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1.0   Introduction 

1.1 Objectives 
The Regional Haze Rule regulations require Best Available Retrofit Technology (BART) for any BART-eligible 
source that ‘‘emits any air pollutant which may reasonably be anticipated to cause or contribute to any 
impairment of visibility” in any mandatory Class I federal area.  Pursuant to federal regulations, states and/or 
local regulatory agencies have the option of exempting a BART-eligible source from the BART requirements 
based on dispersion modeling demonstrating that the source cannot reasonably be anticipated to cause or 
contribute to visibility impairment in a Class I area.  Indiana’s BART rule at 326 IAC 26-1-6 allows Burns 
Harbor to submit an analysis sufficient to demonstrate that it is not subject to BART.  That analysis was timely 
submitted in May 2008 within ninety (90) days after receiving IDEM’s BART notice.   IDEM identified some 
outdated emission factors that were inadvertently included in the May 2008 Report. This revised Source-
Specific BART Modeling Report updates the May 2008 Report with improved model inputs based on the most 
recent and accurate emission information available for each emissions unit.  

ArcelorMittal Burns Harbor LLC (Burns Harbor) is a facility located on Lake Michigan in northwestern Indiana, 
approximately 50 miles southeast of Chicago.  The Burns Harbor facility is a steelmaking facility that has been 
identified by Indiana Department of Environmental Management (IDEM) as being a BART-eligible source.  The 
purpose of this Report is to summarize the procedures by which a refined air dispersion modeling analysis was 
conducted for the Burns Harbor facility and to transmit an analysis of the modeling results in accordance with 
326 IAC 26-1-6 in support of a refined assessment of Burns Harbor’s contribution to visibility impairment in 
Class I areas.   

The first step in the BART process is to model the visibility impact of baseline emissions to determine whether 
the BART-eligible sources at a facility are subject to BART.  According to the BART rule (326 IAC 26-1-4), a 
facility will be exempt from BART if its 98th percentile visibility impacts for baseline emissions are less than 0.5 
delta-deciviews (delta-dv) in each Class I area for each modeled year.  The refined modeling provided in this 
Report demonstrates that Burns Harbor’s impact on all relevant Class I Areas is comfortably below 0.5 
deciviews and cannot reasonably be anticipated to cause or contribute to visibility impairment in a Class I 
Area. 

1.2 Location of Source vs. Relevant Class I Areas 
Figure 1-1 shows a plot of the Burns Harbor facility relative to nearby Class I areas.  There are no PSD Class I 
areas within 300 km of the facility, which is the outer extent of the reliability range for predicting impacts with 
CALPUFF air dispersion modeling.  Nonetheless, the four closest Class I areas were included in the modeling 
to capture possible impacts from the Burns Harbor facility.  These Class I areas are listed below: 

Isle Royale National Park (674 km)
Mammoth Cave National Park (485 km)
Mingo Wilderness (580 km)
Seney Wilderness (539 km)

IDEM’s CALPUFF modeling screened for potential contributions to visibility impairment from the Burns Harbor 
facility at these four Class I areas.  The refined modeling summarized in this Report offers a more accurate 
assessment of the potential contribution of Burns Harbor to visibility impairments at any of these far-off Class I 
areas. This Report describes in detail the procedures used for this refined CALPUFF modeling.  

CALPUFF is the only EPA-approved model for predicting impacts for long-range emission transport beyond 50 
km.  The Guideline on Air Quality Models (GAQM) (Appendix W to 40 CFR Part 51) suggests that CALPUFF 
“had performed in a reasonable manner, and had no apparent bias toward over or under prediction, so long as 
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the transport distance was limited to less than 300 km”.  Beyond 300 km, CALPUFF’s modeled impacts are 
less reliable with a tendency toward over predicting impacts. 

The closest Class I area is Mammoth Cave NP, located approximately 485 km to the south-southeast well 
beyond the suggested use of CALPUFF.  The modeling analysis in this Report uses CALPUFF as directed by 
the Midwest Regional Planning Organization (MWRPO) and IDEM with the stipulation that the model’s 
performance has tended toward over prediction of modeled impacts beyond 300 km and the fact that the 
federal Guidance suggests that its use beyond 300 km may not be reliable or appropriate. 

1.3 Organization of Report  
Section 2 of this report describes the method for determining the peak 24-hour source emissions that were 
used as input to the BART modeling.  Section 3 describes refinements to the meteorological database and the 
CALMET processing that provide essential data for predicting the transport of emissions.  Section 4 discusses 
CALPUFF technical options and modeling procedures.  Section 5 presents the modeling results.  References 
are provided in Section 6.  Appendix A lists meteorological stations that were used for CALMET processing 
and Appendix B provides documentation of the implementation of the new IMPROVE equation.  Appendix C 
provides a detailed description of the method used to derive the oxides of nitrogen and sulfur dioxide inputs to 
the model. 
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Figure 1-1 Location of Class I Areas in Relation the Burns Harbor Facility 



2.0   Emissions and Source Parameters 

The Lake Michigan Air Directors Consortium (LADCO) developed a protocol to be used in the BART 
CALPUFF modeling for Indiana.  The LADCO protocol specifies that “States will use the 24-hour maximum 
emissions rate between 2002 and 2004.  If this data is not available, then a short term “allowable” or “potential 
emission rate of emissions between the years 2002-2004 will be used.  If neither of these types of emission 
rates is available, then the highest actual annual emissions divided by hours of operation will be applied in 
CALPUFF.”  For this Report, we calculate the 24-hour maximum emission rate for the years 2002-2004.  

Emission units included in the modeling are of two main types, combustion units and process units.  
Combustion unit emissions are calculated using actual daily fuel use records from Burns Harbor’s 
computerized database for 2002, 2003, and 2004 and relevant emission factors.  The emission factors for 
combustions units are based on fuel sampling, stack testing, or U.S. EPA’s AP-42 (see Table 2-4).  The 24-
hour emission rate was determined by multiplying the daily fuel use day for each fuel used that day by the 
appropriate emission factor for each combustion unit for 2002, 2003 and 2004.  Emission for each fuel used 
was summed to determine the total emissions for each unit by day.  The 24-hour maximum emission rate was 
determined by selecting the highest total emissions day for each unit and were used as the maximum 24-hour 
emissions inputs to the CALPUFF model. 

Burns Harbor’s Power Station contains multi-fuel Boiler Nos. 7 through 12.  The Power Station is operated as 
one unit with switching between boilers as necessary to provide the needed steam and to maintain backup 
capabilities.  Consequently, fuel use and emissions calculations were determined for the entire Power Station 
rather than for individual boilers to more accurately reflect 24-hour maximum emissions. 

Process unit emissions are calculated using the maximum 24-hour production rate for each process unit 
during 2002, 2003 and 2004 and appropriate emission factors per unit of production.  The process emission 
factors were derived from stack tests on the same or similar units and from AP-42 emission factors (see Table 
2-5).  For smaller incidental units (e.g., FM Boiler, Hot Metal Desulfurization, etc.) where only monthly
production data were available, the average daily production was calculated by dividing the monthly production
by the number of days in the period.  The day with the highest calculated sulfur dioxide emission rate and the
day with the highest oxides of nitrogen emissions rate from 2002, 2003 or 2004 were selected for each
process unit as the maximum 24-hour emission inputs to the CALPUFF model.

Emissions from slag pits and steelmaking fugitives that do not vent through stacks are “volume” sources (see 
Table 2-1).  Without stacks, volume sources have limited velocity at the point of emission and are, thus, not 
expected to be transported very far away from the emission source.  As such, we do not expect these volume 
sources to contribute to visibility impacts that require the transport of emissions to Class I areas over 480 km 
away.  Nonetheless, we conservatively included the emissions from volume sources in the modeling by adding 
their emissions to the combustion emissions from the Power Station. 

This method combines the highest daily emission rates for each of 26 emission units (+3 volume sources) into 
a fictitious worst case day.  A complex steel manufacturer cannot simultaneously achieve the 24-hour 
maximum emission rate at all 26+ emission units listed in Table 2-1.  While the modeling demonstrates that 
Burns Harbor’s visibility impact is acceptable even using this highly conservative approach (see Table 5-1), 
This scenario conservatively overestimates the impact on Class I areas.   In order to estimate plant emissions 
on a more realistic basis, we calculated the maximum individual day of plant-wide sulfur dioxide and oxides of 
nitrogen emissions during the period of 2002 through 2004.  Daily sulfur dioxide and oxides of nitrogen 
emissions from all emission units were summed for each day to obtain the total plant daily emissions.  The 
plant-wide daily sulfur dioxide and oxides of nitrogen emissions for 2002, 2003 and 2004 were scanned to 
determine the highest daily plant-wide emissions for each of the two pollutants.  These maximum 24-hour 
plant-wide emission rates for sulfur dioxide emissions and for oxides of nitrogen were used as inputs in a 
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separate modeling run summarized in Table 5-2.  The modeling results confirm that Burns Harbor is 
comfortably below the threshold that triggers BART regulation when using this more realistic assessment of 
the 24-hour maximum emission rate as input to the CALPUFF model. 

Table 2-1 provides a summary of the baseline emissions used in the BART CALPUFF model to model the 
maximum day on an emission unit basis.  Table 2-2 provides the modeling parameters that were used in the 
BART CALPUFF modeling.  Table 2-3 provides a summary of the baseline emissions used in the plant-wide 
maximum emission day modeling.  The same modeling parameters in Table 2-2 were used for the plant-wide 
maximum modeling.  Table 2-4 contains the emission factors used to calculate emissions for combustion units. 
Table 2-5 provides the emission factors used to calculate emissions from process units. 



 2-3 August 2008 BART Report for ArcelorMittal Burns Harbor LLC 
12591-001-0600 

Table 2-1 Burns Harbor Facility Baseline Emission Rates - Maximum by Emission Unit 

Stack Description 

Peak 24-Hour 
Emissions (g/s) 

Fuel & 
Production 

Data 
Record 

Frequency

Volume Source Description(1) 
Model Inputs (g/s)

SO2 NOx 

SO2 NOX Blast Furnace C Slag Pit 4.04 0.00 
POWER STATION Boiler Nos 7-12 218.31 162.49 Daily Blast Furnace D Slag Pit 3.36 0.00 

#1 COKE BATTERY PUSHING 1.38 0.27 Monthly Steelmaking Fugitives 0.37 0.99 
#1 COKE BATTERY UNDERFIRE 64.13 94.53 Daily

#2 COKE BATTERY PUSHING 1.39 0.27 Monthly
#2 COKE BATTERY UNDERFIRE 69.29 5.45 Daily

SINTER WINDBOX STACK 25.20 43.59 Daily
BLAST FCE D CASTHOUSE/FUG 0.00 1.02 Monthly

BLAST FURNACE C STOVES 42.03 4.27 Daily
BLAST FURNACE D STOVES 41.88 4.33 Daily

BLAST FCE C CASTHOUSE/FUG 0.00 0.99 Monthly
STEELMAKING HMD STATION #1 0.30 0.02 Monthly
STEELMAKING HMD STATION #2 0.30 0.02 Monthly
STEELMAKING VESSELS #1 & #2 0.09 2.76 Monthly

STEELMAKING VESSEL #3 0.09 1.53 Monthly
STEELMAKING FM BOILER 0.002 0.47 Monthly
HOT STRIP FURNACE #1 7.74 7.36 Daily
HOT STRIP FURNACE #3 7.93 8.16 Daily
HOT STRIP FURNACE #2 7.95 7.17 Daily

160" PLATE MILL FURNACE #1 18.17 4.09 Daily
160" PLATE MILL FURNACE #2 25.28 4.39 Daily
160" PLATE MILL FURNACE #5 0.00 0.00 Daily

160" PLATE MILL FURNACES 6 & 7 0.01 1.27 Daily
160" PLATE MILL FURNACE #8 0.00 0.00 Daily

110 PLATE MILL FURNACES 1 &2 0.00 0.00 Daily
STEELMAKING HMD STATION #3 0.26 0.02 Monthly

110" Plate Mill Normalizing Fce 0.00 0.00 Daily
(1) Total emission from the volume sources were added to the Power Station Source when modeled.  Production data frequency is
monthly for all volume sources
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Table 2-2 Burns Harbor Facility Modeling Stack Parameters 

Stack Description Base 
Elevation(m) 

Stack 
Height (m) 

Diameter 
(m) 

Flow 
(m3/s) 

Temperature 
(K) 

Exit velocity 
(m/sec) UTM Easting (m) UTM Northing (m) 

POWER STATION Boiler Nos 7-12 187.14 67.06 3.43 123.2 505 13.34 488375 4609318 
#1 COKE BATTERY PUSHING 187.54 20.12 0.76 4.3 323 9.44 488045 4608362

#1 COKE BATTERY UNDERFIRE 187.15 76.81 3.78 80.2 547 7.15 487968 4608346 
#2 COKE BATTERY PUSHING 187.15 26.82 2.44 94.4 335 20.20 488059 4608115 

#2 COKE BATTERY UNDERFIRE 187.14 75.90 4.18 63.4 505 4.48 487959 4608191 
SINTER WINDBOX STACK* 187.15 24.08 2.39 247.2 319 55.12 488038 4609329 

BLAST FCE D CASTHOUSE/FUG 187.14 18.90 1.56 47.2 533 24.70 488203 4609371 
BLAST FURNACE C STOVES 187.15 61.26 3.48 151.1 519 15.89 488244 4609339 
BLAST FURNACE D STOVES 187.14 61.26 3.59 151.1 519 14.93 488229 4609496 

BLAST FCE C CASTHOUSE/FUG 187.14 18.90 1.56 47.2 533 24.70 488203 4609371 
STEELMAKING HMD STATION #1 187.14 25.91 2.05 42.7 305 12.95 488512 4609936
STEELMAKING HMD STATION #2 187.14 25.91 3.04 42.7 305 5.89 488542 4609936
STEELMAKING VESSELS #1 & #2 187.15 24.99 6.02 160.7 325 5.65 488544 4609957 

STEELMAKING VESSEL #3 187.15 11.58 6.71 93.4 332 2.64 488555 4610037 
STEELMAKING FM BOILER 187.15 67.66 1.99 5.6 478 1.79 488690 4609918
HOT STRIP FURNACE #1 187.14 41.45 4.30 402.5 811 7.06 489030 4609212 
HOT STRIP FURNACE #3 187.14 41.45 3.97 109.0 811 8.81 489063 4609212 
HOT STRIP FURNACE #2 187.14 41.45 4.30 102.0 811 7.02 489046 4609212 

160" PLATE MILL FURNACE #1 187.14 54.25 3.10 33.0 673 4.37 489014 4609043 
160" PLATE MILL FURNACE #2 187.14 54.25 3.10 33.0 693 4.09 489035 4609043 
160" PLATE MILL FURNACE #5 187.14 39.92 1.95 37.3 783 12.48 489054 4609039 

160" PLATE MILL FURNACES 6 & 7 187.14 32.92 2.24 39.3 783 9.99 489042 4608914 
160" PLATE MILL FURNACE #8 187.14 50.90 1.74 7.1 673 2.99 489042 4608894

110 PLATE MILL FURNACES 1 & 2 187.14 54.56 4.44 33.0 838 2.13 489030 4608811 
STEELMAKING HMD STATION #3 187.14 25.91 2.05 42.7 305 12.95 488601 4609962

110" Plate Mill Normalizing Fce 187.14 45.72 1.92 12.4 505 4.27 489801 4608431 
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Table 2-3 Burns Harbor Facility Baseline Emission Rates - Plant-wide Maximum Emission Day 

Stack Description(2) 
Peak 24-Hour 

Emissions (g/s) Volume Source Description(1) 
Model Inputs (g/s)

SO2 NOx 

SO2 NOX Blast Furnace C Slag Pit 3.28 0.00
POWER STATION Boiler Nos 7-12 218.31 162.49 Blast Furnace D Slag Pit 2.85 0.00 

#1 COKE BATTERY PUSHING 1.38 0.25 Steelmaking Fugitives 0.37 0.99 
#1 COKE BATTERY UNDERFIRE 61.34 81.30

#2 COKE BATTERY PUSHING 1.39 0.25
#2 COKE BATTERY UNDERFIRE 64.26 4.65

SINTER WINDBOX STACK* 25.20 37.31
BLAST FCE D CASTHOUSE/FUG 0.00 1.02

BLAST FURNACE C STOVES 29.20 3.44
BLAST FURNACE D STOVES 32.28 3.28

BLAST FCE C CASTHOUSE/FUG 0.00 0.99
STEELMAKING HMD STATION #1 0.30 0.02
STEELMAKING HMD STATION #2 0.30 0.02
STEELMAKING VESSELS #1 & #2 0.15 2.54

STEELMAKING VESSEL #3 0.08 1.53
STEELMAKING FM BOILER 0.00 0.43
HOT STRIP FURNACE #1 4.23 5.97
HOT STRIP FURNACE #3 0.00 6.09
HOT STRIP FURNACE #2 4.29 6.14

160" PLATE MILL FURNACE #1 3.23 1.89
160" PLATE MILL FURNACE #2 3.31 1.83
160" PLATE MILL FURNACE #5 0.00 0.00

160" PLATE MILL FURNACES 6 & 7 0.00 0.00
160" PLATE MILL FURNACE #8 0.00 0.00

110 PLATE MILL FURNACES 1 &2 0.00 0.00
STEELMAKING HMD STATION #3 0.26 0.02

110" Plate Mill Normalizing Fce 0.00 0.00

(1) Total emission from the volume sources were added to the Power Station Source when modeled.  Production data frequency is
monthly for all volume sources

(2) Fuel use and production data record frequency is same as that shown in Table 2-1.
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Table 2-4 Combustion Unit Emission Factors Used In Emissions Calculations 

Sulfur Dioxide 

Fuel Emission Units SO2 Emission Factor 
(lb/MMBTU) Source of Emission Factor 

Blast Furnace Gas 

All Units 

0.13 Based on stack test used as basis for annual emission 
fees reporting 

Coke Oven Gas Varies from 1.088 to 1.395 Semi-annual testing of No. 2 Coke Battery Underfiring 
Stack when combusting coke oven gas 

Natural Gas 0.0006 AP-42, External Combustion 

Oxides of 
Nitrogen 

Fuel Emission Units NOx Emission Factor 
(lb/MMBTU) Source of Emission Factor 

Blast Furnace Gas All Units Except 
Coke Battery 

Underfiring and Hot 
Strip Mill Reheat 

Furnaces 

0.0100 ISG Indiana Harbor test of No. 7 Boiler Stack on 5/11/04 

Coke Oven Gas 0.1367 FIRE database [SCC 10200707] 

Natural Gas 0.1373 AP-42, External Combustion, Table 1.4-1, Low-NOx 
Burners. Converted from lb/MMscf using 1020 BTU/scf. 

Fuel Emission Units NOx Emission Factor (lb/MMcf) Source of Emission Factor 
Blast Furnace Gas 

No. 1 Coke Battery 
Underfiring 

168.50 Average of 1995 & 2000 Burns Harbor Stack Tests 
Coke Oven Gas 987 Average of 1995 & 2000 Burns Harbor Stack Tests 

Natural Gas NA NA 
Blast Furnace Gas 

No. 2 Coke Battery 
Underfiring 

NA NA
Coke Oven Gas 60.57 2000 Burns Harbor Stack Test 

Natural Gas NA NA 
Coke Oven Gas Hot Strip Mill 

Reheat Fce. Nos. 1 
,2 & 3 

82.07 
2/14/06 Burns Harbor Stack Test 

Natural Gas 143.14 
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Table 2-5 Process Unit Emission Factors Used In Emissions Calculations

Source Pollutant 

Emissi
on 

Factor 
Uncont
rolled 

Units 

Capture 
Efficiency 
(Control 
Device) 

Control 
Efficiency 
(Control 
Device) 

Controlled 
Emission 

Factor 
(lb/unit) 

Source of Emission Factor 

HMD Station Nos. 1, 
2 & 3 Baghouse 
Stack Emissions 

NOx 
0.0010

0 lbs/ton HM 98.00% 0.00% 0.00098 BH Test Data (HMD/transfer/skimming) 8/13/02 Stack Test @ #2 HMD 

SO2 
0.0140

0 lbs/ton HM 98.00% 0.00% 0.01372 BH Test Data (HMD/transfer/skimming) 8/13/02 Stack Test @ #2 HMD 

BOF Nos. 1 & 2 
(refining/blow) Stack 
Primary Emissions 

NOx 
0.0540

0 lbs/ton steel 99.80% 0.00% 0.05389 BH Test 9/29/93-10/14/93 

SO2 
0.0060

4 lbs/ton steel 99.80% 50.00% 0.00302 BH 4/7/05 Test 

BOF No. 3 
(refining/blow) Stack 
Primary Emissions 

NOx 
0.0540

0 lbs/ton steel 99.99% 0.00% 0.05399 BH Test 9/29/93-10/14/93 

SO2 
0.0060

4 lbs/ton steel 99.99% 50.00% 0.00302 BH 4/7/05 Test 
Ladle Treatment 

Station (LTS) Nos. 4 
& 5 BH Stack 

Emissions 

NOx 
0.0030

0 lbs/ton steel 99.99% 0.00% 0.00300 
ArcelorMittal Indiana Harbor f/k/a Inland 2001 Emission Inv 2BOF Ladle 
Metallurgy 

SO2 
0.0250

0 lbs/ton steel 99.99% 0.00% 0.02500 
ArcelorMittal Indiana Harbor f/k/a Inland 2001 Emission Inv 2BOF Ladle 
Metallurgy 

Steel Ladle Desulf 
Station Nos. 2 & 3 

BH Stack Emissions 
SO2 0.0024

5 lbs/ton steel 90.00% 0.00% 0.00221 Same SO2 emitted/steel sulfur conc. as HMD 

Vacuum Degasser 
Process Flare Stack 

Emissions NOx 
0.0001

5 lbs/ton steel 100.00% 0.00% 0.00015 USS Gary Works 1998 Application for RH Vacuum Degasser 

Coke Battery No. 1 
Pushing 

NOx N/A lbs/ton coal N/A N/A 0.01900 AP-42 Table 12.2-9 
SO2 N/A lbs/ton coal N/A N/A 0.09800 AP-42 Table 12.2-9 

Coke Battery No. 2 
Pushing 

NOx N/A lbs/ton coal N/A N/A 0.01900 AP-42 Table 12.2-9 
SO2 N/A lbs/ton coal N/A N/A 0.09800 AP-42 Table 12.2-9 

BF C Slag Pit SO2 
0.0850

0 lbs/ton HM 100.00% 0.00% 0.08500 USS Gary Works and Mittal Indiana Harbor West SIP Model 

BF D Slag Pit SO2 
0.0850

0 lbs/ton HM 100.00% 0.00% 0.08500 USS Gary Works and Mittal Indiana Harbor West SIP Model 

Sinter Plant Windbox NOx N/A 
lbs/ton 
sinter N/A N/A 0.66700 BH 1/8/97 Test 

SO2 N/A lbs/hr N/A N/A 200 Engineering Estimate based on stack sampling in 2008*

* Engineering evaluation in 2008 confirmed that Sinter Plant Windbox Scrubber properly operated sustained SO2 emissions below 200 lb./ ton.



3.0   Meteorological Data 

This section discusses refinements to Lake Michigan Air Directors Consortium (LADCO) and Midwest 
Regional Planning Organization (MWRPO) meteorological database that were used for the Burns Harbor 
facility BART modeling.   

3.1 Elements of the Refined Analysis 
ENSR refined the CALMET meteorological data produced by LADCO/MWRPO for BART CALPUFF analyses 
for Midwestern States.  The CALMET database derived by LADCO/MWRPO has a domain that covers 
approximately a 3,492 km (east-west) by 3,240 km (north-south) area with a 36-km grid resolution.  This area 
covers the entire continental United States east of the Rocky Mountains, but its large size limits the horizontal 
resolution of each grid element to 36 km.  This coarse grid resolution can be deemed appropriate for a 
screening-level analysis, but it would not be considered appropriate for a more refined analysis. 

ENSR developed a refined meteorological database that would include a modeling domain encompassing the 
four Class I areas (Seney, Mingo, Mammoth, and Isle Royale), the Burns Harbor facility, and the appropriate 
buffers around the source and Class I areas for puffs recirculation.  This domain covers approximately a 1,002 
km (east-west) by 1,374 km (north-south) area, has a grid resolution of 6 km (6 times more resolved than the 
LADCO/MWRPO database in both east-west and north-south directions), and contains 10 vertical levels.  The 
refined database utilizes the same MM5 databases that were used to develop the LADCO/MWRPO 36-km 
CALMET database. 

In addition to the use of consistent MM5 databases with the LADCO-developed meteorological data, ENSR 
utilized similar model switches/settings, when appropriate, that were used to develop the LADCO/MWRPO 
CALMET database.  To improve the database even further, ENSR introduced actual surface, precipitation, and 
twice-daily upper air sounding observations into the refined meteorological database.  These improvements in 
the CALMET database provide more accurate plume trajectories from the Burns Harbor facility to the distant 
Class I areas. 

In addition, ENSR used the latest EPA-approved versions of CALMET (Version 5.8) and CALPUFF (Version 
5.8), rather than the “old” EPA-approved versions suggested in the MWRPO BART common protocol 
(available at http://www.state.in.us/idem/programs/air/workgroups/regionalhaze/docs/BART_protocol.pdf). 

3.2 CALMET Processing 
ENSR used refined 6-km grid spacing for the CALMET and CALPUFF models.  The modeling domain was 
based on a 100 km buffer around the source and a 50 km buffer around each of the four Class I areas plus an 
additional buffer to the east and to the west to account for puffs recirculation.  The modeling domain is shown 
in Figure 3-1.  This design allows for a 1,002 km (east-west) x 1,374 km (north-south) domain extent and, at a 
6-km resolution, there are 167 x 229 horizontal grid cells.

Due to the size of the modeling domain, a Lambert Conformal Conic (LCC) coordinate system was used to 
account for the curvature of the Earth’s surface.  The LCC projection for this analysis was based on the NAS-C 
datum and standard parallels of 33 and 45 degrees North, with an origin of 40 degrees North and 97 degrees 
West. 

ENSR used the latest EPA-approved version of CALMET (Version 5.8, Level 070623) to produce three-
dimensional wind fields for three years (2002-2004).  Advanced meteorological data in the form of prognostic 
mesoscale meteorological data, such as the Fifth Generation Mesoscale Model (MM5), were used to provide a 
superior estimate of the initial wind fields.  This application considered 3 years (2002-2004) of prognostic MM5 
meteorological data at a 36-km resolution.   
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• 2002 MM5 data set at 36 km resolution provided by CENRAP;

• 2003 MM5 data set at 36 km resolution provided by Midwest RPO;

• 2004 MM5 data set at 36 km resolution provided by Midwest RPO.

These databases are consistent with those used by LADCO/MWRPO for their BART assessments. 

These prognostic meteorological data sets were combined with the 6-km grid resolution terrain and land use 
data to more accurately characterize the wind flow throughout the modeling domain.  The gridded terrain data 
was derived using several data sources because the modeling domain extends into Canadian territory.  The 
U.S. Geological Survey (USGS) 90-meter grid spacing Digital Elevation Model (DEM) files were combined with 
the 100-meter grid spacing Canadian DEM files and the 90-meter spacing Shuttle RADAR Topo Mission files.  
These files were processed in the TERREL pre-processor program.  The gridded land use data was derived 
from USGS 1:250,000 Composite Theme Grid land use files.  

The Step 2 wind fields were produced using the input of all available National Weather Service (NWS) hourly 
surface and twice-daily upper air balloon sounding data within and just outside the modeling domain.  Hourly 
surface data from both first-order and second-order stations also were considered in this analysis.  Other 
sources of meteorological data such as CASTNET data and buoy stations were used to supplement areas 
lacking NWS or second-order data.  Hourly precipitation data from stations within and just outside of the 
modeling domain were taken from a National Climatic Data Center data set.  Figure 3-2 shows the 
meteorological stations that were used in the CALMET modeling and Appendix A provides their names and 
locations. 

The non-default user-defined settings proposed for the CALMET processing are provided in Table 3-1. 

Table 3-1 CALMET User-Defined Fields Not Specified in IWAQM Appendix A 

Variable Description Value

NX Number of east-west grid cells 167 
NY Number of north-south grid cells 229 
DGRIDKM Meteorology grid spacing (km) 6.0 
NZ Number of Vertical layers of input meteorology 10 
ZFACE Vertical cell face heights (m) 0.,20.,40.,80.,160.,300.,600.,1

000.,1500.,2000.,3500. 
RMAX1 Max surface over-land extrapolation radius (km) 40 
RMAX2 Max aloft over-land extrapolation radius (km) 40 
RMAX3 Maximum over-water extrapolation radius (km) 100 
TERRAD Radius of influence of terrain features (km) 15 
R1 Relative weight at surface of Step 1 field and obs 5 
R2 Relative weight aloft of Step 1 field and obs 5 
IUPT Station for lapse rates International Falls, MN 
IPROG Gridded initial prognostic wind field – MM4/MM5 data 14 
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Figure 3-1 Burns Harbor CALMET and CALPUFF Modeling Domain 
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Figure 3-2 Location of Meteorological Stations used in CALMET Processing 



4.0   CALPUFF Modeling 

This section provides a summary of the modeling procedures that were used for the refined CALPUFF 
analysis conducted for the Burns Harbor facility. 

4.1 CALPUFF Modeling Domain and Receptors 
ENSR used the latest EPA-approved version of CALPUFF (Version 5.8, Level 070623) that has been posted 
at http://www.src.com/calpuff/download/download.htm#EPA_VERSION.   

The extent of the CALMET/CALPUFF modeling domain are shown in Figure 3-1.  The modeling domain 
included a 100 km buffer around the source and a 50 km buffer around each of the four Class I areas plus an 
additional buffer to the east and to the west to account for puffs recirculation.  This design allows the modeling 
domain to extend 1,002 km east-west and 1,374 km north-south and have a 6-km grid element size. 

The receptors for each of the Class I areas were based on the National Park Service database of Class I 
receptors. 

4.2 Technical Options Used in the Modeling 
For CALPUFF model technical options, inputs and processing steps, Burns Harbor followed the MWRPO 
common BART protocol.   

For CALPUFF modeling, ENSR used seasonal ozone and ammonia ambient background concentrations that 
are consistent with the MWRPO common BART modeling protocol.  For convenience, there values are listed 
in Table 4-1. 

Table 4-1 MWRPO Ozone and Ammonia Seasonal Concentrations 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

O3 (ppb) 31 31 31 37 37 37 33 33 33 27 27 27 

NH3 (ppb) .3 .3 .3 .5 .5 .5 .5 .5 .5 .5 .5 .5 

Due to the large distance to the nearest Class I area, building downwash effects were not included in the 
CALPUFF modeling.   

4.3 Natural Conditions and Monthly f(RH) at Class I Areas 
There are four Class I areas to be modeled for the Burns Harbor facility.  For these Class I areas, natural 
background conditions must be established in order to determine a change in natural conditions related to a 
source’s emissions.   

For BART analyses, EPA has chosen to accept either the annual average or 20% best day’s natural 
background for BART exemption and determination modeling analyses.  Regional Planning Organization(s) 
(RPOs) have provided guidance to states within their RPOs on what values to accept, which typically has 
varied based on the degree of the meteorological database refinement.  Since MWRPO uses the 36-km 
database with no observations, as a measure of conservatism, MWRPO/LADCO recommended to states that 
the 20% best day’s background be incorporated into the analysis as opposed to the annual average.  This 
conservative approach compensated for the inaccuracy of the 36-km meteorological data in no-obs mode. 
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Model refinements to improve accuracy reduce the need for conservative background assumptions.  For 
instance, Wisconsin, a MWRPO state, has stated that they would allow sources to use the annual average 
background with the 98th percentile day as opposed to the 20% best days if a site-specific meteorological 
database is developed.   

In addition, states within the VISTAS RPO* have uniformly decided to allow sources to use the annual average 
background coupled with the 98th percentile day when refined meteorological data (that incorporates 
observations) is used as input to the BART CALPUFF runs.  This procedure was approved by EPA Region 4.  
To conduct the BART modeling, VISTAS, like the MWRPO, developed its own coarse no-obs 12-km resolution 
CALMET meteorological database covering all VISTAS states and Class I areas within 300 km.  The 12-km 
CALMET meteorological data was used in the modeling analyses as a screening step to exempt BART eligible 
sources that, based on modeling, did not cause or contribute to visibility impairment (i.e. according to the 
BART rule did not have impacts greater than 0.5 dv).VISTAS also developed a more refined 4-km resolution 
CALMET databases that covered a sub-set of the large 12-km grid.  These databases were able to be used in 
refined BART modeling analyses along with the annual average background.  To ENSR’s knowledge, all 
VISTAS states have accepted the use of the annual average background. 

Burns Harbor used refined meteorological database with a finer grid resolution (6-km) and introduced surface 
observations.  In addition, ENSR used the annual average background while evaluating BART exemption 
based on the source’s impacts at the 98th percentile day.  This procedure is consistent with the modeling 
approach taken by other eastern states and consistent with Wisconsin’s approach within the MWRPO. 

For the modeling described in this document, ENSR used the annual average natural background 
concentrations shown in Table 4-2, modified as noted below with site-specific considerations (as shown in 
Table 4-3), and corresponding to the annual average natural background concentrations (EPA 2003, Appendix 
B).   

To determine the input to CALPOST, it is first necessary to convert the deciviews to extinction using the 
equation: 

Extinction (Mm-1) = 10 exp(deciviews/10). 

For example, for Mingo, 7.43 deciviews is equivalent to an extinction of 21.02 inverse megameters (Mm-1); this 
extinction includes the default 10 Mm-1 for Rayleigh scattering.  This remaining extinction is due to naturally 
occurring particles, and is held constant for the entire year’s simulation.  Therefore, the data provided to 
CALPOST for Mingo would be the total natural background extinction minus 10 (expressed in Mm-1), or 11.02.  
This is most easily input as a fine soil concentration of 11.02 μg/m3 in CALPOST, since the extinction 
efficiency of soil (PM-fine) is 1.0 and there is no f(RH) component.  The concentration entries for all other 
particle constituents would be set to zero, and the fine soil concentration would be kept the same for each 
month of the year.  The monthly values for f(RH) that CALPOST needs were taken from "Guidance for 
Tracking Progress Under the Regional Haze Rule" (EPA, 2003) Appendix A, Table A-3. 

* The VISTAS states include: Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina,
Tennessee, Virginia, and West Virginia.
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Table 4-2  Annual Average Natural Background Concentrations 

Component Represented Isle Royale Mammoth Cave Mingo Seney 

Soil (PM fine) (deciview) 7.38 7.69 7.43 7.53 

Soil (PM fine) (Mm-1 or μg/m3) 20.92 21.58 21.02 21.23

* Extinction values include Rayleigh scattering.

Table 4-3  New IMPROVE Equation Background Sea Salt Concentration and Site-specific Rayleigh 
Scattering Coefficient 

Parameter Isle Royale Mammoth 
Cave Mingo Seney

Sea Salt Concentration (μg/m3) 0.03 0.02 0.01 0.02

Rayleigh Scattering Coefficient 
(Mm-1) 12 11 12 12

Note: Data taken from VIEWS website (http://vista.cira.colostate.edu/views/) 

4.4 Light Extinction and Haze Impact Calculations 
The CALPOST postprocessor was used for the calculation of the impact from the modeled source’s primary 
and secondary particulate matter concentrations on light extinction.  The formula that is used is the existing 
IMPROVE/EPA formula, which is applied to determine a change in light extinction due to increases in the 
particulate matter component concentrations.  Using the notation of CALPOST, the formula is the following: 

bext = 3 f(RH) [(NH4)2SO4] + 3 f(RH) [NH4NO3] + 4[OC] + 1[Soil] + 0.6[Coarse Mass] + 10[EC] + bRay 

The concentrations, in square brackets, are in μg/m3 and bext is in units of Mm-1.  The Rayleigh scattering term 
(bRay) has a default value of 10 Mm-1, as recommended in EPA guidance for tracking reasonable progress 
(EPA, 2003a). 

Dr. Ivar Tombach, consultant to VISTAS, has provided a spreadsheet calculation system (see Appendix B) 
that incorporates the revised IMPROVE equation (also documented in Appendix B) for determining light 
extinction from particulate concentration estimates.  We used this approach instead of the old/current 
IMPROVE equation in the presentation of the BART modeling.  The Fish & Wildlife Service, who administer 
the Seney and Mingo Wilderness Areas, have previously communicated to ENSR (2006) that they approve of 
Dr. Tombach’s procedure for implementing the new IMPROVE equation, and that this equation may be used 
for regional haze assessments with this approach.  Notably, the Federal Land Managers associated with the 
US Fish and Wildlife Service recently approved the use of the new IMPROVE equation at Seney Wilderness 
(as implemented here using Dr. Tombach’s procedures) for a PSD permit application in Michigan. 

The new IMPROVE equation is fundamentally different in 3 major areas (taken from Ivar Tombach’s 
“Instructions: A Postprocessor for Recalculating CALPOST Visibility Outputs with the New IMPROVE 
Algorithm”):  
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(1) The extinction efficiencies of sulfates, nitrates, and organics have been changed and are now
functions of their concentrations. The extinction efficiencies of sulfate and nitrate are no longer
identical, although the new hygroscopic scattering enhancement factors applied to them are the same.

(2) The contribution of fine sea salt to light extinction has been added, and is accompanied by its own
hygroscopic scattering enhancement factor, fss(RH).

(3) The light scattering by air itself (Rayleigh scattering) now varies with site elevation and mean
temperature. It is to be rounded off to the nearest one Mm-1 when used with the new algorithm.

States and other RPOs have allowed sources to use the new IMPROVE equation as opposed to the 
IMPROVE equation algorithms that are currently coded into CALPOST because these differences (noted 
above) represent a real improvement over how the old/current IMPROVE equation calculates light extinction. 
ENSR used the new IMPROVE equation for the light extinction calculations in this refined BART analysis 
using the guidance provided by Dr. Ivar Tombach.  Table 4-3 lists sea salt concentrations and Rayleigh 
coefficients that were used as input to the new IMPROVE equation. 

In addition to using the new IMPROVE equation, the assessment of visibility impacts at the Class I areas used 
CALPOST Method 6 (as standard with all BART applications).  Each hour’s source-caused extinction is 
calculated by first using the hygroscopic components of the source-caused concentrations, due to ammonium 
sulfate and nitrate, and monthly Class I area-specific f(RH) values.  The contribution to the total source-caused 
extinction from ammonium sulfate and nitrate is then added to the other, non-hygroscopic components of the 
particulate concentration (from coarse and fine soil, secondary organic aerosols, and from elemental carbon) 
to yield the total hourly source-caused extinction.   



5.0    Modeling Results 

The BART exemption modeling results at the four Class I areas using the maximum emissions by emission 
unit are provided in Table 5-1.  Table 5-2 provides the results of the more realistic modeling using the 
maximum plant-wide emission days. Both tables indicate that the 8th highest day’s impacts for each year are 
below the 0.5 delta-deciviews threshold.  These results demonstrate that the ArcelorMittal Burns Harbor 
emissions do not cause or contribute to regional haze in any of these four Class I area.  Therefore, Burns 
Harbor facility is not subject to BART and no further BART analysis is required.   

Table 5-1 BART Exemption Modeling Results - Maximum by Emission Unit 

Class I Area 

2002 2003 2004
Days > 

than MAX 
Δ dv 

8th 
Highest 
Δ dvt 

Days > 
than MAX 

Δ dv 

8th 
Highest 
Δ dv 

Days > 
than MAX 

Δ dv 

8th 
Highest 
Δ dvt 0.5   

Δ dv 
1.0   
Δ dv 

0.5   
D dv

1.0   
D dv

0.5   
D dv 

1.0   
D dv 

MVISBK=6, Annual Average Background, 6-km CALMET, New IMPROVE Equation 

Isle Royale 
National Park 0 0 0.220 0.083 2 0 0.601 0.117 2 0 0.615 0.163 

Mammoth 
Cave National 
Park 

2 0 0.898 0.351 3 0 0.674 0.333 1 0 0.658 0.218 

Mingo 
Wilderness 3 0 0.705 0.199 1 0 0.559 0.224 0 0 0.414 0.181 

Seney 
Wilderness 4 0 0.750 0.346 4 1 1.165 0.375 7 1 1.030 0.464 

Table 5-2 BART Exemption Modeling Results - Plant-wide Maximum Emission Day 

Class I Area 

2002 2003 2004
Days > 

than MAX 
Δ dv 

8th 
Highest 
Δ dvt 

Days > 
than MAX 

Δ dv 

8th 
Highest 
Δ dv 

Days > 
than MAX 

Δ dv 

8th 
Highest 
Δ dvt 0.5   

Δ dv 
1.0   
Δ dv 

0.5   
D dv

1.0   
D dv

0.5   
D dv 

1.0   
D dv 

MVISBK=6, Annual Average Background, 6-km CALMET, New IMPROVE Equation 

Isle Royale 
National Park 0 0 0.188 0.069 2 0 0.533 0.099 2 0 0.542 0.143 

Mammoth 
Cave National 
Park 

2 0 0.789 0.300 2 0 0.574 0.287 1 0 0.563 0.185 

Mingo 
Wilderness 2 0 0.629 0.170 0 0 0.474 0.189 0 0 0.352 0.155 

Seney 
Wilderness 2 0 0.675 0.297 2 0 1.027 0.332 6 0 0.914 0.405 
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Appendix A 

Meteorological Stations used in CALMET Processing 
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Table A-1 Surface Stations used in CALMET Processing 
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Table A-1 Surface Stations used in CALMET Processing 
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Table A-1 Surface Stations used in CALMET Processing 



Table A-2 Upper Air Stations used in CALMET Processing 

Table A-3 Buoy Stations used in CALMET Processing 

 August 2008 BART Report ArcelorMittal Burns Harbor LLC 
12591-001-0600 



Table A-4 Precipitation Stations used in CALMET Processing 
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Table A-4 Precipitation Stations used in CALMET Processing 
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Table A-4 Precipitation Stations used in CALMET Processing 



Appendix B 

Re-Calculating CALPOST Visibility Outputs with the New IMPROVE 
Algorithm 
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Appendix C 

Indiana Harbor West Four Factor Analysis Submittal 
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