission Regulation is the
sulfur content of fuels. This merely gives a maximum allowable
elemental sulfur content of fuels. It sometimes varies with the
tvpe of fuel, but is always constant for a given fuel. It is
presented in Table H-4.

The final type of Sulfur Compound Emission Regulation is for
HZS concentration. It can be expressed in ppm or in grains per
dry standard cubic foot, and is generally aimed at the prevention
of flaring gas streams containing HZS above a certain concentra-
tion. It is constant for a given jurisdiction and is presented
in Table H-4.

Visible Emission Regulations-Opacity

A visible emission is one that can be seen such as smoke.
The opacity of a visible emission is its degree of obscuration of
light and is expressed as a percentage. The two types of visible
emissions, primary and fugitive are each discussed below.

The first type of visible emission regulation is for primary
visible emissions, which come out of a stack. These types of
regulations generally have a maximum allowable percentage of
opacity for the emission. Sometimes a higher percentage of
opacity is allowable for several minutes of an hour. For all
primary visible emissions the allowable opacity is constant and

is presented in Table H-5.
H-9
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Table H-3. GRAIN LOADIMNG REGULATTONS

I

Alabama h
Chicago
Cleveland
Colorado

East Chicago
Gary

Illinois
Indiana

New York

Ohio

Utah y

Kentucky
Maryland

Pennsylvania and
Allegheny County

San Bernardino
County

Texas and Houston

Wayne County

West Virginia

THESE JURISDICTIONS
DO NOT HAVE
GRAIN LOADING

REGULATIONS

0.02 grains/dry standard cubic foot

0.03 grains/dry standard cubic foot; 0.05 grains/dry standard cubic
foot for processes of 60,000 lb/hr and more

0.04 grains/dry standard cubic foot when discharge rate :150,000
dry standard cubic feet per minute
A = 6000 E-1 where 150,000 - discharge rate <« 300,000

E is discharge rate
0.02 grains/dry standard cubic foot when discharge rate -300,000
dry standard cubic feet pcr minute

They have a table in their regulations

E = 0.088 q°%% E is in 1b/hr; g is in ACFM

0.10 1b/1000 1lb exhaust gas for open hearth, basic oxygen, and
electric arc furnaces

0.15 1b/1000 1b exhaust gas for sintering and blast furnaces
0.30 1b/1000 1b exhaust gas for heating and reheating furnaces

0.05 grains/dry standard cubic foot for sintering
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Table H-4.

SULFUR EMISSION REGULATIONS

Jurisdiction

Allowable

Sozconcentration

|

Allowable
Sulfur in fuel

Allowable

HZS concentration

Alabama Class
1 Counties

Alabama Class
11 Counties

Chicago

Cleveland
Colorado

E. Chicago

Gary

Illinois

Indiana
Kentucky

Maryland

New York

Ohio

Pennsylvania and .
Allengheny Co1

San Bernadina:fa.,

None

None

500 ppm

6 lbs per ton of
process weight

S00 ppm

850 ppm

None

2000 ppm

None
2000 ppm
2000 ppm

None

2000 ppm

S00 ppm

None

Texas and Houston Sintering

Utah

Wayne County

West Virginia

2500 ppm

None

thtI 280 ppm,

Residual oil
280 ppm, Dis-
tillate 120 ppm

2000 ppm

1

None
None

8 §

None

None

0.9 lbs of sulfur
per million Btu
heating value

None
Coal 1.8%, Resicg-
n

ual fuel oil 1.
Distillate 0.3%

o

None

None
Residual fuel
oil 2%, Distil-
late 0.3%, Pro~-
cess gas 0.3%

0il 0.75¢
Coal 0.60%

None

None

0.5%

None
0il 1%
Coal 1.5%
Coal 0.75%

Distillate 0.30%
Residual 0.30%,

Coal 2.0%
0il 1.5 ¢

150 ppm

150 ppm

0.01 ppm
170 grains/100 DSCF

! None

160 ppm

None

None

i None
‘10 grains/100 pscr

; None

50 grains/100 DSCF

100 grains/100 DSCF
'50 grains/100 DSCF
800 ppm
Based on stack para-
meters

None

None

50 grains/100 DSCF

H=14



Table H-5.

VISIBLE EMISSION REGULATIONS

Jurisidiction

Primary
Visible Emissions
Regulations - Opacity

Fugitive Emissions
Regulations - Opacaty

Alabama Class
1 Counties

Alabama Class
II Counties
Chicago

Cleveland

Colorado

E. Chicago

Gary

Illinois

Indiana

Kentucky

Maryland
New York

Ohio

I,

Pennsylvania and

Allegheny Co.

San Bernardino

County

(continued)

Up to
Up to 60¢%
of

Up to
Up to 60%
of

Up to
Up to

20% opacity
opacity 3 min
an hour

20% opacity
opacity 3 min
an hour

30% opacity
40% opacity

4 min out of 30 min

Up to
Up to
3 min

Up to

Up to
Above
S min

Up to
Above
S man

up to
Up to
8 min

Up to
Above

20% opacity
60t opacity
of an hour.

20% opac:ty

40% opac:ity
40% otacity
of an hour

40% oparcity
40% opacicty
of an hour

30t opacity
60% opacity
of an hr

40% opacity
40% opacity

15 min in 24 hr

‘Up. to 20% opacity,

up to 40%

Up to

< 20%

Up to
Up to
3 min
up to
Up to
3 min

Up to

PRIORITY
opacity,

'PRIORITY 11 & III

20% opacity

opacity except

. for 3 min of an hr.

20% opacity
60% opacity
of an hr

20% opacity
60% opacity
of an hr

20% opacity

H-15

Must take reasonable precautions

Must take reasonable precautions

Not visible from beyond prop-
erty line

None

Up to 20% opacity but not vis-
ible beyond property line

Must take reasonable precautions

Must take reasocnakle precautions

Not visible from beyond pro-
perty line

67% in excess of upwingd
concentrations

Must take reasonable

cautions

pre-

Must take reasonable

cautions

pre-

None

Must take reasonable

cautions

pre-

Must take reasonable

cautions

pre-

Must not be visible beyond
property line



Table B=5 (continued)

——

Jurisidiction

Primary
Visible Emissions
Regulations -~ Opacity

Fugitive Emissions
Regulations - Opacity

Texas and Houston

Utah

Wavne County

west Vireinia

Up to
Above
S min

Up to
Up to
Up to

Ugp to
5 min

20% opacity
20% opacity
of an hr

40% opacaty
30t opacity
20% opacity

40% opac:uty
of an hr

Must take reasonable precautions

None

Must take reasonable pre-
cautions

Must have a control systenm
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The second type of visible emission regulation is for fugi-
tive emissigﬁs. Fugitive emissions do not come out of a stack,
but are rather generated in the open air as for example by leaks
or by disrupting a source of particulate matter. An example
might be the pushing of coke from the oven into the receiving
car. This type.of regulation in many cases does not have a
maximum allowable opacity but can be summarized by such phrases
as "must not be visible beyond property line" or "reasonable
precautions must be taken for prevention." The regulations are
in general the same for all types of fugitive emissions and are
presented in Table H-=5.

A number of Production Process Subcategory Emission Sources
(PPS-ES) which emit particulate matter do not have a defined
emission source or vent. The ore piles in an ore yard is a good
example. Heretofore, these sources have generally been treated
as a complying source even though no pollutant control system is
utilized. 1In general, none of these sources neatly fits into the

scheme of current air pollution regulations insofar as specific

emission limitations. The facilities are as follows:

PPS-ES No. Description
101 . Ore yard
201 Coal yard
203 ‘ Coal preparation
403 Sinter fugitive-transfer

points

503 Coke quenching
504 Coke doors
505 Coke topside
507 Coke handling
702 Cast house fugitive
703 - Blast furnace slag pouring
705 élast furnace slag crushing

and screening



PPS-LES No. Description

805 Open hearth slag crushing and screening

905 BOF' slag crushing and screening

1005 Electric furnace slag crushing and

. screening _

801 ' Open hearth hot metal transfer

901 BOF hot metal transfer

803 Open hearth charging, tapping, and
slag. pouring

903 BOF charging, tapping, slagging, and
sampling

1002 Electric furnace charging and tapping
emissions

1101 Conventional casting

1201 Continucus casting

1301 Continuocus casting

The types of existing SIP regulations which may be applied to
these sources are general prohibitions against peolluticn, the
requirement that reasonable precautions be taken to prevent emis-
sicns, process weight rate based emissions, and visible emissions
standards. The SIP regulations of eagh state were studied and
the applicable regulation applied to each PPS~ES listed above.
Where more than one regulation applied, the more stringent was
used. The types of applicable SIP regulations and the resultant
control technology by PPS~ES and jurisdiction are shown in Table
H-6.

Selection of the required control technology is based on
engineering judgment. For example, the prohibition of any
visible emissions from a blast furnace cast house is judged to
require the application of LAER to that PPS~ES. Where emissions
are limited by a process weight rate standard, allowable emis-
sions from a medium size PPS-ES weré determined and compared with
uncontrolled emissions. This defines the control technology.

H-18



Table H-6. CONTROL TECHNOLOGY REQUIRED TO MEET SIP FOR
FUGITIVE SOURCES
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Table -6 (continued)
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Table H-6 (continued)
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