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September 30, 2020 

Via Electronic Mail 

Jean Boling 

United States Steel Corporation 
Gary Works 
One North Broadway 
Gary, IN 46402-3199 

Indiana Department of Environmental Management 
Office of Air Quality, Programs Branch 
JBoling@idem.in.gov 

Subject: U. S. Steel - Gary Works Four-Factor Analysis 
Re: Regional Haze State Implementation Plan - Second Planning Period -
Request for Four-Factor Analysis 

Dear Ms. Boling: 

On June 18, 2020, the Indiana Department of Environmental Management (IDEM) notified U. S. 
Steel - Gary Works that it was a selected source for the second implementation period four
factor analysis for the Regional Haze State Implementation Plan (SIP) and requested U. S. 
Steel - Gary Works to submit a Four-Factor Analysis. The request included evaluations of the 
No. 3 Sinter Plant sinter strands (NOx and SO2), the No. 14 Blast Furnace (NOx and SO2), and 
the 84" Hot Strip Mill Reheat Furnaces and Waste Heat Boilers (NOx). The requested Four
Factor Analysis report is attached for your review. 

Any questions regarding this notification can be directed to Marrissa Taylor at (219) 888-7938. 

Sincerely, 

c or, Environmental Control 
United States Steel Corporation 
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1 Executive Summary 
In accordance with the Indiana Department of Environmental Management’s (IDEM’s) June 18, 2020 
Request for Information (RFI) Letter,1 U. S. Steel Gary Works (Gary Works) evaluated potential emission 
control measures for nitrogen oxides (NOX) and sulfur dioxide (SO2) for the No. 3 Sinter Plant Sinter 
Strands (ISS10379 and ISS30381) and No. 14 Blast Furnace (IDST0359 and IDBF0369), and for NOX 
emissions from the 84” Hot Strip Mill Reheat Furnaces and Waste Heat Boilers (RB1B0508, RB2B0509, 
RMF10500, RMF20501, RMF30502, and RMF40503). This report addresses the four statutory factors, laid 
out in 40 CFR 51.308(f)(2)(i), for the reasonable set of emission control measures pursuant to the final U.S. 
Environmental Protection Agency (EPA) RHR State Implementation Plan (SIP) guidance2 on 
August 20, 2019 (2019 RH SIP Guidance). The four statutory factors are as follows: 

1. cost of compliance 
2. time necessary for compliance 
3. energy and non-air quality environmental impacts of compliance 
4. remaining useful life of the source 

This report, commonly referred to as a four-factor analysis, describes the background and analysis for 
identifying the reasonable set of emission control measures, evaluating effective emission control 
measures, and conducting the review of the four statutory factors. Additionally, this analysis evaluates the 
visibility benefits at the associated Class I areas from the installation of potential emission control 
measures, consistent with the 2019 RH SIP Guidance.  

The NOX and SO2 four-factor analyses with visibility benefits evaluations conclusions are summarized in 
Table 1-1 and Table 1-2, respectively.  

As described in Section 3 and Section 4, the No. 3 Sinter Plant Sinter Strands and No. 14 Blast Furnace 
(Stoves and Casthouse) four-factor analyses with visibility benefits evaluations concluded that: 

• There is no reasonable set of NOX and SO2 emission control measures beyond what is currently 
installed and operated for these emission units (see Sections 3.1.1, 3.2.1, 4.1.1, and 4.2.1).  

• The existing emission control measures are equivalent to those determined to be the Best 
Available Control Technology (BACT) in a recent BACT analysis and, therefore, are considered 
effective emission controls (see Sections 3.1.1, 3.2.1, 4.1.1, and 4.2.1). 

 

1 June 18, 2020 letter from Mathew Stuckey of IDEM to Marrissa Taylor of U. S. Steel Gary Works. 

2 US EPA, “Guidance on Regional Haze State Implementation Plans for the Second Implementation Period,” August 20, 
2019, EPA-457/B-19-003. 
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• Additional NOX and SO2 emission reductions are not appropriate and are unnecessary for these 
sources because: 

o The 5-year average visibility impairment on the most impaired days at the associated 
Class I areas of interest is already below (Mammoth Cave National Park (Mammoth Cave) 
and Seney National Wildlife Refuge (Seney)), or trending towards (Mingo National 
Wildlife Refuge (Mingo)), the 2028 uniform rate of progress (URP) (see Section 6.1),  

o The trajectory analysis demonstrates that Gary Works does not appreciably contribute to 
visibility impairment to the Class I areas on the most impaired days at the monitors and, 
therefore, any installation of additional emission control measures at Gary Works will not 
appreciably improve visibility in these Class I areas (see Section 6.2).  

• Therefore, the No. 3 Sinter Plant Sinter Strands and No. 14 Blast Furnace (Stoves and Casthouse) 
existing NOX and SO2 emission performance are appropriate and sufficient for the IDEM’s 
regional haze reasonable progress goal (see Sections 3.1.8, 3.2.8, 4.1.8, and 4.2.8).  

As described in Section 5, the 84” Hot Strip Mill Reheat Furnaces and Waste Heat Boilers NOX four-factor 
analysis with visibility benefits evaluation concluded that: 

• The reasonable set of NOX emission control measures beyond what is currently installed and 
operated for these emission units consists of Low-NOX Burners (LNB) (see Section 5.1.1).  

• LNB installation on the 84” Hot Strip Mill Reheat Furnaces and Waste Heat Boilers are not cost-
effective, based on the associated cost-effectiveness values ($ per ton of emissions reduction). 
Furthermore, the additional capital and operating costs may negatively impact Gary Works’ 
ability to compete in the economic market (see Section 5.1.3).  

• Independent of the cost-effectiveness evaluation, which alone indicates that no additional 
emission control measures are necessary and appropriate, the additional NOX emission control 
measures and their associated NOX emission reductions are also not necessary and appropriate 
for Gary Works because: 

o The 5-year average visibility impairment on the most impaired days at the associated 
Class I areas of interest is already below (Mammoth Cave and Seney), or trending 
towards (Mingo), the 2028 URP (see Section 6.1),  

o The trajectory analysis demonstrates that Gary Works does not appreciably contribute to 
visibility impairment to the Class I areas on the most impaired days at the monitors (see 
Section 6.2), and  

o Thus, the NOx emission reduction associated with LNB installation on the 84” Hot Strip 
Mill Reheat Furnaces and Waste Heat Boilers does not justify the associated cost, as 
described in Section 5.1.3, because the emission control measure will not appreciably 
improve visibility in these Class I areas (see Section 5.1.7). 

• Therefore, the 84” Hot Strip Mill Reheat Furnaces and Waste Heat Boilers existing NOX emission 
performance are appropriate and sufficient for the IDEM’s regional haze reasonable progress 
goal (see Section 5.1.8).  

In addition to the four statutory factors, this analysis also considers the current visibility and the potential 
visibility benefits from installing additional emission control measures on the associated sources at the 
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facility. An analysis of current visibility conditions was completed at the three Class I areas closest to Gary 
Work’s facility (~500-570 km away): Mammoth Cave in Kentucky, Seney in northern Michigan and Mingo 
in Missouri. The analysis compared the current visibility conditions to the natural visibility goal, the 2028 
URP, and to the possible reasonable progress goals for the SIP. As shown in Section 6.1, the 5-year 
average visibility impairment on the most impaired days is already below (Mammoth Cave and Seney), or 
trending towards (Mingo), the 2028 URP. Thus, it is not necessary for Gary Works to install additional 
emission control measures to make reasonable progress at these distant Class I areas and, as shown 
below, any reductions in emissions at Gary Works will not appreciably improve visibility in these Class I 
areas.  

Furthermore, a reverse particle trajectory analysis was completed from these same Class I areas 
(Mammoth Cave, Mingo, and Seney) to determine how emissions from Gary Works could impact visibility 
in Class I areas on the 20% most impaired days. As shown in Section 6.1, the majority (97.5%) of the most 
impaired trajectories are not traveling from the general direction of Gary Works. Furthermore, most of the 
48-hour reverse trajectories end before reaching the Gary Works facility location, indicating that the 
nearest Class I areas are at a distance far enough away from the facility, and therefore Gary Works is not 
reasonably expected to contribute to visibility impairment at the Class I areas. This information generally 
demonstrates sources from other regions, and not Gary Works, are contributing to the visibility 
impairment on the most impaired days at the monitors. For example, the emissions are likely coming from 
other metropolitan areas such as Louisville, St. Louis, Indianapolis, Columbus, Cincinnati, and Nashville. As 
such, the installation of additional emission control measures at Gary Works would not improve visibility 
in these Class I areas on the most impaired days. 

Lastly, additional emission control measures could impact the economic viability of the company to 
continue to operate in competitive economic markets. Gary Works, as well as the entire integrated iron 
and steel mill industry, is highly sensitive to incremental capital and operating costs due to substantial 
fluctuation in global economic markets. Considering the current visibility progress and that Gary Works 
does not appreciably contribute to the associated visibility impairment at the pertinent Class I areas, any 
additional emission control measures that would be a substantial barrier for the facility to continue to 
operate would be unreasonable and inappropriate. 
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Table 1-1 Summary of NOX Four-Factor Analyses with Visibility Benefits Evaluations 

Reasonable Set of 
Emission Control 

Measures 

Factor #1 – 
Cost of 

Compliance 

Factor #2 – Time 
Necessary for 
Compliance 

Factor #3 – Energy 
and Non-Air Quality 

Environmental 
Impacts of 
Compliance  

Factor #4 – 
Remaining 

Useful Life of 
the Source Visibility Benefits  

Does this Analysis 
Support the Installation 
of this Emission Control 

Measure?  
No. 3 Sinter Plant Sinter Stands 
No reasonable set of 
NOX emission control 
measures beyond 
what is currently 
installed and 
operated. 

Not 
Applicable  

Not Applicable Not Applicable Not Applicable Not Applicable No – There is no 
reasonable set of NOX 
emission control 
measures beyond what is 
currently installed and 
operated. 

No. 14 Blast Furnace Stoves 
No reasonable set of 
NOX emission control 
measures beyond 
what is currently 
installed and 
operated. 

Not 
Applicable 

Not Applicable Not Applicable Not Applicable Not Applicable No – There is no 
reasonable set of NOX 
emission control 
measures beyond what is 
currently installed and 
operated. 

No. 14 Blast Furnace Casthouse 
No reasonable set of 
NOX emission control 
measures beyond 
what is currently 
installed and 
operated. 

Not 
Applicable 

Not Applicable Not Applicable Not Applicable Not Applicable No – There is no 
reasonable set of NOX 
emission control 
measures beyond what is 
currently installed and 
operated. 

84” Strip Mill Reheat Furnaces No. 1 through No. 4 
Low-NOX Burners 
(LNB) 

$14,100 per 
ton of NOX 
removed 

2-3 years after 
SIP 
promulgation.  

Negligible energy and 
non-air quality 
environmental impacts 

20-year control 
equipment life 

Emissions reductions 
at Gary Works would 
not improve visibility 
at Class I areas of 
interest on the most 
impaired days. 

No – LNB are not cost-
effective and would not 
improve the visibility at 
the associated Class I 
areas of interest on the 
most impaired days. 
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Reasonable Set of 
Emission Control 

Measures 

Factor #1 – 
Cost of 

Compliance 

Factor #2 – Time 
Necessary for 
Compliance 

Factor #3 – Energy 
and Non-Air Quality 

Environmental 
Impacts of 
Compliance  

Factor #4 – 
Remaining 

Useful Life of 
the Source Visibility Benefits  

Does this Analysis 
Support the Installation 
of this Emission Control 

Measure?  
Waste Heat Boiler No. 1 
Low-NOX Burners 
(LNB) 

$6,100 per ton 
of NOX 
removed 

2-3 years after 
SIP 
promulgation.  

Negligible energy and 
non-air quality 
environmental impacts 

20-year control 
equipment life 

Emissions reductions 
at Gary Works would 
not improve visibility 
at Class I areas of 
interest on the most 
impaired days. 

No – LNB are not cost-
effective and would not 
improve the visibility at 
the associated Class I 
areas of interest on the 
most impaired days. 

Waste Heat Boiler No. 2 
Low-NOX Burners 
(LNB) 

$6,300 per ton 
of NOX 
removed 

2-3 years after 
SIP 
promulgation.  

Negligible energy and 
non-air quality 
environmental impacts 

20-year control 
equipment life 

Emissions reductions 
at Gary Works would 
not improve visibility 
at Class I areas of 
interest on the most 
impaired days. 

No – LNB are not cost-
effective and would not 
improve the visibility at 
the associated Class I 
areas of interest on the 
most impaired days. 
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Table 1-2 Summary of SO2 Four-Factor Analyses with Visibility Benefits Evaluations 

Reasonable Set of 
Emission Control 

Measures 

Factor #1 – 
Cost of 

Compliance 

Factor #2 – Time 
Necessary for 
Compliance 

Factor #3 – Energy 
and Non-Air Quality 

Environmental 
Impacts of 
Compliance  

Factor #4 – 
Remaining 

Useful Life of 
the Source Visibility Benefits  

Does this Analysis 
Support the Installation 
of this Emission Control 

Measure?  
No. 3 Sinter Plant Sinter Stands 

No reasonable set of 
SO2 emission control 
measures beyond what 
is currently installed and 
operated. 

Not Applicable Not Applicable Not Applicable Not 
Applicable 

Not Applicable No – There is no 
reasonable set of SO2 
emission control 
measures beyond what is 
currently installed and 
operated. 

No. 14 Blast Furnace Stoves  

No reasonable set of 
SO2 emission control 
measures beyond what 
is currently installed and 
operated. 

Not Applicable Not Applicable Not Applicable Not 
Applicable 

Not Applicable No – There is no 
reasonable set of SO2 
emission control 
measures beyond what is 
currently installed and 
operated. 

No. 14 Blast Furnace Casthouse 

No reasonable set of 
SO2 emission control 
measures beyond what 
is currently installed and 
operated. 

Not Applicable Not Applicable Not Applicable Not 
Applicable 

Not Applicable No – There is no 
reasonable set of SO2 
emission control 
measures beyond what is 
currently installed and 
operated. 
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2 Introduction 
Section 2.1 discusses the RFI provided to Gary Works by IDEM, pertinent regulatory background and 
relevant information from the 2019 RH SIP Guidance. Section 2.2 provides a description of the emission 
units which IDEM identified in the RFI, and Section 2.3 presents the 20-year facility-wide NOX and SO2 

emissions data trends.  

2.1 Four-Factor Analysis Regulatory Background 
The RHR requires state regulatory agencies to submit a series of SIPs in ten-year increments to protect 
visibility in certain national parks and wilderness areas, known as mandatory Federal Class I areas. The 
original State SIPs were due on December 17, 2007 and included milestones for establishing reasonable 
progress towards the visibility improvement goals, with the ultimate goal to achieve natural background 
visibility by 2064. The initial SIP included best available retrofit technology (BART) analyses for all BART-
subject sources. The second RHR implementation period ends in 2028 and requires development and 
submittal of a comprehensive SIP update by July 31, 2021.  

As part of the SIP development process, IDEM sent an RFI to Gary Works on June 18, 2020. The RFI stated 
that data from the Interagency Monitoring of Protected Visual Environments (IMPROVE) monitoring site 
at Bondville, Illinois indicates that sulfates and nitrates continue to be the largest contributors to visibility 
impairment in Indiana. The primary precursors of sulfates and nitrates are emissions of SO2 and NOX that 
react with available ammonia. The RFI stated that IDEM’s source selection rankings identified iron and 
steel mills as one of the source categories for analysis of emission control measures based on rudimentary 
estimates of Q/d, or emissions divided by distance from the parks which do not account for 
meteorological conditions or other site-specific data. Based upon the rudimentary Q/d criterion that does 
not account for many factors, including meteorological data, IDEM requested that Gary Works submit a 
four-factor analysis evaluating potential emission control measures, pursuant to 40 CFR 51.308(f)(2)(i),3 by 
September 30, 2020 for the emission units identified in Table 2-1. 

 

3 The four statutory factors are 1) cost of compliance, 2) time necessary for compliance, 3) energy and non-air quality 
environmental impacts of compliance, and 4) remaining useful life of the source. 
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Table 2-1 Identified Emission Units 

Unit Unit ID Applicable Pollutants 
No. 3 Sinter Plant Sinter Strands ISS10379 NOX, SO2 

ISS30381 

No. 14 Blast Furnace Stoves IDST0359 NOX, SO2 

No. 14 Blast Furnace Casthouse IDBF0369 NOX, SO2 

Waste Heat Boiler No. 1 RB1B0508 NOX 

Waste Heat Boiler No. 2 RB2B0509 NOX 

Reheat Furnace No. 1 
(84” Hot Strip Mill Furnace) 

RMF10500 NOX 

Reheat Furnace No. 2 
(84” Hot Strip Mill Furnace) 

RMF20501 NOX 

Reheat Furnace No. 3 
(84” Hot Strip Mill Furnace) 

RMF30502 NOX 

Reheat Furnace No. 4 
(84” Hot Strip Mill Furnace) 

RMF40503 NOX 

 

This analysis addresses the four statutory factors which are laid out in 40 CFR 51.308(f)(2)(i) and explained 
in the 2019 RH SIP Guidance: 

1. cost of compliance 

2. time necessary for compliance 

3. energy and non-air quality environmental impacts of compliance 

4. remaining useful life of the source 

Additionally, this analysis evaluates the visibility benefits at the associated Class I areas from the 
installation of potential emission control measures, consistent with the 2019 RH SIP Guidance.  

2.1.1 Four-Factor Analysis Overview 
The following sections describe the approach that was used to determine the reasonable set of emission 
control measures and summarize the approach for the evaluation factors as detailed in the 2019 RH SIP 
guidance.  

2.1.1.1 Identifying Available Emission Control Measures 
The identification of emission control measures for NOX and SO2 are discussed in Sections 3.1, 3.2, 4.1, 4.2, 
and 5.1. The approach that was used to identify the emission control measures is described in 
Section 2.1.1.1.1 and Section 2.1.1.1.2. 
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2.1.1.1.1 Evaluating the Reasonable Set of Emission Control Measures 
The 2019 RH SIP Guidance states that the first step of the analysis is to identify the technically feasible 
control options.4 However, EPA recognizes that “there is no statutory or regulatory requirement to 
consider all technically feasible measures or any particular measures,”5 and states that “a range of 
technically feasible measures available to reduce emissions would be one way to justify a reasonable set.”6 
Emission control measures may include both physical and operational changes. Once all technically 
feasible emission control measures are identified, Gary Works justifies which emission control measures 
were considered against the four factors (reasonable set).  

In order to be considered technically feasible, an emission control measure must have been previously 
installed and operated successfully on a similar source under similar physical and operating conditions. 
Novel emission control measures that have not been demonstrated on full-scale industrial operations are 
not considered as part of this analysis. Instead, this evaluation focuses on commercially demonstrated 
control options on similar sources in iron and steel mills.  

For purposes of this analysis, Gary Works evaluated only those emission control measures that have the 
potential to achieve an overall pollutant reduction greater than the performance of the existing systems, 
including optimizations.  

The following tasks were completed to develop the reasonable set of emission control measures to be 
considered against the evaluation factors: 

1. Review the EPA’s Reasonably Available Control Technology (RACT), Best Available Control 
Technology (BACT), and Lowest Achievable Emission Rate (LAER) Clearinghouse (RBLC), which 
contains “case-specific information on the ‘Best Available’ air pollution technologies that have 
been required to reduce the emission of air pollutants from stationary sources.” The RBLC 
provided limited and dated information; the most recent pertinent information was provided in 
the BACT evaluation for Nucor Steel Louisiana7 (2010 Nucor BACT). A summary of the RBLC data 
reviewed is provided in Appendix A. 

2. Review air permits for similar sources to identify emission control measures and emission limits, 
which are being used in practice; a comparison of air permits from similar facilities is provided in 
Appendix B. 

 

4 US EPA, “Guidance on Regional Haze State Implementation Plans for the Second Implementation Period,” August 20, 
2019, EPA-457/B-19-003., Page 28. 

5 Ibid, Page 29. 

6 Ibid. 

7 Consolidated Environmental Management Inc – Nucor Steel Louisiana, Best Available Control Technology Analyses, 
March 1, 2010, PSD-LA-740. 
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3. Review the 2010 Nucor BACT8 analysis, which provides additional detail regarding specific control 
technologies that were considered technically feasible and descriptions of why certain 
technologies were not considered technically feasible. 

4. Select the reasonable set of emission control measures, by process operation and by pollutant, 
that are most likely to be considered technically feasible; the reasonable set was selected based 
on the frequency of installation as identified in the RBLC, the air permits that were reviewed, and 
the technical discussion provided in the 2010 Nucor BACT. 

In addition to the literature review, Barr interviewed process engineers from the affected areas of the Gary 
Works facility (i.e., sinter plant, blast furnace, and hot strip mill) to review potential emission control 
measures, discuss technical feasibility, and compare the physical configuration of existing equipment to 
that required for additional emission control measures.  

This approach to establish the reasonable set of emission control measures is appropriate and justified 
because: 

1. It is consistent with the 2019 RH guidance (see the discussion above), and 
2. The current visibility status does not warrant a more stringent emission control measure selection 

approach because:  
a. The 5-year average visibility impairment on the most impaired days at the associated 

Class I areas of interest is already below (Mammoth Cave and Seney), or trending towards 
(Mingo), the 2028 URP (see Section 6.1),  

b. The trajectory analysis demonstrates that sources from other regions, and not Gary 
Works, are contributing to the visibility on the most impaired days at the monitors (see 
Section 6.2), and  

c. Because Gary Works does not appreciably contribute to visibility impairment of the Class I 
areas, the installation of additional emission control measures at Gary Works will not 
appreciably improve visibility in the associated Class I areas on the most impaired days 
(see Section 6.2).  

2.1.1.1.2 Evaluating Effective Emission Control Technology 
The 2019 RH SIP Guidance identified eight example scenarios and described the associated rationale for 
when sources should be considered to already have effective emission control technology in place and, 
therefore, states could exclude these sources from needing to complete a four-factor analysis.9 The 
Guidance includes a list of eight potential scenarios for which EPA believes the source could be 

 

8 On page 23 of the 2019 RH SIP Guidance, EPA recognized that the “statutory considerations for selection of BACT 
and LAER are also similar to, if not more stringent than, the four statutory factors for reasonable progress.”  

9 US EPA, “Guidance on Regional Haze State Implementation Plans for the Second Implementation Period,” August 20, 
2019, EPA-457/B-19-003., Page 22. 



 

 

 
 5  

 

considered effectively controlled. In addition, EPA clarified that the associated scenarios are not an 
exhaustive list; they are merely to illustrate examples for the state to consider.10 
 
One of the example scenarios of a source which has effective emission control technology is for sources 
that underwent a BACT or Lowest Achievable Emission Rate (LAER) analysis for visibility impairing 
pollutants (SO2 and NOX) after July 31, 2013. EPA notes that the BACT and LAER control equipment review 
methodologies are “similar to, if not more stringent than, the four statutory factors for reasonable 
progress.”11  
 
Barr assumes that states could justify that a source has effective controls with a BACT or LAER 
determination from before July 31, 2013, if the current control measures are equivalent or sufficiently 
similar to the control measures for similar sources that did undergo a BACT or LAER review.  
 
2.1.1.2 Factor 1 – Cost of Compliance 
Factor #1 considers and estimates, as needed, the capital and annual operating and maintenance (O&M) 
costs of the emission control measure. As directed by the 2019 RH SIP Guidance at page 31, costs of 
emission control measures follow the accounting principles and generic factors from the EPA Air Pollution 
Control Cost Manual (EPA Control Cost Manual) 12 unless more refined site-specific estimates are 
available. Under this step, the annualized cost of installation and operation on a dollars per ton of 
pollutant removed ($/ton) of the emission control measure, referred to as “average cost effectiveness,” is 
compared to a cost-effectiveness threshold that is relative to the expected visibility improvements. As 
stated in the 2019 RH SIP Guidance, the “balance between the cost of compliance and the visibility 
benefits will be an important consideration in a state’s decisions.”13  

Generally, if the average cost-effectiveness is greater than the threshold and/or there is no expected 
visibility improvement, the cost is considered to not be reasonable, pending an evaluation of other 
factors. Conversely, if the average cost-effectiveness is less than the threshold and visibility improvements 
are expected, then the cost is considered reasonable for purposes of Factor #1, pending an evaluation of 
whether the absolute cost of control (i.e., costs in absolute dollars, not normalized to $/ton) is 
unreasonable. This situation is particularly applicable to a source with existing emission control measures 

 

10 Ibid, Page 23. 

11 Ibid. 

12 US EPA, “EPA Air Pollution Control Cost Manual, Sixth Edition,” January 2002, EPA/452/B-02-001. The EPA has 
updated certain sections and chapters of the manual since January 2002. These individual sections and chapters may 
be accessed at https://www.epa.gov/economic-and-cost-analysis-air-pollution-regulations/cost-reports-and-
guidance-air-pollution as of the date of this report. 

13 US EPA, “Guidance on Regional Haze State Implementation Plans for the Second Implementation Period,” 
August 20, 2019, Page 37. 

https://www.epa.gov/economic-and-cost-analysis-air-pollution-regulations/cost-reports-and-guidance-air-pollution
https://www.epa.gov/economic-and-cost-analysis-air-pollution-regulations/cost-reports-and-guidance-air-pollution
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with an intermediate or high degree of effectiveness, as is the case for the No. 3 Sinter Plant Sinter 
Strands due to their existing SO2 emission control measures (see Section 2.2.1 for additional information). 

The cost of an emission control measure is derived using capital and annual O&M costs. Capital costs 
generally refer to the money required to design and build the system. This includes direct costs, such as 
equipment purchases and installation costs. Indirect costs, such as engineering and construction field 
expenses and lost revenue due to additional unit downtime in order to install the additional emission 
control measure(s), are considered as part of the capital calculation. Annual O&M costs include labor, 
supplies, utilities, etc., as used to determine the annualized cost in the numerator of the cost-effectiveness 
value. The denominator of the cost-effectiveness value (tons of pollutant removed) is derived as the 
difference in: 1) projected emissions using the current emission control measures (baseline emissions), in 
tons per year (tpy), and 2) expected annual emissions performance through the installation of the 
additional emission control measure (controlled emissions), also in tpy.  

There is not an applicable and appropriate cost-effectiveness threshold because installation of additional 
emission control measures at Gary Works would not improve visibility at the associated Class I areas (as 
described in Section 6). 

2.1.1.3 Factor 2 – Time Necessary for Compliance 
Factor #2 considers the time needed for Gary Works to comply with potential emission control measures. 
This includes the planning, designing, installing, and commissioning of the selected control based on 
experiences with similar sources and source-specific factors.  

For purposes of this analysis and if a given NOX or SO2 emission control measure requires a unit outage as 
part of its installation, Gary Works considers the forecasted outage schedule for the associated units in 
conjunction with the expected timeframe for engineering and equipment procurement following any 
necessary permitting through IDEM and EPA for the given emission control measure.  

2.1.1.4 Factor 3 – Energy and Non-Air Quality Environmental Impacts of Compliance 
Factor #3 considers the energy and non-air environmental impacts of each emission control measure. 
Energy impacts to be considered are the direct energy consumed at the source, in terms of kilowatt-hours 
or mass of fuels used. Non-air quality impacts may include solid or hazardous waste generation, 
wastewater discharges from a control device, increased water consumption, and land use. The analysis is 
conducted based on the consideration of site-specific circumstances. 

2.1.1.5 Factor 4 – Remaining Useful Life of the Source 
Factor #4 considers the remaining useful life of the source, which is the difference between the date that 
additional emission control measures will be put in place and the date that the facility permanently ceases 
operation. Generally, the remaining useful life of the source is assumed to be longer than the useful life of 
the emission control measure unless the source is under an enforceable requirement to cease operation. 
In the presence of an enforceable end date, the cost calculation can use a shorter period to amortize the 
capital cost. 
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For the purpose of this evaluation, the remaining useful life for the units is assumed to be longer than the 
useful life of the additional emission control measures. Therefore, the expected useful life of the emission 
control measure is used to calculate the emissions reductions, amortized costs, and the resulting cost per 
ton removed. 

2.1.1.6 Visibility Benefits 
In addition to the four statutory factors, this analysis considers the potential visibility benefits from 
installing additional emission reduction measures at the source. The 2019 RH SIP Guidance states that 
“visibility benefits may again be considered in that control analysis to inform the determination of 
whether it is reasonable to require a certain measure.”14  

For the purpose of this evaluation, additional emission control measures would be inappropriate and 
unnecessary to make reasonable progress at the associated Class I areas if any of the following conditions 
are satisfied: 

1. The current visibility conditions are already below (Mammoth Cave and Seney), or trending 
towards (Mingo), the 2028 URP, 

2. The facility is shown not to appreciably impact the associated Class I areas on the most impaired 
days at the associated Class I areas, or  

3. The additional emission control measure does not provide sufficient incremental visibility benefits 
to justify the other four factors (cost, time to implement, energy and non-air quality 
environmental impacts, and remaining useful life).  

2.2 Affected Emission Unit Description and Existing Emission Control 
Measures 

Gary Works is an integrated iron and steel mill located in Gary, Indiana. Operations include raw material 
handling, sintering, ironmaking, steelmaking, and manufacturing of steel slabs, hot rolled, cold rolled, and 
tin mill products, as well as on-site utility generation. The three emission unit groups addressed in IDEM’s 
RFI are described below. 

2.2.1 No. 3 Sinter Plant Sinter Strands 
The No. 3 Sinter Plant agglomerates iron bearing and other materials from various sources to create a raw 
material feedstock for the blast furnaces that supplements iron ore pellets. The sinter feedstock is 
thoroughly blended and combusted on each sinter strand by drawing air through the sintered material 
and into the windboxes. The windboxes exhaust fumes through the two existing control trains which 
control particulate matter (PM) and SO2 emissions. Each train consists of reheat burners, cyclones, a 

 

14 US EPA, “Guidance on Regional Haze State Implementation Plans for the Second Implementation Period,” 
August 20, 2019, Page 34. 
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quench reactor, a dry venturi scrubber, and a baghouse. Sintered material is then cooled, sized, and 
screened, so that on-spec material is sent to the blast furnaces.  

Along the traveling grate, the iron ore fines, coke breeze, and other materials are ignited with natural gas 
burners. The NOx emissions are generated from the associated combustion of the coke and natural gas 
and the combustion of natural gas at the reheat burners. The No. 3 Sinter Plant Sinter Strands follow good 
combustion practices. 

The No. 3 Sinter Plant Sinter Strands generate SO2 emissions through oxidation of sulfur compounds 
present in the raw materials (iron ore, coke, etc.) and natural gas fuel. Figure 2-1 presents a simplified 
version of the existing emission control measures for the No. 3 Sinter Plant windbox exhaust. The exhaust 
treatment reduces PM and SO2 emissions.  

 

Figure 2-1 No. 3 Sinter Plant Windbox Exhaust Treatment 

The exhaust gas from the sinter windbox is processed through five main stages before exiting the stack. 
First, the exhaust gas passes through reheat burners ensure that the temperature remains above the acid 
dew point to help prevent corrosion in downstream control equipment and to prepare the gas for 
downstream contact with the soda ash solution. The cyclones remove fine PM from the exhaust gas 
stream. The quench reactor sprays a soda ash solution to cool the hot exhaust gas stream and to react 
with and absorb SO2. The dry venturi scrubber with dry limestone addition allows for further removal of 
the SO2 through reaction with the limestone. Finally, the exhaust gas (also containing any excess dry 
limestone as well as dry reaction products) is processed through a baghouse to reduce PM before 
ultimately being discharged to the atmosphere from the stack. 
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The original control system, an electrodynamic venturi scrubber, was replaced in 1996. After startup, the 

facility worked to optimize the design and performance of the system through 2003 in order to achieve 

significant emission reductions over the previous technology.  

2.2.2 No. 14 Blast Furnace (Stoves and Casthouse) 

The blast furnace combines coke, limestone, sinter, iron ore pellets, and other iron sources with high heat 

to produce pig iron and slag. To produce this high amount of heat, hot air must be injected into the blast 

furnace to ignite the added coke. This hot air is produced in the blast furnace stoves, which fire blast 

furnace gas and supplemental natural gas to heat fresh air for injection. The blast furnace is also able to 

inject pulverized coal and natural gas. Blast furnace gas is the partially combusted, CO-rich gas that is 

produced within the blast furnace itself. This gas has a low but beneficial heating value and is cleaned for 

PM via the integrated scrubbing system prior to combustion as a fuel source to reduce consumption of 

natural resources and improve energy efficiency.  

Once the pig iron and slag are produced in the No. 14 Blast Furnace, they flow through a series of troughs 

which empty the molten iron into a submarine car for transfer and empty the slag into the adjacent slag 

pit or slag granulation facility. 

The No. 14 Blast Furnace Stoves resulting NOX emissions are generated from primarily firing BFG and 

supplemental natural gas (to maintain flame temperature) to heat fresh air for injection. BFG is considered 

a low-NOX fuel because it generates less than half of the NOX per unit of energy as natural gas. BFG burns 

at a cooler temperature, which prevents the majority of thermal NOX formation when compared to natural 

gas combustion. Therefore, the use of BFG in the No. 14 Blast Furnace Stoves is an existing NOX emission 

control measure.  

The NOx emissions from the No. 14 Blast Furnace Casthouse are not significant (28.98 ton NOX per year in 

2019). The NOX emissions may be released during the casting process and are fugitive in nature (i.e., not 

emitted from a stack).  

The No. 14 Blast Furnace Stoves generate SO2 emissions through oxidation of sulfur compounds present 

in the fuel (blast furnace gas and natural gas). Blast furnace gas and natural gas are considered low sulfur 

fuels compared to other solid and liquid fuels and are utilized as SO2 emission control measures.  

The No. 14 Blast Furnace Casthouse’s molten iron and slag streams contain sulfur and sulfur compounds 

that form SO2 upon contacting air during the casting process and are fugitive in nature (i.e., not emitted 

from a stack).  

2.2.3 84” Hot Strip Mill Reheat Furnaces and Waste Heat Boilers 

The 84” Hot Strip Mill Reheat Furnaces are used to heat incoming steel slabs to working temperatures to 

be rolled into steel coils. These reheat furnaces fire natural gas and route their exhausts towards the waste 

boilers to recoup thermal energy.  
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The No. 1 and No. 2 Waste Heat Boilers produce utility steam for use throughout the Gary Works facility. 
The boilers are natural gas-fired, but also make use of hot exhaust from the stacks of the 84” Hot Strip 
Mill Reheat Furnaces to reduce heating input requirements. These boilers increase efficiency by using 
recouped heat from the reheat furnaces. 

The 84” Hot Strip Mill Reheat Furnaces and Waste Heat Boilers generate NOX emissions from natural gas 
combustion. The units implement good combustion practices as a NOX emission control measure. In 
addition, the 84” Hot Strip Mill Reheat Furnaces operate John Zink Hamworthy’s ZoloSCAN technology, 
which is a laser-based combustion diagnostic system, that allows for better process control (temperature, 
O2, CO and water) and results in actual NOX emission reductions from fuel savings and minimizing excess 
air.15  

2.3 20-year Facility-wide NOX and SO2 Emission Trends 
The goal of the RHR is to improve the visibility at Class I areas of interest through visibility-impairing 
pollutant emission reductions. Independent of any RHR requirements, Gary Works has achieved 
substantial facility-wide NOX and SO2 emission reductions in the last twenty years as a result of extensive 
projects, including the installation of SO2 emission control measures on the No. 3 Sinter Plant Sinter 
Strand and shutting down three Coke Battery units. Figure 2-2 presents the facility-wide NOX and SO2 
emissions from 2000 to 2019. Since Gary Works has already reduced facility-wide NOX and SO2 emissions 
by 58% from 2000 (2000 = 11,557 tons/year NOX and SO2, 2019 = 4,887 tons/year NOX and SO2), 
additional emission control measures are imprudent and unnecessary to achieve the Regional Haze goal 
when considered in conjunction with the current visibility trends (see Section 6.1) and the visibility impacts 
at the associated Class I areas from Gary Works (see Section 6.2). 

 

15 https://www.johnzinkhamworthy.com/wp-content/uploads/steel-reheat-combustion-monitoring.pdf 

https://www.johnzinkhamworthy.com/wp-content/uploads/steel-reheat-combustion-monitoring.pdf
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Figure 2-2 Facility-wide NOX and SO2 Emissions from 2000 to 2019 
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3 No. 3 Sinter Plant Sinter Strands 
The following sections describe the analysis for NOX and SO2 emission control measures for the No. 3 
Sinter Plant Sinter Strands.  

3.1 Four-Factor Analysis – NOX 
The following sections describe the four-factor analysis with visibility benefits evaluation for determining 
the reasonable set of NOX emission control measures (Section 3.1.1), the evaluation factors (Sections 3.1.3 
through 3.1.7), and the proposed emission control measures (Section 3.1.8) for No. 3 Sinter Plant Sinter 
Strands. 

3.1.1 NOX Emission Control Measures 
Table 3-1 presents NOX emission control measures for sinter plants at similar sources, as represented in 
the RBLC (Appendix A) and their respective air permits (Appendix B).  

Table 3-1 Sinter Plant NOX Emission Control Measures at Similar Sources 

Facility 
Emission Unit 
Description 

NOX Emission Control 
Measure(s) 

ArcelorMittal Indiana 
Harbor East 

Sinter Plant None 

ArcelorMittal Indiana 
Harbor West(1) 

Sinter Plant None 

ArcelorMittal Burns 
Harbor 

Continuous Sintering 
Process Plant 

None 

Nucor St. James(2)  
(2010 Nucor BACT) 

Sinter Plant None 

(1) The sinter plant at ArcelorMittal Indiana Harbor West is no longer included in the facility’s 
most recently issued Title V permit. 

(2) The sinter plant at Nucor St. James has not been constructed. 

There are no additional NOX emission control measures based on the 2010 Nucor BACT and emission 
control measures described in the RBLC (Appendix A) and air permits for similar sources (Appendix B). As 
such, the No. 3 Sinter Plant Sinter Strands have no reasonable set of NOX emission control measures 
beyond what is currently installed and operated for these emission units. Furthermore, the existing NOX 
emission control measures are equivalent to those determined to be BACT in the 2010 Nucor BACT and, 
therefore, are considered effective emission controls.  

3.1.2 Baseline Emission Rates  
Since the four-factor analysis concluded the No. 3 Sinter Plant Sinter Strands have no reasonable set of 
NOX emission control measures beyond what is currently installed and operated for these emission units, 
it is not necessary to represent a projected 2028 emissions scenario. 
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3.1.3 Factor 1 – Cost of Compliance 
Since the four-factor analysis concluded the No. 3 Sinter Plant Sinter Strands have no reasonable set of 
NOX emission control measures beyond what is currently installed and operated for these emission units, 
it is not appropriate to estimate the cost of compliance for additional NOX emission control measures. 
Even in the circumstance where there was an emission control measure identified as part of the 
reasonable set, the associated emission control measure’s cost-effectiveness would not be reasonable 
because the emission reduction technology would not impact visibility at the associated Class I areas (see 
Section 6). 

3.1.4 Factor 2 – Time Necessary for Compliance  
Since the four-factor analysis concluded the No. 3 Sinter Plant Sinter Strands have no reasonable set of 
NOX emission control measures beyond what is currently installed and operated for these emission units, 
it is not appropriate to describe the time that is necessary to achieve compliance for additional NOX 
emission control measures.  

3.1.5 Factor 3 – Energy and Non-Air Quality Environmental Impacts of 
Compliance  

Since the four-factor analysis concluded the No. 3 Sinter Plant Sinter Strands have no reasonable set of 
NOX emission control measures beyond what is currently installed and operated for these emission units, 
it is not appropriate to describe the energy and non-air quality environmental impacts for additional NOX 
emission control measures.  

3.1.6 Factor 4 – Remaining Useful Life of the Source 
Since the four-factor analysis concluded the No. 3 Sinter Plant Sinter Strands have no reasonable set of 
NOX emission control measures beyond what is currently installed and operated for these emission units, 
it is not appropriate to describe the remaining useful life of the source.  

3.1.7 Visibility Benefits 
Since the four-factor analysis concluded the No. 3 Sinter Plant Sinter Strands have no reasonable set of 
NOX emission control measures beyond what is currently installed and operated for these emission units, 
it is not appropriate to describe the potential visibility benefits for additional NOX emission control 
measures. However, as described in Section 6, additional NOX emission reductions are not appropriate 
and are unnecessary for Gary Works because: 

1. The 5-year average visibility impairment on the most impaired days at the associated Class I areas 
of interest is already below (Mammoth Cave and Seney), or trending towards (Mingo), the 2028 
URP (see Section 6.1),  

2. The trajectory analysis demonstrates that Gary Works does not appreciably contribute to visibility 
impairment to the Class I areas on the most impaired days at the monitors (see Section 6.2), and  

3. Any installation of additional emission control measures at Gary Works will not appreciably 
improve visibility in these Class I areas (see Section 6.2).  
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3.1.8 Proposed NOX Emission Control Measures 
The four-factor analysis with visibility benefits evaluation concluded that additional NOX emission control 
measures at the No. 3 Sinter Plant Sinter Strands beyond those described in Section 2.2.1 are not required 
to make reasonable progress in reducing NOX emissions. As such, Gary Works proposes to maintain the 
existing NOX emission control measures.  

3.2 Four-Factor Analysis – SO2 
The following sections describe the four-factor analysis with visibility benefits evaluation for determining 
the reasonable set of SO2 emission control measures (Section 3.2.1), the evaluation factors (Sections 3.2.3 
through 3.2.7), and the proposed emission control measures (Section 3.2.8) for No. 3 Sinter Plant Sinter 
Strands. 

3.2.1 SO2 Emission Control Measures 
As described in Section 2.2.1, the No. 3 Sinter Plant Sinter Strand already utilizes a windbox exhaust 
treatment system, including a quench reactor and dry lime scrubber, as post-combustion SO2 emission 
control measures. Table 3-2 presents SO2 emission control measures for sinter plants at similar sources, as 
represented in the RBLC (Appendix A) and their respective air permits (Appendix B). 

Table 3-2 Sinter Plant SO2 Emission Control Measures at Similar Sources 

Facility 
Emission Unit 
Description 

SO2 Emission Control 
Measure(s) 

ArcelorMittal Indiana 
Harbor East 

Sinter Plant None 

ArcelorMittal Indiana 
Harbor West(1) 

Sinter Plant Wet venturi scrubbers 

ArcelorMittal Burns 
Harbor 

Continuous Sintering 
Process Plant 

Venturi scrubber 

Nucor St. James(2)  
(2010 Nucor BACT) 

Sinter Plant Lime spray dry scrubber 
Dry sorbent injection(3) 

(1) The sinter plant at ArcelorMittal Indiana Harbor West is no longer included in the facility’s 
most recently issued Title V permit. 

(2) The sinter plant at Nucor St. James has not been constructed. 
(3) The 2010 Nucor BACT identified dry sorbent injection as technically feasible but was listed 

as a lower control efficiency than a lime spray dry scrubber. 

A wet scrubber system has functionally equivalent SO2 control performance compared to the existing 
quench reactor with dry-lime scrubber at Gary Works’ sinter plant; therefore, a wet scrubber system does 
not represent additional SO2 emission reduction potential compared to the existing system. A wet 
scrubber system is not evaluated further. 

There are no additional SO2 emission control measures because the existing SO2 emission control 
measures represent the best SO2 emission reduction potential based on the 2010 Nucor BACT and 
emission control measures described in the RBLC (Appendix A) and air permits for similar sources 
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(Appendix B). As such, the No. 3 Sinter Plant Sinter Strands have no reasonable set of SO2 emission 
control measures. Furthermore, the existing SO2 emission control measures are equivalent to those 
determined to be BACT in the 2010 Nucor BACT and, therefore, are considered effective emission 
controls.  

3.2.2 Baseline Emission Rates  
Since the four-factor analysis concluded the No. 3 Sinter Plant Sinter Strands have no reasonable set of 
SO2 emission control measures beyond what is currently installed and operated for these emission units, it 
is not necessary to represent a projected 2028 emissions scenario. 

3.2.3 Factor 1 – Cost of Compliance 
Since the four-factor analysis concluded the No. 3 Sinter Plant Sinter Strands have no reasonable set of 
SO2 emission control measures beyond what is currently installed and operated for these emission units, it 
is not appropriate to estimate the cost of compliance for additional SO2 emission control measures. Even 
in the circumstance where there was an emission control measure identified as part of the reasonable set, 
the associated emission control measure’s cost-effectiveness would not be reasonable because the 
emission reduction technology would not impact visibility at the associated Class I areas (see Section 6). 

3.2.4 Factor 2 – Time Necessary for Compliance  
Since the four-factor analysis concluded the No. 3 Sinter Plant Sinter Strands have no reasonable set of 
SO2 emission control measures beyond what is currently installed and operated for these emission units, it 
is not appropriate to describe the time that is necessary to achieve compliance for additional SO2 
emission control measures.  

3.2.5 Factor 3 – Energy and Non-Air Quality Environmental Impacts of 
Compliance  

Since the four-factor analysis concluded the No. 3 Sinter Plant Sinter Strands have no reasonable set of 
SO2 emission control measures beyond what is currently installed and operated for these emission units, it 
is not appropriate to describe the energy and non-air quality environmental impacts for additional SO2 
emission control measures.  

3.2.6 Factor 4 – Remaining Useful Life of the Source 
Since the four-factor analysis concluded the No. 3 Sinter Plant Sinter Strands have no reasonable set of 
SO2 emission control measures beyond what is currently installed and operated for these emission units, it 
is not appropriate to describe the remaining useful life of the source.  

3.2.7 Visibility Benefits 
Since the four-factor analysis concluded the No. 3 Sinter Plant Sinter Strands have no reasonable set of 
SO2 emission control measures beyond what is currently installed and operated for these emission units, it 
is not appropriate to describe the potential visibility benefits for additional SO2 emission control 
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measures. However, as described in Section 6, additional SO2 emission reductions are not appropriate and 
are unnecessary for Gary Works because: 

1. The 5-year average visibility impairment on the most impaired days at the associated Class I areas 
of interest is already below (Mammoth Cave and Seney), or trending towards (Mingo), the 2028 
URP (see Section 6.1),  

2. The trajectory analysis demonstrates that Gary Works does not appreciably contribute to visibility 
impairment to the Class I areas on the most impaired days at the monitors (see Section 6.2), and  

3. Any installation of additional emission control measures at Gary Works will not appreciably 
improve visibility in these Class I areas (see Section 6.2).  

3.2.8 Proposed SO2 Emission Control Measures 
The four-factor analysis with visibility benefits evaluation concluded that additional SO2 emission control 
measures at the No. 3 Sinter Plant Sinter Strands beyond those described in Section 2.2.1 are not required 
to make reasonable progress in reducing SO2 emissions. As such, Gary Works proposes to maintain the 
existing SO2 emission control measures. 
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4 No. 14 Blast Furnace (Stoves and Casthouse) 
The following sections describe the analysis for NOX and SO2 emission control measures for the No. 14 
Blast Furnace Stoves and Casthouse.  

4.1 Four-Factor Analysis – NOX  
The following sections describe the four-factor analysis with visibility benefits evaluation for determining 
the reasonable set of NOX emission control measures (Section 4.1.1), the evaluation factors (Sections 4.1.3 
through 4.1.7), and the proposed emission control measures (Section 4.1.8) for the No. 14 Blast Furnace 
Stoves and Casthouse. 

4.1.1 NOX Emission Control Measures 
4.1.1.1 No. 14 Blast Furnace Stoves 
As described in Section 2.2.2, the No. 14 Blast Furnace Stoves already utilize low-NOX fuel combustion 
(blast furnace gas) as a NOX emission control measure. Table 4-1 presents NOX emission control measures 
for blast furnace stoves at similar sources, as represented in the RBLC (Appendix A) and their respective air 
permits (Appendix B). 
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Table 4-1 Blast Furnace Stoves NOX Emission Control Measures at Similar Sources 

Facility Emission Unit Description Allowed Fuels 
NOX Emission 

Control Measure(s) 
ArcelorMittal Indiana 
Harbor East 

No. 7 Blast Furnace Stoves Pulverized Coal  
Natural Gas  
Blast Furnace Gas 

None 

ArcelorMittal Indiana 
Harbor West 

No. 3 Blast Furnace Stoves Not listed None 

No. 4 Blast Furnace Stoves 

ArcelorMittal Burns 
Harbor 

C Blast Furnace Not listed None 

D Blast Furnace 

AK Steel Dearborn EUBFURNACE, group of four stoves Natural gas 
Blast furnace gas 

LNB 

EUCFURNACE, group of four stoves 

AK Steel Middletown No. 3 Blast Furnace Not listed None 

ArcelorMittal Cleveland Blast Furnace C5 Not listed None 

Blast Furnace C6 

U. S. Steel Edgar 
Thompson 

Blast Furnace No. 1 Stoves Blast furnace gas 
Coke oven gas 
Natural gas 

None 

Blast Furnace No. 3 Stoves 

Nucor St. James(1)  
(2010 Nucor BACT) 

Blast Furnace 1 Natural gas 
Blast furnace gas 

Low-NOX fuel 
combustion(2) Blast Furnace 2 

(1) The emission units at Nucor St. James have not been constructed. 
(2) Nucor St. James identified BACT as low-NOX fuel combustion through firing blast furnace gas and thus it is explicitly 

referenced in their permit. However, their operations are not materially different from others in the industry; it is standard 
operating practice to fire low-NOX fuel (blast furnace gas) in blast furnace stoves. 

The AK Dearborn B and C Furnaces have LNB installed as part of a 2014 Prevention of Significant 
Deterioration (PSD) Permit. Although LNB are technically feasible to install on blast furnace stoves, it is not 
clear whether LNB offer any additional emission reduction potential compared to the existing NOX 
emission control measures (blast furnace gas – low-NOX fuel). EPA stated the following in a document 
titled “Alternative Control Techniques Document -- NOX Emissions From Iron and Steel Mills” (EPA’s 
Alternative Control Techniques Document)16: 

“[…] the primary fuel is BFG, which is largely CO, has a low heating value, and contains inerts, 
factors that reduce flame temperature. Thus, the NOX concentration in blast furnace stove flue gas 
tends to be low and the potential for NOx reduction is considered to be small.”  

It is important to note that Gary Works historically represented the actual NOX emissions generated from 
the supplement natural gas combustion at the Blast Furnace Stoves based on a conservatively high AP-42 

 

16 EPA, “Alternative Control Techniques Document – NOX Emissions from Iron and Steel Mills” (EPA-453/R-94-065), 
1994, Page 5-22 
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uncontrolled pre-New Source Performance Standard (NSPS) natural gas boiler emission factor 
(280 lb/MMscf or 0.275 lb/MMBtu).17 Since the natural gas is fired as a supplement to the blast furnace 
gas to meet operating temperatures, the associated AP-42 natural gas emission factor value over-
represents thermal NOX formation because the flame temperatures are less than what would be achieved 
when firing natural gas exclusively (i.e., basis for the AP-42 emission factor). In Table 4-4 of EPA’s 
Alternative Control Techniques Document, EPA represented the average uncontrolled blast furnace NOX 
emission factor as 0.021 lb/MMBtu with a range from 0.002 lb/MMBtu to 0.057 lb/MMBtu. The associated 
NOX emission performance is consistent with the range that would be expected from LNB and 
corroborates EPA’s conclusion that the “potential for NOX reduction is considered to be small.”  

Additionally, the Briefing Sheet accompanying the 2010 Nucor Permit to Construct (PSD-LA-740) stated 
that LNB was eliminated as technically infeasible for the following rationale: 

“Low NOX burners limit the formation of NOX by staging the addition of air to create a longer, cooler 
flame. The combustion of BFG in the hot blast stoves requires the supplement of a small amount of 
natural gas in order to maintain flame stability and prevent flame-outs of the burners. The use of 
low NOX burners would attempt to stage fuel gas at the limits of combustibility and would prevent 
the operation of the hot blast stoves. Thus, low NOX burners are not a feasible control technology for 
the hot blast stoves.”18 

Since LNB represent a negligible or potentially small emission reduction potential, compared to the 
current NOX emission control measures, and have the potential operational challenges, LNB are not 
considered as part of the reasonable set of NOX emission control measures for the No. 14 Blast Furnace 
Stoves and are not evaluated further in this analysis.  

The No. 14 Blast Furnace Stoves have no reasonable set of NOX emission control measures beyond what is 
currently installed and operated for these emission units based on the 2010 Nucor BACT, emission control 
measures described in the RBLC (Appendix A) and air permits for similar sources (Appendix B). 
Furthermore, the existing NOX emission control measures are equivalent to those determined to be BACT 
in the 2010 Nucor BACT evaluation and determination; and, therefore, are considered effective emission 
controls.  

4.1.1.2 No. 14 Blast Furnace Casthouse 
Table 4-2 presents NOX emission control measures for blast furnace casthouses at similar sources, as 
represented in the RBLC (Appendix A) and their respective air permits (Appendix B). 

 

17 AP-42 Section 1.4 “Natural Gas Combustion” Table 1.4-1, U. S. Environmental Protection Agency, 1998. 

18 Louisiana Department of Environmental Quality, Nucor Steel Permit to Construct (PSD-LA-740) Briefing Sheet, 2010, 
Page 23. 
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Table 4-2 Blast Furnace Casthouse NOX Emission Control Measures at Similar Sources 

Facility Emission Unit Description 
NOX Emission Control 

Measure(s) 
ArcelorMittal Indiana Harbor East No. 7 Blast Furnace Casthouse None 

ArcelorMittal Indiana Harbor West No. 3 Blast Furnace Casthouse None 

No. 4 Blast Furnace Casthouse 

ArcelorMittal Burns Harbor C Blast Furnace East and West Casthouses None 

D Blast Furnace East and West Casthouses 

AK Steel Dearborn EUBFURNACE Casthouses None 

EUCFURNACE Casthouses 

AK Steel Middletown No. 3 Blast Furnace Casthouse None 

ArcelorMittal Cleveland Blast Furnace C5 Casthouse None 

Blast Furnace C6 Casthouse 

U. S. Steel Edgar Thompson Blast Furnace No. 1 Casthouse None 

Blast Furnace No. 3 Casthouse 
 

The 2010 Nucor BACT analysis did not evaluate NOX emission control measures because Nucor Steel 
Louisiana did not estimate NOX emissions for the casthouse in the associated permit application. 
However, the 2010 Nucor BACT stated that there are no feasible SO2 emission control measures because 
of the corresponding low SO2 concentration (~4 ppm SO2) and high exhaust flow rate. Gary Works’ NOX 
emissions estimates are significantly less than the SO2 emissions estimates (28.98 tpy NOX vs. 579.64 tpy 
SO2 in 2019); therefore, the corresponding NOX concentrations would be comparatively lower and outside 
the effective range for any add-on NOX emission control measures.  

There are no additional NOX emission control measures based on the 2010 Nucor BACT, emission control 
measures described in the RBLC (Appendix A) and air permits for similar sources (Appendix B). As such, 
the No. 14 Blast Furnace Casthouse has no reasonable set of NOX emission control measures beyond what 
is currently installed and operated for these emission units. Furthermore, the existing NOX emission 
control measures are equivalent to those determined to be BACT in the 2010 Nucor BACT and, therefore, 
are considered effective emission controls.  

4.1.2 Baseline Emission Rates  
Since the four-factor analysis concluded the No. 14 Blast Furnace Stoves and Casthouse have no 
reasonable set of NOX emission control measures beyond what is currently installed and operated for 
these emission units, it is not necessary to represent a projected 2028 emissions scenario. 

4.1.3 Factor 1 – Cost of Compliance 
Since the four-factor analysis concluded the No. 14 Blast Furnace Stoves and Casthouse have no 
reasonable set of NOX emission control measures beyond what is currently installed and operated for 
these emission units, it is not appropriate to estimate the cost of compliance for additional NOX emission 
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control measures. Even in the circumstance where there was an emission control measure identified as 
part of the reasonable set, the associated emission control measure’s cost-effectiveness would not be 
reasonable because the emission reduction technology would not impact visibility at the associated Class I 
areas (see Section 6). 

4.1.4 Factor 2 – Time Necessary for Compliance  
Since the four-factor analysis concluded the No. 14 Blast Furnace Stoves and Casthouse have no 
reasonable set of NOX emission control measures beyond what is currently installed and operated for 
these emission units, it is not appropriate to describe the time that is necessary to achieve compliance for 
additional NOX emission control measures.  

4.1.5 Factor 3 – Energy and Non-Air Quality Environmental Impacts of 
Compliance  

Since the four-factor analysis concluded the No. 14 Blast Furnace Stoves and Casthouse have no 
reasonable set of NOX emission control measures beyond what is currently installed and operated for 
these emission units, it is not appropriate to describe the energy and non-air quality environmental 
impacts for additional NOX emission control measures.  

4.1.6 Factor 4 – Remaining Useful Life of the Source 
Since the four-factor analysis concluded the No. 14 Blast Furnace Stoves and Casthouse have no 
reasonable set of NOX emission control measures beyond what is currently installed and operated for 
these emission units, it is not appropriate to describe the remaining useful life of the source.  

4.1.7 Visibility Benefits 
Since the four-factor analysis concluded the No. 14 Blast Furnace Stoves and Casthouse have no 
reasonable set of NOX emission control measures beyond what is currently installed and operated, it is not 
appropriate to describe the potential visibility benefits for additional NOX emission control measures. 
However, as described in Section 6, additional NOX emission reductions are not appropriate and are 
unnecessary for Gary Works because: 

1. The 5-year average visibility impairment on the most impaired days at the associated Class I areas 
of interest is already below (Mammoth Cave and Seney), or trending towards (Mingo), the 2028 
URP (see Section 6.1),  

2. The trajectory analysis demonstrates that Gary Works does not appreciably contribute to visibility 
impairment to the Class I areas on the most impaired days at the monitors (see Section 6.2), and  

3. Any installation of additional emission control measures at Gary Works will not appreciably 
improve visibility in these Class I areas (see Section 6.2).  

4. The No. 14 Blast Furnace Casthouse’s emissions are fugitive in nature and would not impair 
visibility at the associated Class I areas (greater than 500 km away from Gary Works).  
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4.1.8 Proposed NOX Emission Control Measures 
The four-factor analysis with visibility benefits evaluation concluded that additional NOX emission control 
measures at the No. 14 Blast Furnace Stoves and Casthouse beyond those described in Section 2.2.1 are 
not required to make reasonable progress in reducing NOX emissions. As such, Gary Works proposes to 
maintain the existing NOX emission control measures. 

4.2 Four-Factor Analysis – SO2 
The following sections describe the four-factor analysis with visibility benefits evaluation for determining 
the reasonable set of SO2 emission control measures (Section 4.2.1), the evaluation factors (Sections 4.2.3 
through 4.2.7), and the proposed emission control measures (Section 4.2.8) for the No. 14 Blast Furnace 
Stoves and Casthouse. 

4.2.1 SO2 Emission Control Measures 
4.2.1.1 No. 14 Blast Furnace Stoves 
As described in Section 2.2.2, the No. 14 Blast Furnace Stoves routinely fires low-sulfur fuels (blast furnace 
gas and pipeline-grade natural gas) as an existing SO2 emission control measure. Table 4-3 presents SO2 
emission control measures for blast furnace stoves at similar sources, as represented in the RBLC 
(Appendix A) and their respective air permits (Appendix B).  
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Table 4-3 Blast Furnace Stoves SO2 Emission Control Measures at Similar Sources 

Facility Emission Unit Description Allowed Fuels 
SO2 Emission 

Control Measure(s) 
ArcelorMittal Indiana 
Harbor East 

No. 7 Blast Furnace Stoves Natural Gas  
Blast Furnace Gas 

None 

ArcelorMittal Indiana 
Harbor West 

No. 3 Blast Furnace Stoves Natural gas 
Blast furnace gas 

None 

No. 4 Blast Furnace Stoves 

ArcelorMittal Burns 
Harbor 

C Blast Furnace Blast furnace gas 
Coke oven gas 
Natural gas 

None 

D Blast Furnace 

AK Steel Dearborn(1) EUBFURNACE, group of four stoves Natural gas 
Blast furnace gas 

None 

EUCFURNACE, group of four stoves 

AK Steel Middletown No. 3 Blast Furnace Not listed None 

ArcelorMittal Cleveland Blast Furnace C5 Natural gas 
Blast furnace gas 

None 

Blast Furnace C6 

U. S. Steel Edgar 
Thompson 

Blast Furnace No. 1 Stoves Blast furnace gas 
Coke oven gas 
Natural gas 

None 

Blast Furnace No. 3 Stoves 

Nucor St. James(2)  
(2010 Nucor BACT) 

Blast Furnace 1 Natural gas 
Blast furnace gas 

Low sulfur fuels 

Blast Furnace 2 
(1) AK Steel Dearborn (RBLCID = MI-0413) underwent SO2 BACT in 2014 and concluded that BACT did not require additional 

SO2 emission control measures.  
(2) The emission units at Nucor St. James have not been constructed. 

The 2010 Nucor BACT determined that other than the low-sulfur fuels (blast furnace gas and natural gas), 
no additional add-on SO2 emission control measures are technically feasible.  

There are no additional SO2 emission control measures based on the 2010 Nucor BACT, emission control 
measures described in the RBLC (Appendix A) and air permits for similar sources (Appendix B). As such, 
the No. 14 Blast Furnace Stoves have no reasonable set of SO2 emission control measures. Furthermore, 
the existing SO2 emission control measures are equivalent to those determined to be BACT in the 2010 
Nucor BACT and, therefore, are considered effective emission controls.  

4.2.1.2 No. 14 Blast Furnace Casthouse 
As described in Section 2.2.2, there are no existing SO2 emission control measures associated with the 
No. 14 Blast Furnace Casthouse. Table 4-4 presents SO2 emission control measures for blast furnace 
casthouses at similar sources, as represented in the RBLC (Appendix A) and their respective air permits 
(Appendix B).  
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Table 4-4 Blast Furnace Casthouse SO2 Emission Control Measures at Similar Sources 

Facility Emission Unit Description 
SO2 Emission Control 

Measure(s) 
ArcelorMittal Indiana Harbor East No. 7 Blast Furnace Casthouse None 

ArcelorMittal Indiana Harbor West No. 3 Blast Furnace Casthouse None 

No. 4 Blast Furnace Casthouse 

ArcelorMittal Burns Harbor C Blast Furnace East and West Casthouses None 

D Blast Furnace East and West Casthouses 

AK Steel Dearborn EUBFURNACE Casthouses None 

EUCFURNACE Casthouses 

AK Steel Middletown No. 3 Blast Furnace Casthouse None 

ArcelorMittal Cleveland Blast Furnace C5 Casthouse None 

Blast Furnace C6 Casthouse 

U. S. Steel Edgar Thompson Blast Furnace No. 1 Casthouse None 

Blast Furnace No. 3 Casthouse 

Nucor St. James(1)  
(2010 Nucor BACT) 

Casthouse No. 1 None 

Casthouse No. 2 
(1) The emission units at Nucor St. James have not been constructed. 

There are no additional SO2 emission control measures based on the 2010 Nucor BACT, emission control 
measures described in the RBLC (Appendix A) and air permits for similar sources (Appendix B). As such, 
the No. 14 Blast Furnace Casthouse has no reasonable set of SO2 emission control measures beyond what 
is currently installed and operated for these emission units. Furthermore, the existing SO2 emission control 
measures are equivalent to those determined to be BACT in the 2010 Nucor BACT and, therefore, are 
considered effective emission controls.  

4.2.2 Baseline Emission Rates  
Since the four-factor analysis concluded the No. 14 Blast Furnace Stoves and Casthouse have no 
reasonable set of SO2 emission control measures beyond what is currently installed and operated for 
these emission units, it is not necessary to represent a projected 2028 emissions scenario. 

4.2.3 Factor 1 – Cost of Compliance 
Since the four-factor analysis concluded the No. 14 Blast Furnace Stoves and Casthouse have no 
reasonable set of SO2 emission control measures beyond what is currently installed and operated for 
these emission units, it is not appropriate to estimate the cost of compliance for additional SO2 emission 
control measures. Even in the circumstance where there was an emission control measure identified as 
part of the reasonable set, the associated emission control measure’s cost-effectiveness would not be 
reasonable because the emission reduction technology would not impact visibility at the associated Class I 
areas (see Section 6). 
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4.2.4 Factor 2 – Time Necessary for Compliance  
Since the four-factor analysis concluded the No. 14 Blast Furnace Stoves and Casthouse have no 
reasonable set of SO2 emission control measures beyond what is currently installed and operated for 
these emission units, it is not appropriate to describe the time that is necessary to achieve compliance for 
additional SO2 emission control measures.  

4.2.5 Factor 3 – Energy and Non-Air Quality Environmental Impacts of 
Compliance  

Since the four-factor analysis concluded the No. 14 Blast Furnace Stoves and Casthouse have no 
reasonable set of SO2 emission control measures beyond what is currently installed and operated for 
these emission units, it is not appropriate to describe the energy and non-air quality environmental 
impacts for additional SO2 emission control measures.  

4.2.6 Factor 4 – Remaining Useful Life of the Source 
Since the four-factor analysis concluded the No. 14 Blast Furnace Stoves and Casthouse have no 
reasonable set of SO2 emission control measures beyond what is currently installed and operated for 
these emission units, it is not appropriate to describe the remaining useful life of the source.  

4.2.7 Visibility Benefits 
Since the four-factor analysis concluded the No. 14 Blast Furnace Stoves and Casthouse have no 
reasonable set of SO2 emission control measures beyond what is currently installed and operated for 
these emission units, it is not appropriate to describe the potential visibility benefits for additional SO2 
emission control measures. However, as described in Section 6, additional SO2 emission reductions are 
not appropriate and are unnecessary for Gary Works because: 

1. The 5-year average visibility impairment on the most impaired days at the associated Class I areas 
of interest is already below (Mammoth Cave and Seney), or trending towards (Mingo), the 2028 
URP (see Section 6.1),  

2. The trajectory analysis demonstrates that Gary Works does not appreciably contribute to visibility 
impairment to the Class I areas on the most impaired days at the monitors (see Section 6.2), and  

3. Any installation of additional emission control measures at Gary Works will not appreciably 
improve visibility in these Class I areas (see Section 6.2).  

4. The Casthouse’s emissions are fugitive in nature (e.g., low-lying, low-velocity source) and would 
not impair visibility at the associated Class I areas (greater than 500 km away from Gary Works).  

4.2.8 Proposed SO2 Emission Control Measures 
The four-factor analysis with visibility benefits evaluation concluded that additional SO2 emission control 
measures at the No. 14 Blast Furnace Stoves and Casthouse beyond those described in Section 2.2.1 are 
not required to make reasonable progress in reducing SO2 emissions. As such, Gary Works proposes to 
maintain the existing SO2 emission control measures.  
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5 84” Hot Strip Mill Reheat Furnaces and 
Waste Heat Boilers 

The following sections describe the four-factor analysis with visibility benefits evaluation for NOX emission 
control measures (Section 5.1), the 2028 projected baseline NOX emission rates (Section 5.1.2), the 
evaluation factors (Sections 5.1.3 through 5.1.7), and the proposed emission control measures (Section 
5.1.7) for the 84” Hot Strip Mill Reheat Furnaces and Waste Heat Boilers.  

5.1 Four-Factor Analysis - NOX  
5.1.1 NOX Emission Control Measures 
As described in Section 2.2.3, the 84” Hot Strip Mill Reheat Furnaces and Waste Heat Boilers conform to 
good combustion practices and operate ZoloSCAN on the Reheat Furnaces as existing NOX emission 
control measures. Table 5-1 presents NOX emission control measures for reheat furnaces and waste heat 
boilers at similar sources, as represented in the RBLC (Appendix A) and their respective air permits 
(Appendix B). 

Table 5-1 Reheat Furnaces and Waste Heat Boilers NOX Emission Control Measures at Similar 
Sources 

Facility Emission Unit Description Allowed Fuels 
NOX Emission 

Control Measure(s) 
ArcelorMittal Indiana 
Harbor East 

No. 4 Walking Beam Furnace Natural gas LNB 

No. 5 Walking Beam Furnace Natural gas None 

No. 6 Walking Beam Furnace Natural gas None 

ArcelorMittal Indiana 
Harbor West 

No. 1 Reheat Furnace Natural gas None 

No. 2 Reheat Furnace 

No. 3 Reheat Furnace 

ArcelorMittal Burns 
Harbor 

Reheat Furnace No. 1 Natural gas 
Coke oven gas 
Propane 

None 

Reheat Furnace No. 2 

Reheat Furnace No. 3 

HSM WBF No. 1 Natural gas LNB 

HSM WBF No. 2 

AK Steel Dearborn EUREHEATFURN1 Not listed None 

EUREHEATFURN2 

EUREHEATFURN3 
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Facility Emission Unit Description Allowed Fuels 
NOX Emission 

Control Measure(s) 
AK Steel Middletown No. 1 Slab Reheat Furnace/Waste 

Heat Boiler 
Natural gas 
Fuel oil 
Coke oven gas 

None 

No. 2 Slab Reheat Furnace/Waste 
Heat Boiler 

No. 3 Slab Reheat Furnace/Waste 
Heat Boiler 

No. 4 Slab Reheat Furnace/Waste 
Heat Boiler 

ArcelorMittal Cleveland 80” Hot Strip Mill Reheat Furnaces 1, 
2, 3 

Natural gas 
Fuel oil 

LNB 

Walking Beam Furnace Natural gas None 
 

LNB reduces NOX emissions by decreasing the burner flame temperature from staging either the 
combustion air or fuel injection rates into the burner. Gary Works identified LNB to be part of the 
reasonable set of NOX emission control measures for the 84” Hot Strip Mill Reheat Furnaces and Waste 
Heat Boilers based on the emission control measures described in the RBLC (Appendix A) and the air 
permits for similar sources (Appendix B).  

The RBLC search (Appendix A) identified two instances of Selective Catalytic Reduction (SCR)19 for NOX 
emission control; A reheat furnace at Thyssenkrupp Steel and Stainless USA, LLC (RBLC ID: AL-0230) and a 
combined stack with six waste heat boilers and six rotary hearth furnaces at New Steel International, Inc., 
Haverhill (RBLC ID: OH-0315). The Thyssenkrupp Steel and Stainless USA, LLC (RBLC ID: AL-0230) RBLC 
entry included an associated note stating: “This covers NOX for the nitric & hydrofluoric acid pickling with 
caustic scrubber & DE-NOX SCR (LA29).” Therefore, it was assumed that the operations are materially 
different and are not comparable to Gary Works. The New Steel International, Inc., Haverhill (RBLC ID: OH-
0315) facility was never constructed and, as such, SCR has not been installed and successfully operated on 
a similar source under similar physical and operating conditions. Therefore, SCR is not part of a 
reasonable set of NOX emission control measures for the 84" Hot Strip Mill Reheat Furnaces and Waste 
Heat Boilers.  

LNB for the 84” Hot Strip Mill Reheat Furnaces and Waste Heat Boilers is evaluated as a NOX emission 
control measure in Sections 5.1.3 through 5.1.6.  

5.1.2 Baseline Emission Rates 
The four-factor analysis requires the establishment of a baseline scenario for evaluating a potential 
emission control measure. At page 29 of the 2019 RH SIP Guidance in the section entitled “Baseline 

 

19 SCR reduces NOX emissions with ammonia or urea injection in the presence of a catalyst. 
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control scenario for the analysis,” excerpted below, EPA considers the projected 2028 emissions scenario 
as a “reasonable and convenient choice” for the baseline control scenario: 

“Typically, a state will not consider the total air pollution control costs being incurred by a source or 
the overall visibility conditions that would result after applying a control measure to a source but 
would rather consider the incremental cost and the change in visibility associated with the measure 
relative to a baseline control scenario. The projected 2028 (or the current) scenario can be a 
reasonable and convenient choice for use as the baseline control scenario for measuring the 
incremental effects of potential reasonable progress control measures on emissions, costs, visibility, 
and other factors. A state may choose a different emission control scenario as the analytical baseline 
scenario. Generally, the estimate of a source’s 2028 emissions is based at least in part on 
information on the source’s operation and emissions during a representative historical period. 
However, there may be circumstances under which it is reasonable to project that 2028 operations 
will differ significantly from historical emissions. Enforceable requirements are one reasonable basis 
for projecting a change in operating parameters and thus emissions; energy efficiency, renewable 
energy, or other such programs where there is a documented commitment to participate and a 
verifiable basis for quantifying any change in future emissions due to operational changes may be 
another. A state considering using assumptions about future operating parameters that are 
significantly different than historical operating parameters should consult with its EPA Regional 
office.” 

Based on EPA guidance, the estimate of a source’s 2028 emissions is based, at least in part, on information 
on the source’s operation and emissions during a representative historical period. For the purpose of the 
four-factor analysis, Gary Works considered the representative historical period to be 2016-2019 and 
conservatively selected the maximum annual emissions within the associated four-year period to 
represent projected 2028 baseline emissions. The estimated 2028 baseline NOX emissions are shown in 
Table 5-2.  

Table 5-2 Estimated 2028 Baseline NOX Emissions for the Identified Emission Units 

Unit 

2028 Projected Baseline 
Natural Gas Throughput 

Assumption 
(MMscf/year) 

Natural Gas NOX 
Emission Factor(1) 

(lb/MMBtu) 

Estimated 2028 NOX 
Emissions 

(tons/year) 
Reheat Furnace No. 1 9,960  275 1,293 

Reheat Furnace No. 2 

Reheat Furnace No. 3 

Reheat Furnace No. 4 

Waste Heat Boiler No. 1 651  275 89 

Waste Heat Boiler No. 2 623  275 86 
(1) AP-42 Section 1.4; Table 1.4-1; July 1998 
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5.1.3 Factor 1 – Cost of Compliance 
Gary Works completed cost estimates for LNB installation on the 84” Hot Strip Mill Reheat Furnaces and 
Waste Heat Boilers. Due to the limited time available in responding to IDEM’s request, a source-specific 
technical feasibility study and preliminary engineering design were not conducted. The cost of compliance 
analysis is based on information provided by a vendor regarding burner performance and equipment 
costs. The installation costs were estimated by Gary Works’ engineering staff and are based on experience 
with projects of similar scope. The capital cost estimates are considered by Gary Works’ engineering staff, 
based on their considerable experience with projects at Gary Works and in the industry, to be 
conservatively low. Cost summary spreadsheets for LNB installation on the 84” Hot Strip Mill Reheat 
Furnaces No. 1 through No. 4, Waste Heat Boiler No. 1, and Waste Heat Boiler No. 2 are provided in 
Appendix C.1, C.2, and C.3, respectively. 

The cost-effectiveness analysis compares the annualized cost of the emission control measure per ton of 
pollutant removed and is evaluated on dollar per ton basis using the annual cost (annualized capital cost 
plus annual operating costs) divided by the annual emissions reduction (tons) achieved by the control 
device. For purposes of this screening evaluation and consistent with the typical approach described in 
the EPA Control Cost Manual20, a 20-year life (before new and extensive capital is needed to maintain and 
repair the equipment) at 5.5% interest is assumed in annualizing capital costs. 

The resulting cost-effectiveness calculations are summarized in Table 5-3. 

Table 5-3 LNB Control Cost Summary, per Unit Basis 

Emission Unit 
Total Annualized 

Costs ($/yr) 
Annual Emissions 
Reduction (tpy) 

Pollution Control Cost 
Effectiveness 

($/ton) 

84” Hot Strip Mill Reheat Furnaces 
No. 1 through No. 4 

$2,978,000 211 $14,100 

Waste Heat Boiler No. 1 $355,000 58 $6,100 

Waste Heat Boiler No. 2 $355,000 56 $6,300 

 

Based on the cost effectiveness values, LNB installation on the 84” Hot Strip Mill Reheat Furnaces and 
Waste Heat Boilers are not cost-effective. Independent of the cost-effectiveness evaluation, installation of 
LNBs on the associated units is not justifiable because the emission control measures would not 
appreciably improve visibility at the associated Class I areas.  

 

20 US EPA, “EPA Air Pollution Control Cost Manual, Sixth Edition,” January 2002, EPA/452/B-02-001. The EPA has 
updated certain sections and chapters of the manual since January 2002. These individual sections and chapters may 
be accessed at https://www.epa.gov/economic-and-cost-analysis-air-pollution-regulations/cost-reports-and-
guidance-air-pollution as of the date of this report., page 2-26 

https://www.epa.gov/economic-and-cost-analysis-air-pollution-regulations/cost-reports-and-guidance-air-pollution
https://www.epa.gov/economic-and-cost-analysis-air-pollution-regulations/cost-reports-and-guidance-air-pollution
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Sections 5.1.4 through 5.1.6 provide a summary of the remaining three factors evaluated for the NOX 
emission control measures, understanding that these projects represent substantial capital investments 
that are not justified on a cost per ton or absolute cost basis.  

5.1.4 Factor 2 – Time Necessary for Compliance 
The amount of time needed for full implementation of the emission control measure or measures varies. 
Typically, time for compliance includes the time needed to develop and approve the new emissions limit 
into the SIP by state and federal action, time for IDEM to issue Gary Works a significant source 
modification permit, then time for Gary Works to engineer, fund, install, commission, and test the project 
necessary to meet the SIP limit. 

The technologies would require significant resources and time of at least two to three years to engineer, 
permit, and install the equipment. However, prior to beginning this process, the SIP must first be 
submitted by IDEM in July 2021 and then approved by EPA, which is anticipated to occur within 12 to 18 
months after submittal (approximately 2022 to 2023). Thus, the installation date would occur between 
2024 and 2026.  

5.1.5 Factor 3 – Energy and Non-Air Quality Environmental Impacts of 
Compliance 

LNB installation on the 84” Hot Strip Mill Reheat Furnaces and Waste Heat Boilers will result in a small 
decrease in thermal efficiency due to lower flame temperatures. However, the energy and non-air quality 
environmental impacts associated with the implementation of LNB are negligible for this analysis.  

5.1.6 Factor 4 – Remaining Useful Life of the Source 
Because Gary Works is assumed to continue operations for the foreseeable future, the useful life of the 
individual emission control measures (assumed 20-year life, per Section 2.1.1.5) is used to calculate 
emission reductions, amortized costs and cost-effectiveness on a dollar per ton basis. 

5.1.7 Visibility Benefits 
LNB installation on the 84” Hot Strip Mill Reheat Furnaces and Waste Heat Boilers is not appropriate and 
unnecessary because: 

1. The 5-year average visibility impairment on the most impaired days at the associated Class I areas 
of interest is already below (Mammoth Cave and Seney), or trending towards (Mingo), the 2028 
URP (see Section 6.1),  

2. The trajectory analysis demonstrates that Gary Works does not appreciably contribute to visibility 
impairment to the Class I areas on the most impaired days at the monitors (see Section 6.2), and  

3. LNB installation on the 84” Hot Strip Mill Reheat Furnaces and Waste Heat Boilers do not justify 
the associated cost, as described in Section 5.1.3, because the emission control measure will not 
appreciably improve visibility in these Class I areas. 
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5.1.8 Proposed NOX Emission Control Measures  
Based on the analysis conducted in Sections 5.1.3 through 5.1.7, Gary Works has determined that 
installation of additional NOX emissions measures at the 84” Hot Strip Mill Reheat Furnaces and Waste 
Heat Boilers beyond those described in Section 2.2.3 are not required to make reasonable progress in 
reducing NOX emissions. As such, Gary Works proposes to maintain the existing NOX emission control 
measures. 
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6 Visibility Impacts Review 
Section 6.1 describes the current visibility conditions compared to the 2028 URP and whether emission 
reductions are necessary to have the 2028 visibility conditions below the 2028 URP. Section 6.2 presents a 
more complex surrogate analysis for visibility impacts which considers the air trajectories prior to the most 
impaired visibility days rather than only considering emission rates (Q) and distances (d). The analysis 
provides the frequency when emissions from Gary Works may have been a contributor to the haze on the 
selected most impaired days. 

6.1 Analysis of Ambient Data 
The RHR requires that the SIP include an analysis of “baseline, current, and natural visibility conditions; 
progress to date; and the uniform rate of progress.”21 The SIP “must consider the uniform rate of 
improvement in visibility and the emission-reduction measures needed to achieve it for the period 
covered by the implementation plan.”22  

An analysis of current visibility conditions was completed at the three Class I areas closest to Gary Work’s 
facility (Mammoth Cave, Mingo, and Seney) to determine the current status compared to the natural 
visibility goal, the 2028 URP, and to the possible reasonable progress goals for the SIP for the second 
implementation period, which ends in 2028. 

Visibility monitoring data was obtained from the IMPROVE monitors at Mammoth Cave (MACA1), Mingo 
(MING1), and Seney (SENE1).23 The data was compared to the RHR visibility metric, which is based on the 
rolling 5-year average of the 20% most anthropogenically impaired days and the 20% clearest days, with 
visibility being measured in deciviews (dv).  

Figure 6-1 through Figure 6-3 show the rolling 5-year average visibility impairment versus the 2028 URP 
glidepath24 at Mammoth Cave (MACA1), Mingo (MING1), and Seney (SENE1), respectively. This data 
illustrates that regional haze impairment at these three Class I areas has been declining (i.e., visibility has 
been improving) since 2007 for both Seney and Mingo, and 2008 for Mammoth Cave. The trends in 
visibility impairment fell below the expected 2028 URP goal in 2017 for Seney and Mammoth Cave, and 
was 0.6 dv from the 2028 goal for Mingo in 2018. All of the data demonstrates that visibility continues to 
improve in each of these Class I areas.  

 

21 40 CFR 51.308(f)(1) 

22 40 CFR 51.308(d)(1) 

23 http://vista.cira.colostate.edu/Improve/improve-data/ 

24https://public.tableau.com/profile/mpca.data.services#!/vizhome/RegionalHaze_visibility_metrics_public/Visibilitypro
gress 

http://vista.cira.colostate.edu/Improve/improve-data/
https://public.tableau.com/profile/mpca.data.services#!/vizhome/RegionalHaze_visibility_metrics_public/Visibilityprogress
https://public.tableau.com/profile/mpca.data.services#!/vizhome/RegionalHaze_visibility_metrics_public/Visibilityprogress
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Figure 6-1 Visibility Trend versus 2028 URP – Mammoth Cave National Park (MACA1) 

 

Figure 6-2 Visibility Trend versus 2028 URP – Mingo National Wildlife Refuge (MING1) 
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Figure 6-3 Visibility Trend versus 2028 URP – Seney National Wildlife Refuge (SENE1) 

The downward visibility trend for each of the Class I monitors described above can be attributed to the 
reductions across various regional sources. These reductions are a result of a number of different actions 
taken to reduce emissions from several sources, including:  

• Installation of BART during the first RHR implementation period 

• Emission reductions from a variety of industries due to updated rules and regulations 

• Transition of power generation systems from coal to natural gas and renewables (wind and solar)  

• NOX and SO2 emission reductions from mobile sources due to numerous federal regulatory 
programs (e.g., increased fuel economy and low sulfur fuels standards)  

The IMPROVE monitoring network data demonstrates sustained progress towards visibility goals and the 
5-year average visibility impairment on the most impaired days is already below the 2028 URP at two of 
the Class I areas which were considered (Mammoth Cave and Seney). In addition, the 5-year visibility 
impairment at the third Class I area (Mingo) is only slightly above the 2028 URP (20.2 dV observed versus 
19.6 dV for the 2028 URP) and has been trending downward since 2007. Furthermore, the 2019 RH SIP 
Guidance states that “visibility impacts and/or potential benefits may be considered in the source 
selection step in order to prioritize the examination of certain sources for further analysis of emission 
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control measures.”25 Since the 5-year average visibility impairment on the most impaired days is already 
below (Mammoth Cave and Seney), or trending towards (Mingo), the 2028 URP, it is not necessary for 
Gary Works to install additional emission control measures to make reasonable progress at these Class I 
areas.  

6.2 Visibility Impacts 
A reverse particle trajectory analysis was completed from the three Class I areas closest to Gary Works 
(Mammoth Cave, Mingo, and Seney) to determine visibility impacts from Gary Works. These analyses were 
used to determine how emissions from Gary Works could impact visibility in Class I areas on the most 
impaired days. These analyses could also be used to determine if emission reductions at Gary Works could 
result in visibility improvement on the most impaired days at these Class I areas.  

A trajectory analysis considers the transport path of a particular air mass and the associated particles 
within the air mass to see if the air mass traveled over certain locations. A reverse trajectory analysis was 
performed beginning at each Class I area for the calculated most impaired days during 2017-2018. The 
impairment metric (dv) from the IMPROVE Aerosol RHR III dataset26 was used to calculate the 20% most 
impaired days for 2017 and 2018. The NOAA Hysplit model27 was used to calculate 48-hour reverse 
trajectories beginning at 6:00 PM at a height of 10m from each Class I area on the day from the calculated 
20% most impaired days (“the most impaired trajectories”). This methodology was modeled after the 
Minnesota Pollution Control Agency’s trajectory analysis for their Class I areas.28 The trajectories that cross 
near Gary Works are shown in Figure 6-4 and all of the most impaired trajectories in 2017 and 2018 for 
each Class I area is shown in Figure 6-5 through Figure 6-7. 

The analysis considered the 20% most impaired trajectories for each Class 1 area based on 2017 and 2018 
IMPROVE data. As shown in Figure 6-4, just 2.5% of the most impaired trajectories cross near Gary Works 
out of a total of 137 most impaired days. In addition, Figure 6-5 through Figure 6-7 illustrate that the 
majority of the most impaired trajectories are not traveling from the general direction of Gary Works. 
Furthermore, most of the 48-hour reverse trajectories end before reaching the Gary Works facility 
location, indicating that the nearest Class I areas are at a distance far enough away from the facility and 

 

25 USEPA, Guidance on Regional Haze State Implementation Plans for the Second Implementation Period, 08/20/2019, 
Page 34. 

26 Malm, W. C., J. F. Sisler, D. Huffman, R. A. Eldred, and T. A. Cahill (1994), Spatial and seasonal trends in particle 
concentration and optical extinction in the United States, J. Geophys. Res., 99, 1347-1370. 
http://views.cira.colostate.edu/fed/SiteBrowser/Default.aspx 

27 Stein, A.F., Draxler, R.R, Rolph, G.D., Stunder, B.J.B., Cohen, M.D., and Ngan, F., (2015). NOAA's HYSPLIT atmospheric 
transport and dispersion modeling system, Bull. Amer. Meteor. Soc., 96, 2059-2077, http://dx.doi.org/10.1175/BAMS-
D-14-00110.1 

28 MPCA – Regional Haze Tableau Public. 
https://public.tableau.com/profile/mpca.data.services#!/vizhome/RegionalHaze_visibility_metrics_public/Visibilityprogress 

https://www.epa.gov/sites/production/files/2019-08/documents/8-20-2019_-_regional_haze_guidance_final_guidance.pdf
http://views.cira.colostate.edu/fed/SiteBrowser/Default.aspx
http://dx.doi.org/10.1175/BAMS-D-14-00110.1
http://dx.doi.org/10.1175/BAMS-D-14-00110.1
https://public.tableau.com/profile/mpca.data.services#!/vizhome/RegionalHaze_visibility_metrics_public/Visibilityprogress


 

 

 
 36  

 

therefore visibility impairment from the Gary Works facility is unlikely. This information generally 
demonstrates sources from other regions, and not Gary Works, are contributing to the visibility on the 
most impaired days at the monitors. For example, the emissions are likely coming from other 
metropolitan areas such as Louisville, St. Louis, Indianapolis, Columbus, Cincinnati, and Nashville. As such, 
the installation of additional emission control measures at Gary Works would not improve visibility in 
these Class I areas. 

 

Figure 6-4 Mammoth Cave, Mingo, and Seney: The Most Impaired Trajectories that Cross 
Near Gary Works from for 2017-2018 (4 out of 150) 
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Figure 6-5 Mammoth Cave National Park: Most Impaired Trajectories for 2017-2018 from 

Reverse Trajectory Analysis (1 out of 50)  
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Figure 6-6 Mingo National Wildlife Refuge: Most Impaired Trajectories for 2017-2018 from 

Reverse Trajectory Analysis (2 out of 50)  
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Figure 6-7 Seney National Wildlife Refuge: Most Impaired Trajectories for 2017-2018 from 
Reverse Trajectory Analysis (1 out of 50)  
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7 Conclusion 
As described in Section 3 and Section 4, the No. 3 Sinter Plant Sinter Strands and No. 14 Blast Furnace 
(Stoves and Casthouse) four-factor analyses with visibility benefits evaluations concluded that: 

• There is no reasonable set of NOX and SO2 emission control measures beyond what is currently 
installed and operated for these emission units (see Sections 3.1.1, 3.2.1, 4.1.1, and 4.2.1).  

• The existing emission control measures are equivalent to those determined to be BACT in a 
recent BACT analysis and, therefore, are considered effective emission controls (see Sections 
3.1.1, 3.2.1, 4.1.1, and 4.2.1). 

• Additional NOX and SO2 emission reductions are not appropriate and are unnecessary for these 
sources because: 

o The 5-year average visibility impairment on the most impaired days at the associated 
Class I areas of interest is already below (Mammoth Cave and Seney), or trending 
towards (Mingo), the 2028 URP (see Section 6.1),  

o The trajectory analysis demonstrates that Gary Works does not appreciably contribute to 
visibility impairment to the Class I areas on the most impaired days at the monitors and, 
therefore, any installation of additional emission control measures at Gary Works will not 
appreciably improve visibility in these Class I areas (see Section 6.2).  

• Therefore, the No. 3 Sinter Plant Sinter Strands and No. 14 Blast Furnace (Stoves and Casthouse) 
existing NOX and SO2 emission performance are sufficient for the IDEM’s regional haze 
reasonable progress goal (see Sections 3.1.8, 3.2.8, 4.1.8, and 4.2.8).  

As described in Section 5, the 84” Hot Strip Mill Reheat Furnaces and Waste Heat Boilers NOX four-factor 
analysis with visibility benefits evaluation concluded that: 

• The reasonable set of NOX emission control measures beyond what is currently installed and 
operated for these emission units consists of LNB (see Section 5.1.1).  

• LNB installation on the 84” Hot Strip Mill Reheat Furnaces and Waste Heat Boilers are not cost-
effective, based on the associated cost-effectiveness values ($ per ton of emissions reduction). 
Furthermore, the additional capital and operating costs may negatively impact Gary’s ability to 
compete in the economic market (see Section 5.1.3).  

• Independent of the cost-effectiveness evaluation, which alone indicates that no additional 
emission control measures are necessary and appropriate, the additional NOX emission control 
measures and their associated NOX emission reductions are also not necessary and appropriate 
for Gary Works because: 

o The 5-year average visibility impairment on the most impaired days at the associated 
Class I areas of interest is already below (Mammoth Cave and Seney), or trending 
towards (Mingo), the 2028 URP (see Section 6.1),  

o The trajectory analysis demonstrates that Gary Works does not appreciably contribute to 
visibility impairment to the Class I areas on the most impaired days at the monitors (see 
Section 6.2), and  
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o Thus, the NOx emission reduction associated with LNB installation on the 84” Hot Strip 
Mill Reheat Furnaces and Waste Heat Boilers does not justify the associated cost, as 
described in Section 5.1.3, because the emission control measure will not appreciably 
improve visibility in these Class I areas (see Section 5.1.7). 

• Therefore, the 84” Hot Strip Mill Reheat Furnaces and Waste Heat Boilers existing NOX emission 
performance are appropriate and sufficient for the IDEM’s regional haze reasonable progress 
goal (see Section 5.1.8).  

In addition to the four statutory factors, this analysis also considered the current visibility and the 
potential visibility benefits from installing additional emission control measures on the associated sources 
at the facility. An analysis of current visibility conditions was completed at the three Class I areas closest to 
Gary Work’s facility (~500-570 km away): Mammoth Cave in Kentucky, Seney in northern Michigan and 
Mingo in Missouri. As shown in Section 6.1, the 5-year average visibility impairment on the most impaired 
days is already below (Mammoth Cave and Seney), or trending towards (Mingo), the 2028 URP. Thus, it is 
not necessary for Gary Works to install additional emission control measures to make reasonable progress 
at these distant Class I areas and, as shown below, any reductions in emissions at Gary Works will not 
appreciably improve visibility in these Class I areas.  

Furthermore, a reverse particle trajectory analysis was completed from these same Class I areas 
(Mammoth Cave, Mingo, and Seney) to determine how emissions from Gary Works could impact visibility 
in Class I areas on the 20% most impaired days. As shown in Section 6.1, the majority (97.5%) of the most 
impaired trajectories are not traveling from the general direction of Gary Works. Furthermore, most of the 
48-hour reverse trajectories end before reaching the Gary Works facility location, indicating that the 
nearest Class I areas are at a distance far enough away from the facility, and therefore Gary Works is not 
reasonably expected to contribute to visibility impairment of the Class I areas. As such, the installation of 
additional emission control measures at Gary Works would not improve visibility in these Class I areas on 
the most impaired days. 

Lastly, additional emission control measures could impact the economic viability of the company to 
continue to operate in competitive economic markets. Gary Works, as well as the entire integrated iron 
and steel mill industry, is highly sensitive to incremental capital and operating costs due to substantial 
fluctuation in global economic markets. Considering the current visibility progress and that Gary Works 
does not appreciably contribute to visibility impairment at the pertinent Class I areas, any additional 
emission control measures that would be a substantial barrier for the facility to continue to operate would 
be unreasonable and inappropriate. 

 

 

 




