
 

 

 

 

 

 

 

Attachment D 

 

ALCOA Modeling Report 

for the 1-hour SO2 Data Requirements Rule 
 

  





Modeling Report for the 1-hour SO2 Data 
Requirements Rule 
Alcoa Warrick Operations, Warrick Power Plant, and Culley Generating Station 

Alcoa Warrick LLC 
Newburgh, Indiana 

Project Number: 60537431.2 

October 2017 



Modeling Report for the 1-hour SO2 Data Requirements Rule: Alcoa Warrick Operations i 

Prepared for:  Alcoa Warrick LLC  AECOM 
October 2017 

Quality information 

Prepared by Checked by Approved by 

Adrienne Kieldsing 
Air Quality Scientist 

Robert J. Paine 
Associate Vice President, Air 
Quality 

Brian L. Stormwind 
Manager, Air Quality Engineering 
& Studies 

Prepared for: 

Alcoa Warrick LLC  
Newburgh, Indiana 

Prepared by: 

Adrienne Kieldsing 
Air Quality Scientist 
T: 978.905.2271 
E: Adrienne.Kieldsing@AECOM.com 

 AECOM 
250 Apollo Drive 
Chelmsford, 
MA, 01824 
USA 
www.aecom.com  

Copyright © 2017 by AECOM 



Modeling Report for the 1-hour SO2 Data Requirements Rule: Alcoa Warrick Operations ii 

Prepared for:  Alcoa Warrick LLC  AECOM 
October 2017 

Table of Contents 

1. Introduction and Summary ............................................................................................................... 1-1

1.1 Background ............................................................................................................................ 1-1 
1.2 Summary of Modeling Results ............................................................................................... 1-1 
1.3 Document Organization ......................................................................................................... 1-1 

2. Description of Warrick County SO2 Emission Sources .................................................................... 2-2
2.1 Alcoa Smelter – Warrick Operations ..................................................................................... 2-2 
2.2 Warrick Power Plant .............................................................................................................. 2-4 
2.3 Culley Power Plant ................................................................................................................ 2-4 

3. Dispersion Modeling Approach ........................................................................................................ 3-1
3.1 Use of AERMOD in Rural Mode for Most Sources ................................................................ 3-1 
3.2 Use of AERMOD in Urban Mode for Alcoa Smelter .............................................................. 3-1 
3.3 Building Downwash Treatment for Smelter Sources ............................................................. 3-2 

4. Background Sources and Regional Background ............................................................................. 4-1

4.1 Emission Sources Outside Warrick County ........................................................................... 4-1 
4.2 Regional Background from Area Monitor .............................................................................. 4-1 

5. Modeling Procedures ....................................................................................................................... 5-1

5.1 Alcoa’s Site-Specific Model ................................................................................................... 5-1 
5.2 Meteorological Processing .................................................................................................... 5-2 
5.2.1 Meteorological Processing: AERMET ................................................................................... 5-2 
5.2.2 Meteorological Processing: Surface Characteristics ............................................................. 5-2 
5.3 Good Engineering Practice Stack Height Analysis ................................................................ 5-4 
5.4 Receptors .............................................................................................................................. 5-5 

6. Results of SO2 Characterization Modeling Analysis ........................................................................ 6-1

List of Figures 
Figure 2-1: Alcoa SO2 Sources, Hot Smelter Process Areas, and Surrounding Areas ........................... 2-6 
Figure 3-1: Satellite Photo of the Area within 3 km of the Alcoa Operations, WPP, and Culley .............. 3-3 
Figure 4-1: Sources to be Included in the Modeling ................................................................................ 4-3 
Figure 5-1: Visible and Infrared Imagery of Potline Area at an Aluminum Smelter .................................. 5-7 
Figure 5-2: Depiction of Stack Merging for Potlines 2, 5, and 6 .............................................................. 5-8 
Figure 5-3: Depiction of Stack Merging for the Aluminum Smelter Stacks .............................................. 5-9 
Figure 5-4: 1-km Radius Around the Current Location of Evansville, IN Airport Meteorological Tower with 
Surface Roughness Sectors Shown Over a 2016 Aerial Photo ............................................................... 5-10 
Figure 5-5: 1-km Radius Around the Evansville, IN Airport Meteorological Tower with Surface Roughness 
Sectors Shown Over a 2010 Aerial Photo ................................................................................................ 5-11 
Figure 5-6: 1-km Radius Around the Evansville, IN Airport Meteorological Tower with Surface Roughness 
Sectors Shown Over a 1992 Aerial Photo (Courtesy of Google Earth) ................................................... 5-12 
Figure 5-7: 1-km Radius Around the Evansville, IN Airport Meteorological Tower with Surface Roughness 
Sectors Shown Over the 1992 Land Cover Map ..................................................................................... 5-13 
Figure 5-8: Receptor Grid Used for Modeling (Zoom-Out View) ........................................................... 5-14 
Figure 5-9: Receptor Grid Used for Modeling (Zoom-In View) .............................................................. 5-15 
Figure 6-1: SO2 99th Percentile Peak Daily 1-hour Maximum Concentrations Isopleth Map ......................... 6-2 
Figure 6-2: SO2 99th Percentile Peak Daily 1-hour Maximum Concentrations Zoomed Out Isopleth Map ..... 6-3 



Modeling Report for the 1-hour SO2 Data Requirements Rule: Alcoa Warrick Operations iii 

Prepared for:  Alcoa Warrick LLC  AECOM 
October 2017 

List of Tables 
Table 2-1: Typical Exhaust Parameters for Alcoa Warrick Smelter SO2 Point Sources, Not Merged .... 2-3 
Table 2-2: Typical Exhaust Parameters for Alcoa Warrick Smelter SO2 Point Sources, Merged Stacks2-3 
Table 2-3: Typical Exhaust Parameters for Alcoa Warrick Smelter Buoyant Line Sources .................... 2-4 
Table 2-4: Typical Exhaust Parameters for Warrick Power Plant SO2 Point Sources ............................ 2-4 
Table 2-5: Typical Exhaust Parameters for Culley Power Plant SO2 Point Sources .............................. 2-5 
Table 4-1: Background Sources Included in the Modeling ..................................................................... 4-1 
Table 4-2: Evansville-Buena Vista Monitored SO2 Background Concentrations (µg/m3) ....................... 4-2 
Table 5-1: AERSURFACE Bowen Ratio Condition Designations .......................................................... 5-4 
Table 6-1: 1-hour SO2 Modeling Results ................................................................................................ 6-1 



Modeling Report for the 1-hour SO2 Data Requirements Rule: Alcoa Warrick Operations 1-1 

Prepared for:  Alcoa Warrick LLC  AECOM 
October 2017 

1. Introduction and Summary

1.1 Background 

The United States Environmental Protection Agency (EPA) promulgated a 1-hour National Ambient Air 
Quality Standard (NAAQS) for SO2 in 2010.  The 1-hour SO2 NAAQS is set to 75 ppb and the form of the 
standard is the average of the 99th percentile of the daily maximum 1-hour average concentrations 
realized in each of three consecutive calendar years (the “design value,” or DV). 

The EPA is implementing the 2010 1-hour SO2 NAAQS in an approach that involves either a dispersion 
modeling or monitoring approach to characterize local SO2 concentrations near isolated emission 
sources.  EPA’s Data Requirements Rule (DRR) was finalized on August 21, 2015 and two sources in 
Indiana that are subject to the DRR provisions are the Alcoa Warrick aluminum smelter and the adjacent 
Alcoa Warrick Power Plant, since both of these facilities have had annual SO2 emissions in excess of 
2,000 tons in recent operating years.  Indiana elected, and Alcoa agreed, that the appropriate approach to 
characterize SO2 concentrations in the vicinity of its facilities in Warrick County is modeling.  The 
modeling approach has been guided, in part, by the results of an SO2 monitoring field study conducted 
during portions of 2015 and 2016 in the vicinity of these sources which has indicated SO2 concentrations 
well below the NAAQS.  This study has supported a site-specific characterization of the smelter sources 
(while not altering the guideline model, AERMOD) for this modeling application, and it employs new 
modeling approaches recently promulgated in 2017 with Appendix W (EPA’s modeling guideline).  The 
modeling procedures are described in a modeling protocol1 submitted in September 2017 to the Indiana 
Department of Environmental Management (IDEM) and EPA. 

This document describes the results of the DRR modeling that characterize the SO2 concentrations in the 
vicinity of the Alcoa facilities.  In an appendix to the separately-submitted protocol1, we provided the 
results of an evaluation of the modeling approach using the recently-collected field data at 4 monitors in 
the vicinity of the Alcoa sources to support the modeling approach used in this analysis.   

1.2 Summary of Modeling Results 

AECOM modeled Alcoa’s Warrick aluminum smelter and the adjacent Alcoa Warrick Power Plant as well 
as cumulative background sources within 50 kilometers of the Alcoa Warrick operations for the 1-hour 
SO2 Data Requirements Rule (DRR).  The background sources included the nearby Culley Power Plant 
and other regional emission sources provided by IDEM.  The modeled maximum design concentration is 
189.7g/m3, which is below the NAAQS of 196.5 g/m3.  This modeled impact occurs along the eastern 
fence line.  A secondary modeled maximum concentration region of 185.2 g/m3 occurs along the 
northern fence line.  These peak modeled concentrations are very close to the monitors that were 
deployed in 2015 and 2016.   

1.3 Document Organization 

Section 2 provides a discussion of the Warrick County sources, which are the Alcoa smelter, the Warrick 
Power Plant, as well as an adjacent source (the Culley Generating Station); these sources were modeled 
with actual emissions for the period 2013-2015.  Section 3 describes the selection of the dispersion 
modeling approach for the Alcoa smelter, which is slightly different from the other sources included in the 
modeling.  The background sources and regional background used in the study are discussed in 
Section 4.  The details of the modeling procedures are discussed in Section 5.  Section 6 summarizes the 
modeling results. 

1 AECOM, 2017.  Modeling Protocol for the 1-hour SO2 Data Requirements Rule: Alcoa Warrick Operations, Warrick Power Plant, 
and Culley Generating Station.  Document Number 60537431.1.   
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2. Description of Warrick County SO2 Emission Sources

2.1 Alcoa Smelter – Warrick Operations 

Alcoa Warrick Operations is located in Warrick County Indiana, approximately 20 kilometers east-
southeast of Evansville (and the Evansville airport) on the banks of the Ohio River.  The area surrounding 
Alcoa Warrick Operations can be considered rural with mostly flat or gently sloping terrain.  The major 
SO2 sources at the smelter facility (during the modeling period of 2013-2015), besides a small fraction of 
SO2 emissions which vents through the 10 potroom building roof vents, include: 

Potline #2 Exhausted through a bank of 36 individual 14.94-m (height) stacks 
(“P02”) 

Potlines #3 & #4 Exhausted through the 60.66-m high GTC stack (“P01”) 

Potline #5 Exhausted through a bank of 36 individual 14.94-m high stacks (“P03”) 

Potline #6 Exhausted through a bank of 36 individual 14.94-m high stacks (“P04”) 

Ring Furnace Exhausted through a bank of 7 individual 22.25-m high stacks (“P05”) 

Figure 2-1 shows the locations of the major SO2 sources associated with the Alcoa Warrick Operations, 
including the P2 monitoring site.  This figure also outlines areas of processes that emit fugitive heat in the 
smelter complex. 

Typical stack exhaust parameters for use in the model performance evaluation are provided in Tables 2-1 
through 2-3 for the smelter sources.  The smelter operation sources listed in Tables 2-1 through 2-3 have 
very steady operation, inherent in the nature of the aluminum production.  Table 2-1 lists the stacks and 
associated stack parameters for the individual point sources.  Table 2-2 lists the merged stacks and 
associated parameters that were modeled with the site-specific modeling approach, discussed in 
Section 5.  The actual exit velocities and exit temperatures that were modeled for the potline stacks varied 
by month and season.  The values listed in Tables 2-1 and 2-2 are values which are based on typical 
monthly data.  The effective stack diameters listed in Table 2-2 for the potline stacks P02, P03, and P04 
are based on the merging of several individual stacks, and the effective stack diameter for the western 
ring furnace stacks P05 is also based on the merging of several individual stacks.  Table 2-3 lists the 
exhaust parameters for the smelter buoyant line sources; i.e., the potroom buildings. 

Actual monthly-averaged emissions and monthly-measured exhaust parameters were used in the 
modeling and were provided by Alcoa.  These detailed emissions and exhaust parameters are included in 
the modeling archive. 
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Table 2-1: Typical Exhaust Parameters for Alcoa Warrick Smelter SO2 Point Sources, Not 
Merged 

Index Stack Name 
Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temperature 

(K) 

P01 
Potlines #3 & #4 GTC Pollution 
Controls (1 stack) 60.66 6.10 15.49 359.7 

P02 
Potline #2 A-398 (36 individual 
stacks) 14.94 0.63 14.79 355.2

P03 
Potline #5 A-398 (36 individual 
stacks) 14.94 0.63 17.92 350.2

P04 
Potline #6 A-398 (36 individual 
stacks) 14.94 0.63 15.65 350.8

P5W1 
Ring Furnace A-446 Western 
Reactors' Stack 1 22.25 0.67 16.10 351.0 

P5W2 
Ring Furnace A-446 Western 
Reactors' Stack 2 22.25 0.67 16.10 351.0 

P5W3 
Ring Furnace A-446 Western 
Reactors' Stack 3 22.25 0.67 16.10 351.0 

P5W4 
Ring Furnace A-446 Western 
Reactors' Stack 4 22.25 0.67 16.10 351.0 

P5W5 
Ring Furnace A-446 Western 
Reactors' Stack 5 22.25 0.67 16.10 351.0 

P5W6 
Ring Furnace A-446 Western 
Reactors' Stack 6 22.25 0.67 16.10 351.0 

P5E1 
Ring Furnace A-446 Eastern Reactor 
Stack 22.25 1.17 16.10 351.0

Table 2-2: Typical Exhaust Parameters for Alcoa Warrick Smelter SO2 Point Sources, Merged 
Stacks 

Index Stack Name 
Stack 
Height 

(m) 

Effective 
Stack 

Diameter 
(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temperature 

(K) 

P01 Potlines #3 & #4 GTC Pollution Controls 60.66 6.10 15.49 359.7 

P02 Potline #2 A-398 (4 stacks) 14.94 1.89 14.79 355.2

P03 Potline #5 and #6 A-398 (6 stacks) 14.94 1.54 17.92 350.2

P04 Potline #5 and #6 A-398 (6 stacks) 14.94 1.54 15.65 350.8

P05W 

Ring Furnace A-446 Western Reactors  

(6 stacks) 22.25 1.64 16.10 351.0 

P5E1 Ring Furnace A-446 Eastern Reactor 22.25 1.17 16.10 351.0 
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Table 2-3: Typical Exhaust Parameters for Alcoa Warrick Smelter Buoyant Line Sources 

Index Source Name Release 
Height 

(m) 

Avg 
Building 
Length 

(m) 

Avg 
Building 

Width 
(m) 

Avg Line   
Source      
Width       

(m) 

Avg  
Building 

Separation 
(m) 

L01 Potline #2, Room 103 14.02 305.00 18.30 1.52 21.60 

L02 Potline #2, Room 104 14.02 305.00 18.30 1.52 21.60 

L03 Potline #3, Room 105 14.02 305.00 18.30 1.52 21.60 

L04 Potline #3, Room 106 14.02 305.00 18.30 1.52 21.60 

L05 Potline #4, Room 107 14.02 305.00 18.30 1.52 21.60 

L06 Potline #4, Room 108 14.02 305.00 18.30 1.52 21.60 

L07 Potline #5, Room 109 14.02 305.00 18.30 1.52 21.60 

L08 Potline #5, Room 110 14.02 305.00 18.30 1.52 21.60 

L09 Potline #6, Room 111 14.02 305.00 18.30 1.52 21.60 

L10 Potline #6, Room 112 14.02 305.00 18.30 1.52 21.60 

2.2 Warrick Power Plant 

Alcoa’s Warrick Power Plant (WPP) is a 742-megawatt (MW) coal-fired power plant that provides the 
power necessary to operate the aluminum smelter.  WPP’s four active coal-fired boilers were included in 
the modeling, as nearby background sources.  Units 1-3 exhaust through individual flues housed in a 
common stack, while Unit 4 exhausts through a separate stack.  All units have wet scrubber controls for 
SO2. 

Typical stack exhaust parameters used in the model performance evaluation are provided in Table 2-4. 
Actual hourly emissions and exhaust parameters were used in the modeling and were provided by Alcoa. 
These detailed emissions and exhaust parameters are included in the modeling archive. 

Figure 2-1 shows the locations of the WPP sources in relation to the Alcoa smelter sources. 

Table 2-4: Typical Exhaust Parameters for Warrick Power Plant SO2 Point Sources 

Index  Stack Name 
Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 
(m/sec) 

Exit 
Temperature 

(K) 

WPP_1-3 WPP Units 1-3 115.82 7.12 
(Merged) 

16.48 329.00 

WPP_4 WPP Unit 4 115.82 6.10 15.80 329.00 

2.3 Culley Power Plant 

The F. B. Culley Generating Station (Culley), a 369-megawatt (MW) power plant, which is located about 1 
km east-southeast of the Warrick Power Plant, was also modeled as a nearby background source due to 
its proximity and physical interconnections to Alcoa.  This plant is owned and operated by Vectren 
Corporation (formerly Southern Indiana Gas and Electric Company).  There are two units: Unit 2 (103.7 
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MW) and Unit 3 (265.2 MW); however, Unit 2 has been permanently retired.  Therefore, only Unit 3’s 
emissions were modeled in this analysis. 

Typical stack exhaust parameters for use in the model performance evaluation are provided in Table 2-5 
for Culley Unit 3.  Actual hourly emissions and exhaust parameters were used in the modeling and were 
provided by Vectren.  The detailed emissions and exhaust parameters are included in the modeling 
archive. 

Figure 2-1 shows the location of the Culley Unit 3 stack in relation to Alcoa. 

Table 2-5: Typical Exhaust Parameters for Culley Power Plant SO2 Point Sources 

Index  Stack Name 
Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 
(m/sec) 

Exit 
Temperature 

(K) 

Culley 3 Culley Unit 3 137.12 6.10 13.04 326.00 
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Figure 2-1: Alcoa SO2 Sources, Hot Smelter Process Areas, and Surrounding Areas 
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3. Dispersion Modeling Approach

3.1 Use of AERMOD in Rural Mode for Most Sources 

The choice of rural or urban for dispersion conditions at the Alcoa smelter operations, WPP, and Culley 
usually depends upon the land use characteristics within 3 kilometers of the facilities (Appendix W to 40 
CFR Part 51)2.  Factors that affect the rural/urban choice, and thus the dispersion, include the extent of 
vegetated surface area, the water surface area, types of industry and commerce, and building types and 
heights within this area. 

An Auer analysis of the area surrounding the Alcoa smelter operations, WPP, and Culley was conducted 
using satellite data as shown in Figure 3-1.  The Auer land-use approach classifies an area according to 
12 land-use types.  In this scheme, areas of industrial, commercial, and compact residential land-use are 
designated urban.  According to EPA modeling guidelines, if more than 50 percent of an area within a 
three-kilometer radius of a facility is classified as rural, then rural dispersion coefficients are to be used in 
the modeling. 

The Auer analysis indicates that the land use around the facilities is rural.  As a result, the WPP and 
Culley sources were modeled using rural dispersion characteristics.  However, due to the large industrial 
complex heat releases, the Alcoa smelter sources were modeled as urban, as explained further in the 
next subsection.  Due to the influence of the Ohio River, the WPP and Culley sources are modeled as 
rural. 

3.2 Use of AERMOD in Urban Mode for Alcoa Smelter  

Emission sources such as the Alcoa Warrick aluminum smelter are associated with large fugitive heat 
releases that result in a local urban-like dispersion environment.  AERMOD typically estimates urban heat 
island effects using an urban/rural classification based on population or land use, but until updates to 
Appendix W proposed in July 2015 (80 FR 45340, July 29, 2015) that were promulgated in 2017, 
AERMOD has not considered the urban effects that are created by large industrial complexes located in 
rural areas.  The “highly industrialized area” effect can be addressed by a technique that accounts for the 
excess heat from an industrial complex and derives an effective population related to the excess heat 
generated by the highly industrialized area as input to AERMOD.  A discussion of this approach is 
provided in Appendix B of the modeling protocol, which has previously been provided to EPA by the 
American Iron & Steel Institute (AISI).  A peer-reviewed published journal article describing source 
characterization of the highly industrialized area heat island effect (and three other source 
characterization techniques) is provided in Appendix C of the modeling protocol. 

In the case of the Alcoa smelter, there is approximately a 450-MW electrical usage needed to power the 5 
aluminum reduction lines.  In addition, hot rolling mills in the area to the north of the smelting operations 
also emit fugitive heat.  The area involved in the Alcoa Warrick Operations process, shown in the orange 
rectangles in Figure 2-1, is on the order of 2 square kilometers (2 x 106 m2). 

The heat losses associated with the use of electricity in the aluminum smelting process can be on the 
order of 40-50%3.  Taking the midpoint of that range and conservatively assuming that half of this is lost to 
the atmosphere (the rest to the buildings), we get an atmospheric heat loss rate of about 100 MW.  The 
heat loss to the atmosphere, when applied to the 2 square km area, results in an effective urban-rural 
temperature difference is 50 W/m2, which converts to an effective urban population of 2 million, based 
upon the formulation described in Appendix B of the modeling protocol. 

2 EPA’s Guideline on Air Quality Models, available at http://www.epa.gov/ttn/scram/guidance/guide/appw_05.pdf.  
3 See, for example discussions at http://peter-entner.com/E/Theory/EBal/EBal.aspx and 
http://www.tms.org/pubs/journals/JOM/9905/Welch-9905.html.  
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Consistent with the calculations provided above, the modeling approach for the source characterization 
effects for Warrick Operations assumed that the aluminum smelter sources are emitting into an urban 
boundary layer for AERMOD modeling with an effective population of 2 million. 

3.3 Building Downwash Treatment for Smelter Sources 

The effects of the large heat releases from the smelter play a role in the merging of plumes from adjacent 
dry scrubber stacks and in a liftoff effect that resists building downwash effects.  In the case of the 
aluminum smelter, the potline buildings are not enclosed, but instead have openings that promote inflow 
from the bottom so that the natural convection will improve the dispersion (and increase the lift) of the hot 
effluent from the potline roof vents.  The associated fugitive heat losses will offset building downwash 
effects.  However, downwash effects are conservatively retained in this modeling application, while the 
convective heating effects are accommodated with partial stack merging as described in Section 5. 
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Figure 3-1: Satellite Photo of the Area within 3 km of the Alcoa Operations, WPP, and Culley 
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4. Background Sources and Regional Background

4.1 Emission Sources Outside Warrick County 

Besides the Warrick and Culley power plants, other SO2 background sources provided by IDEM that are 
located within 50 kilometers from the Warrick operations were also included in the modeling for this 
analysis.  The sources that were modeled are listed in Table 4-1.  Figure 4-1 shows the locations of these 
background sources with respect to the Warrick operations. 

Table 4-1: Background Sources Included in the Modeling 

Source Source ID Location

A.B. Brown 18-129-00010 Posey County, IN 

AEP Rockport 18-147-00020 Spencer County, IN 

Owensboro Municipal Utilities Elmer Smith Station 21-059-00027 Daviess County, KY 

Big Rivers Electric Corporation Coleman Station 21-091-00003 Hancock County, KY 

Century Aluminum of KY LLC 21-091-00004 Hancock County, KY 

Owensboro Grain Company 21-059-00039 Daviess County, KY 

4.2 Regional Background from Area Monitor 

Hourly SO2 ambient background data for the Evansville-Buena Vista monitor was processed into 
season/hour-of-day format following procedures described in the EPA March 1, 2011 guidance4 for use in 
this modeling analysis.  The most recent three years of data were used (2014-2016).  Although the 
monitoring could double count the impacts of the modeled Alcoa or the A.B. Brown sources (see the 
monitor location in Figure 4-1), the values as listed in Table 4-2 have not been adjusted for that effect. 
These values were used in conjunction with the BACKGRND SEASHR keyword in the source card and 
added to the AERMOD-predicted concentrations for comparison with the 1-hour SO2 NAAQS of 75 ppb, 
or 196.5 g/m3. 

4 https://www3.epa.gov/ttn/scram/guidance/clarification/Additional_Clarifications_AppendixW_Hourly-NO2-NAAQS_FINAL_03-01-
2011.pdf 
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Table 4-2: Evansville-Buena Vista Monitored SO2 Background Concentrations (µg/m3)  

Hour WINTER SPRING SUMMER FALL 

0 13.10 9.34 6.46 9.26 

1 11.00 13.10 4.72 9.00 

2 9.52 9.00 4.37 7.77 

3 14.58 9.08 4.54 9.08 

4 11.88 8.65 4.37 10.92 

5 11.70 17.55 6.11 10.92 

6 11.44 15.20 6.38 12.31 

7 13.54 14.06 11.53 12.05 

8 23.41 21.48 22.71 14.32 

9 26.11 26.72 21.92 20.09 

10 23.58 31.18 16.86 25.59 

11 25.76 23.49 15.98 21.40 

12 29.43 23.32 16.07 24.45 

13 31.27 25.76 17.55 22.44 

14 31.70 24.28 13.45 22.71 

15 33.27 23.14 11.88 15.89 

16 29.43 27.51 14.15 16.24 

17 27.16 24.10 15.20 14.93 

18 21.75 17.82 15.72 11.18 

19 25.06 17.20 12.05 14.93 

20 18.17 12.66 8.56 10.92 

21 20.87 6.20 4.89 8.73 

22 15.63 12.75 6.99 9.69 

23 18.25 11.53 5.59 9.69 
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Figure 4-1: Sources to be Included in the Modeling 
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5. Modeling Procedures

5.1 Alcoa’s Site-Specific Model 

The proposed modeling approach used AERMOD version 16216r with source characterization 
refinements as noted below, including the BLP model component for the potline roof emissions, and 
AERMOD’s normal point-source treatment for the other (stack) sources.  The modeling approach involved 
no changes to AERMOD; rather, the only unique issues involved how the Alcoa smelter sources were 
characterized for input to the modeling. 

Although the power plant stack sources were modeled in the same manner (using the EPA-approved 
ADJ_U* low wind option), the Warrick Operations smelter sources were modeled as urban to account for 
source characterization effects such as those noted by the AISI presentation5 made by Robert Paine at 
the 11th EPA Modeling Conference, a technique further described in the published journal article provided 
in Appendix C of the modeling protocol.  Specifically, the modeling approach differed from a default 
modeling approach that does not consider the site-specific issues in the following areas: 

 Clusters of the adjacent dry scrubber stacks and ring furnace stacks at the smelter were
merged due to the tremendous heat release (see Figure 5-1) that basically results in a
combined plume rise.  Specifically, six stacks each represented the emissions from the
long and narrow rectangular Potline Areas 5 and 6 (see Figure 5-2), four stacks
represented the combined emissions from nearly square Potline Area 2 (see Figure 5-2),
and six stacks were merged for the ring furnace’s western reactor area (see Figure 5-3),
as noted in Table 2-2.  The merging process retained the common stack height for stacks
in each cluster, but summed the stack top areas for an equivalent diameter stack where
the default option of stack-tip downwash was used.  The emissions from Potline Areas 3
and 4 were modeled with the current 199-ft stack.  Likewise, the emissions from the ring
furnace’s eastern reactor were modeled with the current stack (not merged).

 Urban dispersion characterization was used for the smelter sources, as discussed in
Section 3.2.  The power plant sources were assigned a rural characterization.

 For the smelter sources, building downwash was included in the modeling in spite of the
tremendous fugitive heat releases within the smelter area that would tend to make the
emissions buoyant.

 The aluminum smelter rooftop vent sources were modeled with the BLP approach
installed in AERMOD version 16216r.  The five sets of twin potline roof vents are listed in
Table 2-3 and represent the buoyant line sources.

 For the stack merging, the nearly square shape of the Potline 2 stacks (see Figure 5-2)
was amenable to a set of 4 stacks distributed evenly through the set of 6 x 6 stacks, with
each merged stack representing a 3x3 array of individual stacks.  The use of the same
approach for the more elongated areas for Potlines 5 and 6 (also shown in Figure 5-2)
led to model under-predictions6 in the evaluation described in Appendix A of the modeling
protocol, so a more conservative approach that better fit the shape of the stack area was
to merge only 6 stacks in a group.  The discussion in Appendix A of the protocol shows
that merging of fewer stacks (such as 3 in each line) led to AERMOD over-predictions.

5 http://www.epa.gov/ttn/scram/11thmodconf/presentations/2-2_AISI_NAAQS_Issues.pdf.  
6 The tests that resulted in under-predictions are not included in Appendix A of the modeling protocol; modeling approaches that 
resulted in under-predictions were not considered for the final model evaluation tests. 
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5.2 Meteorological Processing 

5.2.1 Meteorological Processing: AERMET 

Three years (2013-2015) of the most recent hourly surface meteorological data from Evansville, IN airport 
were processed with AERMET, the meteorological preprocessor for AERMOD, which is consistent with 
guidance stated in 9.3.1.2 of 40 CFR Part 51, Appendix W (EPA modeling guidelines).  Concurrent hourly 
upper air data from Lincoln, IL was also processed.  AERMET also used 1-minute wind speeds and 
directions taken from the Evansvillle, IN airport surface station as processed by the most recent version of 
AERMINUTE (15272).  The “ADJ_U*” option was also used, which is considered a default option under 
the 2017 Appendix W final rule that became effective on May 22, 2017.  Processing of the meteorological 
data was performed by AECOM and provided to IDEM for their approval.  IDEM approved of AECOM’s 
methodology which is described in more detail below. 

The meteorological data required for input to AERMOD was created with the latest version of AERMET 
(16216).  AERMET creates two output files for input to AERMOD: 

 SURFACE: a file with boundary layer parameters such as sensible heat flux, surface
friction velocity, convective velocity scale, vertical potential temperature gradient in the
500-meter layer above the planetary boundary layer, and convective and mechanical
mixing heights.  Also provided are values of Monin-Obukhov length, surface roughness,
albedo, Bowen ratio, wind speed, wind direction, temperature, and heights at which
measurements were taken.

 PROFILE: a file containing multi-level meteorological data with wind speed, wind
direction, temperature, sigma-theta () and sigma-w (w) when such data are available.
AERMET requires specification of site characteristics including surface roughness (zo),
albedo (r), and Bowen ratio (Bo).

The year 2014 was run twice in AERMET because the meteorological tower was moved on March 17, 
2014 approximately 813.5 meters to the northeast of its previous position (Figure 5-4).  To account for this 
in the AERMET processing, the full year of 2014 was run at both locations for both AERMET and 
AERSURFACE.  Then, SURFACE and PROFILE files were created which include the 
AERMET/AERSURFACE output for January 1, 2014 – March 17, 2014 modeled with the previous tower 
location and combined it with the AERMET/AERSURFACE output for March 18, 2014 – December 31, 
2014 modeled with the new tower location.  The year 2013 was modeled with the previous tower location 
and 2015 was modeled with the new tower location. 

5.2.2 Meteorological Processing: Surface Characteristics 

AERMET requires specification of site characteristics including surface roughness (zo), albedo (r), and 
Bowen ratio (Bo).  These parameters were developed according to the guidance provided by EPA in the 
recently revised AERMOD Implementation Guide7 (AIG). 

The AIG provides the following recommendations for determining the site characteristics: 

1. The determination of the surface roughness length should be based on an inverse
distance weighted geometric mean for a default upwind distance of 1 kilometer relative to
the measurement site.  Surface roughness length may be varied by sector to account for
variations in land cover near the measurement site; however, the sector widths should be
no smaller than 30 degrees.

2. The determination of the Bowen ratio should be based on a simple un-weighted
geometric mean (i.e., no direction or distance dependency) for a representative domain,

7 EPA 2015. AERMOD Implementation Guide (AIG). Office of Air Quality Planning and Standards, Research Triangle Park, NC. 
August.https://www3.epa.gov/ttn/scram/models/aermod/aermod_implementation_guide.pdf 
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with a default domain defined by a 10-km by 10-km region centered on the measurement 
site. 

3. The determination of the albedo should be based on a simple un-weighted arithmetic
mean (i.e., no direction or distance dependency) for the same representative domain as
defined for Bowen ratio, with a default domain defined by a 10-km by 10-km region
centered on the measurement site.

The AIG recommends that the surface characteristics should be determined based on digitized land cover 
data.  EPA has developed a tool called AERSURFACE that can be used to determine the site 
characteristics based on digitized land cover data in accordance with the recommendations from the AIG 
discussed above.  AERSURFACE incorporates look-up tables of representative surface characteristic 
values by land cover category and seasonal category.  AERSURFACE was applied by AECOM based on 
the instructions provided in the AERSURFACE User’s Guide.  IDEM approved of AECOM’s processing 
and resulting surface characteristics.  

The latest version of AERSURFACE (Version 13016) supports the use of land cover data from the USGS 
National Land Cover Data 1992 archives8 (NLCD92).  The NLCD92 archive provides data at a spatial 
resolution of 30 meters based upon a 21-category classification scheme applied over the continental U.S. 
The AIG recommends that the surface characteristics be determined based on the land use surrounding 
the site where the surface meteorological data were collected.   

As recommended in the AIG for surface roughness, the 1-km radius circular area centered at the surface 
station was divided into 12 sectors for this analysis. 

An analysis of satellite imagery from 2010 (Figure 5-5) shows a building located less than 1 kilometer 
south of the meteorological tower’s 2013-March 17, 2014 location.  Satellite imagery from 1992 does not 
show this building (Figure 5-6).  Since this building was constructed after 1992, it is not represented in the 
1992 NLCD data.  Figure 5-7 shows the 1992 land cover data.  The red areas indicate areas of urban 
development.  Note that there is no red area in the 150° to 180° sector to indicate a building in the land 
use data.  The land use data indicates that this region is designated for use as pasture/hay (yellow) or 
urban/recreational grasses (orange), which have lower surface roughness values.  In a discussion with 
EPA9, EPA indicated that it was appropriate to adjust the surface roughness values in this sector to 
account for this building.  AECOM adjusted the surface roughness values by replacing the 
AERSURFACE-assigned surface roughness values in the 150° to 180° sector with the AERSURFACE-
assigned surface roughness values for the sector to the west-southwest, or the 210° to 240° sector, which 
has a similar urban coverage.  AECOM changed only the spring and late autumn/winter-with-no-snow 
surface roughness values because the summer and early autumn surface roughness values were similar 
for both sectors. 

This modification only applies to the surface characteristics for 2013 and January 1, 2014 to 
March 17, 2014 before the meteorological tower was moved.  When the meteorological tower was moved 
to its current position on March 17, 2014, the building was no longer a major contributor to the surface 
characteristics because it is located at the edge of the 1-kilometer radius.  Figure 5-4 shows the current 
location of the meteorological tower as well as the 1-kilometer radius and land use sectors. 

In AERSURFACE, the various land cover categories are linked to a set of seasonal surface 
characteristics.  As such, AERSURFACE requires specification of the seasonal category for each month 
of the year.  The following five seasonal categories are supported by AERSURFACE, with the applicable 
months of the year specified for this site.   

1. Midsummer with lush vegetation (June, July, August).

8 http://edcftp.cr.usgs.gov/pub/data/landcover/states/ 
9 U.S. EPA, Blakley, Pamela. 2013. EPA Comments on ALCOA Modeling Protocol. EPA Region 5, Control Strategies Section of the 
Air and Radiation Division. Chicago, IL.  Included in the computer modeling archive. 
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2. Autumn with un-harvested cropland (September, October).

3. Late autumn after frost and harvest, or winter with no snow (January, February,
November, December).

4. Winter with continuous snow on ground (not used).

5. Transitional spring with partial green coverage or short annuals (March, April, May).

For Bowen ratio, the land use values are linked to three categories of surface moisture corresponding to 
average, wet, and dry conditions.  The surface moisture condition for the site may vary depending on the 
meteorological data period for which the surface characteristics were applied.  AERSURFACE applies the 
surface moisture condition for the entire data period.  Therefore, if the surface moisture condition varies 
significantly across the data period, then AERSURFACE can be applied multiple times to account for 
those variations.  As recommended in the AERSURFACE User’s Guide, the surface moisture condition for 
each month was determined by comparing the Evansville airport precipitation for the period of data 
processed to the 30-year climatological record, selecting “wet” conditions if precipitation is in the upper 
30th percentile, “dry” conditions if precipitation is in the lower 30th percentile, and “average” conditions if 
precipitation is in the middle 40th percentile.  The 30-year precipitation data set used in this modeling was 
taken from the National Weather Service Forecast Office for Paducah, KY10.  The data is specifically for 
the Evansville, IN area. 

The monthly designations of surface moisture input to AERSURFACE are summarized in Table 5-1. 

Table 5-1: AERSURFACE Bowen Ratio Condition Designations 

Month 
Bowen Ratio Category 

2013 2014 2015 
January Wet Dry Average
February Average Dry Average

March Average Average Wet 
April Average Wet Wet 
May Average Average Average
June Wet Average Wet 
July Average Average Average

August Average Wet Average
September Average Average Dry 

October Wet Wet Average
November Dry Average Average
December Wet Average Wet 

5.3 Good Engineering Practice Stack Height Analysis 

A Good Engineering Practice (GEP) stack height analysis was performed to determine the potential for 
building-induced aerodynamic downwash for all stacks subject to downwash effects.  The analysis 
procedures described in EPA’s Guidelines for Determination of Good Engineering Practice Stack Height 
(EPA 1985)11, Stack Height Regulations (40 CRF 51), and current Model Clearinghouse guidance12 were 

10 http://w2.weather.gov/climate/xmacis.php?wfo=pah 
11 Available at http://www.epa.gov/scram001/guidance/guide/gep.pdf.  
12 http://www.epa.gov/scram001/guidance_clearinghouse.htm 
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used.  For the BLP-type analysis, we used the building dimensions used historically for the Alcoa BLP-
only modeling (see Table 2-3). 

The EPA’s Building Profile Input Program (BPIP-Version 04274) version that is appropriate for use with 
PRIME algorithms in AERMOD was used to incorporate downwash effects in the model.  The building 
dimensions of each structure were input in the BPIP-PRIME program to determine direction specific 
building data.  BPIP-PRIME addresses the entire structure of the wake, from the cavity immediately 
downwind of the building, to the far wake. 

5.4 Receptors 

For SO2 DRR modeling, receptors were excluded from the nearby Ohio River (only in the area near the 
Alcoa and Vectren’s Culley facilities for simplicity) as well as within the secured areas of the Alcoa and 
Culley plants themselves.  The secured areas on Alcoa property excluded from receptor placement were 
recently reviewed by Alcoa, and they include certain areas along the Ohio River bank that were included 
in previous modeling, but should have been excluded.  These areas are posted and/or patrolled by plant 
personnel, and any unauthorized person who accesses the site will be noticed and removed.  An area on 
Culley property east of a service road was included in the modeling although it could have been excluded 
based upon posting and patrolling; this area is not close to peak predicted areas. 

The secured areas of both Alcoa and Culley were excluded from receptor placement; they are not 
“ambient air”.   The Alcoa smelter and the adjacent Warrick Power Plant are considered as one facility in 
their operating permit.  In addition, the Alcoa and Vectren facilities have substantial interconnected and 
joint operations and joint ownership as follows: 

 Vectren owns a portion of the Warrick Power Plant (“Alcoa Power”) Unit 4.

 FERC documentation13 describes the interrelationship between Alcoa and Vectren, as
further noted below.

 Alcoa and Vectren jointly own and operate the “Tie Line 3 facility”, a 2.2 mile,138-kV line
on these properties.

 Alcoa Power and Vectren jointly own other facilities in that area, including a 138 kV bus
located at the Warrick plant to service the Warrick plant’s operation.

 Tie Line 3 runs from a jointly-owned generating unit (Warrick Unit 4) to the 138 kV ring
bus, and then to the Culley substation.

 Additional distribution lines connect the Culley Substation to the Warrick plant and are
used to meet the energy needs of Alcoa’s smelting and rolling mill operations.

 A legal agreement dating back to the initiation of operations at the smelter provide for an
emissions easement, which in effect provides Alcoa a property right, due to emissions
from Alcoa onto Culley property (now Vectren, but formerly Southern Indiana Electric &
Gas Company, or SIGECO).  They are provided in Appendix E of the modeling protocol,
along with a map showing the area involved in the easement.

The receptor grid has 50-m spacing along the boundary of the secured areas of the joint Alcoa and 
Vectren property with receptor spacing as follows: 

 Every 100 meters out to a distance of 3 kilometers,

 Every 250 meters between 3 and 5 kilometers,

 Every 500 meters between 5 and 10 kilometers.

13 https://www.ferc.gov/CalendarFiles/20131206161329-OA13-6-000.pdf.  
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The receptor grid is illustrated in Figures 5-8 and 5-9. 

The peak model predictions did not extend beyond 10 kilometers from the Alcoa sources, since historical 
monitoring had indicated that peak impacts are in close proximity to these sources.  Beyond the ambient 
air boundary, this receptor grid spacing is consistent with the IDEM SO2 DRR modeling protocol.  The 
model-ready receptor file used the most recent version of AERMAP version 11103.14 

14 Indiana’s Air Quality Modeling Protocol – Data Requirements Rule for the 2010 Primary 1-Hour Sulfur Dioxide Addressing the 
National Ambient air Quality Standard (NAAQS), June 2016. 
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Figure 5-1: Visible and Infrared Imagery of Potline Area at an Aluminum Smelter 
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Figure 5-2: Depiction of Stack Merging for Potlines 2, 5, and 6 
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Figure 5-3: Depiction of Stack Merging for the Aluminum Smelter Stacks 
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Figure 5-4: 1-km Radius Around the Current Location of Evansville, IN Airport Meteorological 
Tower with Surface Roughness Sectors Shown Over a 2016 Aerial Photo 
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Figure 5-5: 1-km Radius Around the Evansville, IN Airport Meteorological Tower with Surface 
Roughness Sectors Shown Over a 2010 Aerial Photo 
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Figure 5-6: 1-km Radius Around the Evansville, IN Airport Meteorological Tower with Surface 
Roughness Sectors Shown Over a 1992 Aerial Photo (Courtesy of Google Earth) 
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Figure 5-7: 1-km Radius Around the Evansville, IN Airport Meteorological Tower with Surface 
Roughness Sectors Shown Over the 1992 Land Cover Map 
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Figure 5-8: Receptor Grid Used for Modeling (Zoom-Out View) 
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Figure 5-9: Receptor Grid Used for Modeling (Zoom-In View) 
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6. Results of SO2 Characterization Modeling Analysis

AECOM conducted NAAQS compliance modeling in accordance with the 1-hour SO2 Data Requirements 
Rule (DRR) for Alcoa’s Warrick aluminum smelter and the adjacent Alcoa Warrick Power Plant which are 
subject to DRR requirements.  Cumulative background sources within 50 kilometers of the Alcoa Warrick 
operations were also modeled.  This includes the nearby Culley Power Plant and other regional emission 
sources provided by IDEM. 

As can be seen from Table 6-1, the characterization of SO2 concentrations due to emissions from the 
Alcoa Warrick Operations along with nearby background sources indicates attainment of the 1-hour SO2 
NAAQS standard.  The maximum design concentration is 189.7g/m3, which is below the standard of 
196.5 g/m3.  The Alcoa and background sources contributed 90.8% to the total design SO2 concentration 
while ambient background contributed to 9.2% of the total concentration. 

As seen in Figure 6-1, the predicted 99th percentile peak daily 1-hour maximum concentrations occur 
along the eastern fence line; this is consistent with historical SO2 monitoring in the area.  A secondary 
region of high concentrations occurs along the Alcoa northern fence line, which is also consistent with the 
monitoring record.  Figure 6-1 shows a zoomed-in display of concentration isopleths, while Figure 6-2 
shows the concentrations throughout the entire modeling domain.   

Table 6-1: 1-hour SO2 Modeling Results 

Pollutant 
Averaging 

Period Rank 

3-Year Averaged 
Maximum AERMOD 

Predicted 
Concentration 

(Without 
Background) 

(g/m3) 

Ambient 
Background 

(g/m3) 

Total 
Concentration 

(g/m3) 
NAAQS 
(g/m3) 

% of 
NAAQS 

SO2 1-hour 99th 172.16 17.52 189.68 196.5 96.5%
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Figure 6-1: SO2 99th Percentile Peak Daily 1-hour Maximum Concentrations Isopleth Map 



Modeling Report for the 1-hour SO2 Data Requirements Rule 6-3 

Prepared for:  Alcoa Warrick LLC  AECOM 
October 2017 

Figure 6-2: SO2 99th Percentile Peak Daily 1-hour Maximum Concentrations Zoomed Out 
Isopleth Map 
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