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1. INTRODUCTION 

Trinity Consultants (Trinity) prepared this report on behalf of Oxbow Calcining LLC (Oxbow) for its Calcined 

Coke Plant located between Enid and Kremlin, Oklahoma (the Plant)1 in response to the July 1, 2020 letter 

Notification of request for 4-factor analysis on control scenarios under the Clean Air Act Regional Haze 
Program (the request letter) from the Oklahoma Department of Environmental Quality (ODEQ). Per the 

request letter and ODEQ’s June 17, 2020 presentation Regional Haze SIP Development Update, the request 

is based on an Area of Influence (AOI) study completed by the Central States Air Resources Agencies 

(CenSARA) for the Wichita Mountains Class I area. In correspondence dated August 21, 2020, ODEQ 

granted an extension until September 30, 2020 to respond to the request.2  

 

Per the request, this report provides information related to sulfur dioxide (SO2) emissions reduction options 

for the Plant’s three coke calcining kilns: Kiln 1, Kiln 2, and Kiln 3. The following specific technical and 

economic information, where applicable, is provided in this report for each emissions reduction option 

considered for the kilns, in accordance with instructions in the request letter: 

 

 Technical feasibility 

 Control effectiveness and emissions reductions 

 Time necessary for implementation0F

3 

 Remaining useful life3 

 Energy and non-air quality environmental impacts3 

 Costs of implementation3 

 

Appendix A of this report includes a redacted version of a site-specific controls studies prepared by Sargent 

& Lundy (S&L). A confidential version of this report with non-redacted pages in Appendix A is submitted via 

hand delivery as recommended by ODEQ. 

 

In addition to the information requested by the request letter, Appendices B and C include reports related to 

additional factors that Oxbow believes ODEQ should consider in the development of Oklahoma’s state 

implementation plan (SIP) for the regional haze second planning period (2PP). Based on information 

presented in these reports, Oxbow also believes that ODEQ should adopt the adjusted default URP glidepath 

presented by EPA for the Wichita Mountains,4 take notice of the fact that current and projected visibility 

conditions in the Wichita Mountains are better than the URP glidepath and consider visibility benefits, if any, 

in conducting analyses of emission reduction measures for the 2PP. 

                                            

 

1 The Plant is referred to as the “Kremlin Calcining Plant” in ODEQ’s July 1, 2020 letter and simply as “Kremlin” in various 
documents generated by ODEQ and CenSARA related to the AOI study. 

2 ODEQ asked Oxbow to provide a status update no later than September 15, 2020. This was provided via conference call on 
September 14, 2020. 

3 These are the four factors that must be included in evaluating emission reduction measures necessary to make reasonable 
progress determinations. See, 40 CFR § 51.308(f)(2)(i). As noted above, Oxbow also recommends that ODEQ consider 
visibility benefits, if any, in conducting analyses of emission reduction measures for the 2PP. See, 40 CFR 
§ 51.308(f)(2)(iv)(B).  

4 Availability of Modeling Data and Associated Technical Support Document for the EPA’s Updated 2028 Visibility Air Quality 
Modeling, September 19, 2019, (https://www.epa.gov/sites/production/files/2019-
10/documents/updated_2028_regional_haze_modeling-tsd-2019_0.pdf) 
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2. SO2 EMISSIONS REDUCTIONS OPTIONS 

Add-on SO2 emissions controls are not common in the petroleum coke calcining industry. The U.S. 

Environmental Protection Agency’s (EPA’s) Reasonably Available Control Technology (RACT), Best Available 

Control Technology (BACT), and Lowest Achievable Emission Rate (LAER) Clearinghouse (RBLC) includes no 

SO2 emissions control options for petroleum coke calcining kilns. Nevertheless, based on consultation with 

the premier engineering and project management firm, S&L, the following SO2 emissions reduction options 

are evaluated as potentially applicable to the Plant’s petroleum coke calcining kilns.  

 

 Pre-Combustion SO2 Control Strategies 

 Combustion SO2 Control Strategies 

 Post-Combustion (“Add-on”) Control Strategies 

 Wet Flue Gas Desulfurization (WFGD) 

 Dry Flue Gas Desulfurization (DFGD) 

 Dry Sorbent Injection (DSI) 

 

Each of these options, including potential differences in design and operation of each option, are described 

in the site-specific evaluation report completed by S&L: SO2 Control Technologies Evaluation to Support 
Regional Haze Rule Analysis (the S&L Report), provided in Appendix A to this report.  

2.1 Technical Feasibility 

In accordance with EPA’s Guidance on Regional Haze State Implementation Plans for the Second 
Implementation Period, 5 (the EPA SIP Guidance) at p. 22, “The first step in characterizing control measures 

for a source is the identification of technically feasible control measures for those pollutants that contribute 

to visibility impairment.” The EPA SIP Guidance does not define the term technically feasible. The only 

known definition of that term within the regional haze context is found in EPA’s Regional Haze Regulations 
and Guidelines for Best Available Retrofit Technology (BART) Determinations (the BART Guidelines), which 

states:6  

 

Control technologies are technically feasible if either (1) they have been installed and 
operated successfully for the type of source under review under similar conditions, or (2) the 
technology could be applied to the source under review. Two key concepts are important in 
determining whether a technology could be applied: ‘‘availability’’ and ‘‘applicability.’’ …a 
technology is considered ‘‘available’’ if the source owner may obtain it through commercial 
channels, or it is otherwise available within the common sense meaning of the term. An 
available technology is ‘‘applicable’’ if it can reasonably be installed and operated on the 
source type under consideration. A technology that is available and applicable is technically 
feasible. 

 

The BART Guidelines also discuss the criteria for demonstrating that a control option is not technically 

feasible for a particular emissions unit:7 

                                            

 

5 Guidance on Regional Haze State Implementation Plans for the Second Implementation Period, August 2019, EPA-457/B-19-
003. 

6 See, 70 Fed. Reg. 39,165 (July 6, 2005). 

7 Ibid. 
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…a demonstration of technical infeasibility…should explain, based on physical, chemical, or 
engineering principles, why technical difficulties would preclude the successful use of the 
control option on the emissions unit under review. 
 
…a control option…is technically infeasible… [if] specific circumstances preclude its 
application to a particular emission unit. 

2.1.1 Pre-Combustion and Combustion SO2 Control Strategies 

As documented in the S&L Report (Sections 4.1 and 4.2), both pre-combustion and combustion SO2 control 

strategies are technically infeasible for the Plant’s kilns due to both physical (e.g., sizing) and chemical (e.g., 

ingredients) issues.  

2.1.2 Post-Combustion SO2 Control Strategies 

Oxbow understands that there are a few commercially operating post-combustion SO2 control systems 

installed on petroleum coke kilns in the U.S. Unfortunately, there is limited information publicly available on 

the design and operation of the existing systems to determine the types of systems installed and the SO2 

removal efficiencies demonstrated in practice. Oxbow is unable to verify which particular systems – WFGD, 

DFGD, or DSI – are being used on petroleum coke calcining kilns. Despite a lack of demonstration, for the 

purposes of this report, these technologies are evaluated as first-of-its-kind applications for this industry 

sector. 

 

With regards to the site-specific application of WFGD, DFGD, or DSI at the Kremlin Plant, as detailed in the 

S&L Report (Section 2), there is a high-level of uncertainty about the availability of water that would be 

required to operate any of the controls. Oxbow is aware that the City of Enid is planning to develop a new 

water pipeline from Kaw Lake (the “Enid-Kaw Lake Pipeline”), which is approximately 70 miles from Enid 

and 65 miles from the Kremlin Plant, and a new municipal water treatment plant. To utilize this source of 

water, if it is developed and has capacity, would require the construction of a separate pipeline to the 

Kremlin Plant. Another theoretically possible but equally uncertain option for obtaining water would be to 

bring it to the Plant via trucks.  

 

ODEQ may conclude that the WFGD, DFGD, and DSI options are technically infeasible because of the plant-

specific water supply uncertainty. However, for the purposes of this report, Oxbow, S&L, and Trinity have 

prepared evaluations of the control strategies assuming the water supply scenarios are viable and based on 

best engineering judgment at this time. 

2.2 Control Effectiveness 

S&L estimated the control effectiveness of each SO2 emissions reduction option based on a source specific 

engineering evaluation of the Oxbow kilns considering the lack of published information on application of 

controls to petroleum coke calcining kilns. S&L’s evaluation established uncontrolled emission rates for each 

kiln based on the hourly average emissions rates from 2015 – 2019. This five-year period was selected to 

ensure a robust evaluation of control efficiency and controlled emission rates. The estimation of control 

efficiency and controlled emission rates was based on engineering principles, discussions with control 

vendors, and prior experience with each of the technologies on other types of emission units, particularly 

utility boilers. Table 2-1 summarizes the approximate control efficiencies theoretically possible for each 

option and the resulting emission rates provided in the S&L Report on a long term average basis (Table 2-2 

Current Stack Emissions and Appendix A SO2 Control Summary, Table 2 SO2 Control Effectiveness). 
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Table 2-1.  Control Effectiveness of SO2 Emissions Reduction Options 

SO2 Emissions 
Reduction 

Option 

Control 
Efficiency 

(%) 

Uncontrolled SO2 
Emission Rate (lb/hr) 

Controlled SO2 
Emission Rate (lb/hr) 

Kiln 1 Kiln 2 Kiln 3 Kiln 1 Kiln 2 Kiln 3 

WFGD 94 

1,626 1,447 925 

92 82 52 

DFGD 92 138 122 78 

DSI 40 976 868 555 

 

Considering the operational differences between industrial sources such as the Plant’s kilns and utility-sized 

boilers, the control efficiency values summarized above are consistent with evaluations of these control 

options completed by ODEQ and EPA for utility boilers.8 

2.3 Emissions Reductions 

The request letter does not specify a baseline period. Oxbow, S&L, and Trinity have evaluated several years 

of historic operations and emissions information, and January 1, 2018 to December 31, 2019 is proposed as 

an appropriate baseline period. This is consistent with 4-factor analyses in other states, e.g., Louisiana. 

Baseline emission rates are set equal to the annual-average value from the baseline period in accordance 

with EPA’s Air Pollution Control Cost Manual (CCM)9 and general practice for control cost assessments that 

has been applied to hundreds of prior regional haze analyses. Table 2-2 presents these baseline emission 

rates and the controlled emission rates and emission reduction potentials, as detailed in the S&L Report 

(Table 2-2 Current Stack Emissions and Appendix A SO2 Control Summary, Table 2 SO2 Control 
Effectiveness), for each of the SO2 emissions reduction options.  

 

 

 

 

                                            

 

8 For example, for BART in Oklahoma EPA evaluated WFGD and DFGD for six coal-fired utility boilers (two boilers at each of 
the Oklahoma Gas & Electric’s Muskogee Power Plant and Sooner Power Plant and two boilers at the American Electric Power / 
Public Service of Oklahoma (AEP/PSO) Northeastern Power Plant) based on control efficiency values of 98% for WFGD and 
90% to 95% (depending on boiler specifics and coal sulfur content) for DFGD. See, 76 Fed. Reg. 16,187, 16,188 (March 22, 
2011). EPA completed additional evalulations for DFGD and DSI for the AEP/PSO Northeastern Power Plant based on control 
efficiency values of 90-91% and 56%, respectively. See, See, 79 Fed. Reg. 12,954-12,957 and Technical Support Document 
for the AEP/PSO BART Revision to the Oklahoma Regional Haze State Implementation Plan and Federal Implementation Plan 
(July 2013), p. 8.  
 
In a more recent determination, EPA evaluated WFGD, DFGD (SDA), and DSI for Entergy’s Nelson Unit 6 in Louisiana based 
on control efficiency values of 94.74%, 92.11%, and 50 %, respectively. See, 82 Fed. Reg. 32,298, 32,299 (July 13, 2017). 

9 EPA Air Pollution Control Cost Manual, Sixth Edition (https://www.epa.gov/economic-and-cost-analysis-air-pollution-
regulations/cost-reports-and-guidance-air-pollution#cost%20manual), Section 5, Chapter 1 SO2 and Acid Gas Controls. 
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Table 2-2.  Baseline and Controlled Emission Rates and Emissions Reductions of SO2 Emissions 

Reduction Options 

Emissions 
Unit 

Baseline SO2 

Emission Rate 
(tpy) 

SO2 Emissions 

Reduction 
Option 

Controlled SO2 

Emission Rate  
(tpy) 

SO2 Emissions 

Reduction 
(tpy) 

Kiln 1 6,556 

WFGD 371 6,185 

DFGD 556 6,000 

DSI 3,934 2,622 

Kiln 2 5,674 

WFGD 322 5,352 

DFGD 478 5,196 

DSI 3,404 2,270 

Kiln 3 2,950 

WFGD 166 2,784 

DFGD 249 2,701 

DSI 1,770 1,180 

2.4 Time Necessary for Implementation 

The S&L Report (Section 7) provides a high-level implementation schedule, including key elements such as 

equipment design, procurement, fabrication, construction, and commissioning, for each of the SO2 

emissions reduction options. Allowing for some contingency, Oxbow proposes a minimum of five years for 

implementing either the WFGD option or the DFGD option and two years for the DSI option. 

 

The implementation would begin on the effective date of an approved determination (e.g., approved SIP). 

Consistent with other states’ (e.g., Louisiana’s) 4-factor analyses, it is assumed that EPA will approve 

ODEQ’s regional haze 2PP SIP on or around January 31, 2023. Adding the times necessary for 

implementation to this projected date results in assumed implementation dates of February 1, 2025 for DSI 

and February 1, 2028 for WFGD and DFGD. 

2.5 Remaining Useful Life 

Oxbow has no plans to shut down any of the kilns, and there are no enforceable limitations on the 

remaining useful life (RUL) of the kilns. For the purposes of the control cost assessment, an industry 

standard 20-year RUL is used. This is consistent with the CCM. As discussed in the S&L Report (Section 8), a 

longer RUL is theoretically possible, but planning for a longer RUL is not prudent considering the novelty of 

these control options for petroleum coke calcining kilns. Additionally, planning for a longer RUL would 

necessitate substantial increases in both capital and operating costs. According to the S&L Report, the 20-

year equipment life is representative of the most economical equipment design.  

2.6 Energy and Non-air Quality Environmental Impacts 

All of the SO2 emissions reduction options require additional energy for operation and would result in 

various non-air quality environmental impacts primarily related to additional water usage, wastewater 

management, and solid waste management. To the extent possible, these impacts have been quantified in 

the cost analysis prepared by S&L and summarized below. 
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2.7 Costs 

Table 2-3 and Table 2-4 summarize, for the two water supply scenarios, the estimated costs, including total 

and annualized capital costs,10 annual operations and maintenance (O&M) costs, and cost effectiveness 

based on the emission reduction values from Table 2-2 for each of the SO2 emissions reduction options. 

Based on the anticipated determination dates and implementation schedules discussed in Section 2.4, and in 

accordance with the CCM, 2024 is used as the zero-year cost basis. Details of the cost estimates are 

presented in the S&L Report. 

Table 2-3.  Estimated Costs of SO2 Emissions Reduction Options – City of Enid Water Supply 

Scenario 

Emissions 

Unit 

SO2 
Emissions 

Reduction 

Option 

Capital 

Costs  

($) 

Annualized 
Capital 

Costs  

($/year) 

Annual 
O&M 

Costs 

($/year) 

Total 
Annual 

Costs 

($/year) 

Cost 

Effectiveness 

($/ton) 

Kiln 1 

WFGD 144,865,000 17,016,000 23,644,000 40,660,000 6,574 

DFGD 139,944,000 16,438,000 23,704,000 40,142,000 6,691 

DSI 113,618,000 13,346,000 21,995,000 35,341,000 13,477 

Kiln 2 

WFGD 140,639,000 16,519,000 23,038,000 39,557,000 7,390 

DFGD 135,748,000 15,945,000 22,812,000 38,757,000 7,460 

DSI 109,618,000 12,876,000 21,041,000 33,917,000 14,944 

Kiln 3 

WFGD 127,395,000 14,964,000 20,613,000 35,577,000 12,778 

DFGD 123,005,000 14,448,000 19,825,000 34,273,000 12,688 

DSI 100,116,000 11,760,000 17,798,000 29,558,000 25,049 

Table 2-4.  Estimated Costs of SO2 Emissions Reduction Options – Trucked-In Water Supply 

Scenario 

Emissions 
Unit 

SO2 
Emissions 

Reduction 
Option 

Capital 

Costs  
($) 

Annualized 
Capital 

Costs  
($/year) 

Annual 
O&M 

Costs 
($/year) 

Total 
Annual 

Costs 
($/year) 

Cost 

Effectiveness 
($/ton) 

Kiln 1 

WFGD 146,205,000 17,173,000 61,419,000 78,592,000 12,707 

DFGD 141,857,000 16,662,000 59,918,000 76,580,000 12,764 

DSI 113,687,000 13,354,000 51,914,000 65,268,000 24,889 

Kiln 2 

WFGD 141,958,000 16,674,000 59,924,000 76,598,000 14,311 

DFGD 136,887,000 16,079,000 55,642,000 71,721,000 13,804 

DSI 109,691,000 12,884,000 50,317,000 63,201,000 27,847 

Kiln 3 

WFGD 127,283,000 14,951,000 46,529,000 61,480,000 22,082 

DFGD 122,569,000 14,397,000 42,128,000 56,525,000 20,926 

DSI 98,988,000 11,627,000 38,237,000 49,864,000 42,258 

                                            

 

10 The capital costs are annualized using capital recovery factors (CRFs) based on the RUL presented in Section 2.5 and an 
interest rate of ten (10) percent based confidential company-specific capital market information, as presented in the S&L 
Report. 
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2.8 Conclusions 

As suspected based on the quantity of water involved, the City of Enid water supply scenario results in lower 

overall annual costs (and cost effectiveness values) than the trucked-in water supply scenario, which would 

require estimated annual expenditure for trucking in water of approximately $94 million for WFGD, $85 

million for DFGD, and $75 million for DSI in addition to the normal annual O&M costs (totals for all three 

kilns). 

 

The cost effectiveness values for all three control options are economically infeasible even based on the less 

expensive water supply scenario. Based on the detailed, site-specific evaluation completed by S&L, the cost 

effectiveness for DFGD ranges from approximately $6,500/ton to approximately $12,500/ton. This cost 

range is economically infeasible based on precedents from (a) Oklahoma-specific determinations related to 

regional haze Best Available Retrofit Technology (BART) five-factor analyses11 and BACT analyses, and (b) 

regional haze reasonable progress four-factor analysis determinations in other states in EPA Region VI.12 

 

The same range of cost effectiveness applies to the WFGD option, and it is similarly economically infeasible. 

The cost effectiveness for DSI, ranging from approximately $13,200/ton to approximately $24,500/ton, is 

even more unreasonable. 

 

Based on this evaluation of the regional haze reasonable progress four statutory factors (specifically the lack 

of demonstration of these control options for petroleum coke calcining kilns and the economic infeasibility of 

the options for the Plant’s kilns) and the additional factors presented in Appendices B and C that should be 

considered (specifically the fact that current and projected conditions for the Wichita Mountains are better 

than the URP glidepath and the likely inability of any control options to result in appreciable visibility 

impacts), no SO2 emissions reductions options are reasonable for the Plant’s kilns.

                                            

 

11 For example, EPA approved Oklahoma’s BART determination for DSI at $1,758/ton, rejecting DFGD at $3,211/ton, for the 
AEP/PSO Northeastern power plant. See, See, 79 Fed. Reg. 12,954-12,957 and Technical Support Document for the AEP/PSO 
BART Revision to the Oklahoma Regional Haze State Implementation Plan and Federal Implementation Plan (July 2013), p. 16 
– 17. 

12 For example, EPA used a cost threshold of $3,332/ton for first planning period reasonable progress four-factor analyses in 
Texas. See, 81 Fed. Reg. 296, 304, Fnt. 42 (Jan. 5, 2016).  
 

Additionally, EPA’s approval of Arkansas’ first planning period SIP revisions included a reasonable progress analysis cost 
effectiveness value of $2,742/ton for DFGD for Entergy’s Independence Plant (See, 83 Fed. Reg. 62,230 (Nov. 30, 2018)), and 
EPA approved Arkansas’ determination that the control would not be required when weighing of the costs of compliance along 
with the other reasonable progress factors (specifically visibility modeling). See, 84 Fed. Reg. 51,033, 51,040 (Sep. 27, 2019). 
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Sargent & Lundy, SO2 Control Technologies Evaluation to Support Regional Haze Rule Analysis,  
Report SL-015705 
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1. INTRODUCTION

The Central States Air Resource Agencies (CenSARA) regional planning organization (RPO) completed Area 

of Influence (AOI) analyses using the National Oceanic and Atmospheric Administration’s (NOAA)’s Hybrid-

Single Particle Lagrangian Integrated Trajectory Model (HYSPLIT) for each of its Class I areas to assist its 

states with source screening. The Oklahoma Department of Environmental Quality (ODEQ) relied on 

CenSARA’s analysis results for the Wichita Mountains Wildlife Refuge Class I area (“WIMO” or “WIMO1”) as 

the basis for determining which sources would be required to complete a regional haze reasonable progress 

four-factor analysis – ultimately selecting Oxbow Calcining LLC (Oxbow) in Kremlin, Oklahoma as one of the 

sources.  

Oxbow contracted with Trinity to evaluate the CenSARA modeling and complete a refined analysis for 

WIMO. This report summarizes the analysis completed by Trinity.  
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2. HYSPLIT METHODOLOGY

HYSPLIT is a hybrid model using both the Lagrangian approach, which uses a moving frame of reference for 

the advection and diffusion calculations as the trajectories or air parcels move from their initial location and 

the Eulerian methodology, which uses a fixed three-dimensional grid as a frame of reference to compute 

pollutant air concentrations. The dispersion of a hypothetical pollutant is calculated by assuming either puff 

or particle dispersion. The back-trajectory analysis utilized applies a particle model, where a fixed number of 

particles are advected about the model domain by the mean wind field and spread by a turbulent 

component. The model’s default configuration assumes a 3-dimensional particle distribution (horizontal and 

vertical). 

There are two HYSPLIT modeling techniques available: (1) dispersion modeling, which models the 

concentration of dispersed pollutants in a plume, and (2) trajectory modeling, which calculates the transport 

of pollution along a finite path. In its refined analyses, Trinity employed the trajectory modeling tool to 

calculate the back-trajectories for every hour of the 20 percent most impaired days from calendar years 

2013 through 2016. 

There are several options available for meteorological datasets. To resolve topographic features and 

mesoscale meteorological phenomena, Trinity used the 12-km North American Model sigma-pressure hybrid 

dataset (NAMS) meteorological dataset. The following protocol was implemented: 

► The HYSPLIT model was run for each hour of each visibility impaired day (i.e., 24 runs per day)1

► A 72-hour back-trajectory was calculated for each of the 24 runs per day to capture the transport of

pollutants from all nearby sources to a selected endpoint

► The sigma height option was used, with an initial target height of 0.5 sigma, which represents half

the height of the boundary layer. This height is considered to be representative of the mean ground

level of ambient air since the boundary layer is well-mixed/homogenous.

The back-trajectories were then aggregated into a residence time frequency matrix in which the columns 

are longitude bins and rows are latitude bins. For each grid cell (i,j), the frequency, F, is calculated using the 

following equation: 

𝐹𝑖,𝑗 =  
1

𝑁
 ∑ 𝑇𝑖,𝑗  (equation 1) 

where T is the number of trajectory points that are located in a grid cell (i,j), and N is the total number of 

trajectory points analyzed. 

1 CenSARA’s analysis calculated back-trajectories every six hours, or one-sixth of the total number of time-steps for the back-
trajectories used in the Trinity analysis. 
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3. FREQUENCY COMPARISION FOR WICHITA MOUNTAINS

The residence time frequency analysis was conducted for the WIMO monitor location. The results of this 
analysis reveal that the cumulative residence times of air parcels contributing to the 20 percent most 
impaired days in the grid cell containing the Plant are less than 0.02 %. In other words, according to this 
analysis, the Plant is upwind of WIMO for less than 1.5 hours of the total time represented by the 20 % 
most impaired days of the four modeled years. The residence time frequency analysis results for the entire 
region are depicted in Figure 3-1. The map was generated using the HYSPLIT “trajfreq” and “concplot” 
executables, which output interpolated contours based on the discrete grid cell frequency values. 

Figure 3-1. HYSPLIT Residence Time Percent Frequency for WIMO 
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1. INTRODUCTION 

Section 51.308(f) of EPA’s Regional Haze Regulations requires Oklahoma to revise and submit a revision to 

its regional haze state implementation plan (SIP) by July 2021, for the second implementation period ending 

in 2028. This report is focused on the requirement for the SIP to account for regional haze in each 

mandatory Class I area in Oklahoma. The only Class I area in Oklahoma is the Wichita Mountains Wildlife 

Refuge (Wichita Mountains).  

 

The EPA’s Guidance on Regional Haze State Implementation Plans for the Second Implementation Period, 1 

(the EPA SIP Guidance) at p. 5-6, presents eight “key steps in developing a regional haze SIP for the second 

implementation period.” Step 7, entitled Progress, degradation, and [uniform rate of progress] glidepath 
checks, requires states to complete the following demonstrations for each in-state Class I area: 

 

 “Demonstrate that there will be an improvement on the 20 percent most anthropogenically impaired 

days in 2028 at the in-state Class I area, compared to 2000-2004 conditions. 

 Demonstrate that there will be no degradation on the 20 percent clearest days in 2028 at the in-

state Class I area, compared to 2000-2004 conditions. 

 Determine the [uniform rate of progress (URP) glidepath] that would achieve natural conditions at 

the in-state Class I area in 2064. The [URP glidepath] may be adjusted for international 

anthropogenic impacts and certain wildland prescribed fires subject to EPA approval as part of EPA’s 

action on the SIP submission. 

 Compare the 2028 [reasonable progress goal (RPG)] for the 20 percent most anthropogenically 

impaired days to the 2028 point on the [URP] glidepath for the in-state Class I area. If the [RPG] is 

above the [URP] glidepath demonstrate that there are no additional emission reduction measures for 

anthropogenic sources or groups of sources in the state that may reasonably be anticipated to 

contribute to visibility impairment in the Class I area that would be reasonable to include in the 

[long term strategy]. If the [reasonable progress goal] is above the [URP] glidepath, also provide 

the number of years needed to reach natural conditions.” 

 

Each of these requirements may be demonstrated for each in-state Class I area through a review of 

historical and current visibility conditions/observations and model-predicted 2028 conditions and a 

comparison of these conditions to the URP glidepath provided by the EPA in its September 19, 2019 

memorandum Availability of Modeling Data and Associated Technical Support Document for the EPA’s 
Updated 2028 Visibility Air Quality Modeling2 (the EPA 2028 Modeling TSD).  

 

This report provides Trinity’s review for the Wichita Mountains Class I area Interagency Monitoring of 

Protected Visual Environments (IMPROVE) network monitor (WIMO1).  

                                            

1 Guidance on Regional Haze State Implementation Plans for the Second Implementation Period, August 2019, EPA-457/B-19-
003 

2 https://www.epa.gov/sites/production/files/2019-10/documents/updated_2028_regional_haze_modeling-tsd-2019_0.pdf 
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2. ANALYSIS OF VISIBILITY CONDITIONS AT WICHITA MOUNTAINS 

2.1 Background 

Visibility impairment or “haze” is described by the light extinction visibility metric in units of inverse 

megameters (Mm-1). Because the inverse-distance units are difficult to conceptualize, the deciview haze 

index (dv) was developed. Extinction values are converted to deciviews using a logarithmic equation3 such 

that the deciview scale is nearly zero for a pristine atmosphere, and, like the decibel scale for sound, 

equivalent changes in deciviews are perceived similarly across a wide range of background conditions.4 Light 

extinction in the Class I areas is observed via the IMPROVE network of Class I area air monitors. IMPROVE 

visibility data are available on the IMPROVE website.5 

 

EPA has selected the deciview scale as the most appropriate visibility metric for regulatory purposes 

because it is more conducive to describing and comparing humanly perceptible visibility changes at different 

Class I areas and for a wide range of visibility conditions. According to EPA, a “one-deciview change in 

haziness is a small but noticeable change in haziness under most circumstances”.6 However, other studies 

disagree and have suggested that a “1-deciview change never produces a perceptible change in haze.”7 

 

Section 169A of the Clean Air Act (CAA) sets forth a national goal for the “prevention of any future, and the 

remedying of any existing, impairment of visibility in Class I areas which impairment results from manmade 

air pollution.” In 1999, the Regional Haze Program was promulgated to require states to include provisions 

to address impairment of visibility in Class I areas in their SIPs.8 The Regional Haze Program requires setting 

reasonable progress goals towards achieving natural visibility conditions at each Class I area. The 

reasonable progress goals must provide for an improvement in visibility for the most impaired days over the 

period of the implementation plan and ensure no degradation in visibility for the least impaired days over 

the same period.9 Reasonable progress goals are compared to the Uniform Rate of Progress (URP) or 

“glidepath” needed to achieve natural conditions in 2064.10 The URP is a straight line from baseline visibility 

conditions (average of the 20 percent most impaired days as of 2004) to natural visibility conditions (to be 

achieved in 2064 for the 20 percent most impaired days).  

 

The EPA SIP Guidance contains a few key differences from the processes that took place during the first 

planning period. Most notably, the second planning period analysis distinguishes between natural (or 

biogenic) and manmade (or anthropogenic) sources of emissions, and allows for the adjustment of the URP 

glidepath to account for the impact of international sources on the Class I areas. The methods described in 

the EPA Visibility Tracking Guidance for selecting the twenty (20) percent most impaired days to track 

                                            

3 Deciview = 10 × ln (Extinction ÷ 10). 

4 U.S. EPA, Visibility in Mandatory Federal Class I Areas (1994-1998): A Report to Congress at 1-5 - 1-7 (November 2001). 

5 http://vista.cira.colostate.edu/Improve/. 

6 Regional Haze Regulations, 64 Fed. Reg. 35,725-27 (July 1999). 

7 Ronald C. Henry, “Just-Noticeable Differences in Atmospheric Haze,” Journal of the Air & Waste Management Association, 
Vol. 52 at 1,238 (October 2002). 

8 64 FR 35714. 

9 40 CFR 51.308(d)(1) 

10 40 CFR 51.308(f)(1)(iv)(A) 
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visibility have been applied by the IMPROVE group to the data collected for each Class I area, including the 

WIMO1 monitor. 

 

The differences also result in changes to the URP glidepath established during the first planning period. The 

EPA 2028 Modeling TSD presents four glidepath options for each Class I area: unadjusted, adjusted default, 

adjusted minimum, and adjusted maximum. Trinity understands that ODEQ plans to adopt the adjusted 

default URP glidepath presented by EPA. 

 

The EPA also requires the tracking of the 20 percent clearest days at each Class I area to ensure that the 

visibility on the clearest days is not being degraded. For the second planning period, the tracking of the 20 

percent clearest days remains unchanged. The selection of the 20 percent clearest days does not include 

any processing to factor out natural sources of impairment.  

2.2 Visibility Conditions at Wichita Mountains 

Table 2-1 presents a summary of the annual-average haze index values (dv) based on observations for the 

20 percent most impaired days and the 20 percent clearest days for each year from 2002 to 201811 for 

WIMO1. 

Table 2-1. Summary of Haze Index Values for WIMO1 (2002-2018) 

Year 
Average of 20 Percent 

Most Impaired Days (dv) 
Average of 20 Percent 

Clearest Days (dv) 

2002 22.26 9.75 

2003 22.02 10.02 

2004 22.16 9.56 

2005 24.39 10.59 

2006 20.83 9.74 

2007 22.38 9.32 

2008 21.06 9.85 

2009 -- A -- A 

2010 20.92 9.22 

2011 21.24 10.34 

2012 19.44 8.88 

2013 19.54 8.44 

2014 20.42 9.26 

2015 18.08 8.49 

2016 16.45 8.08 

2017 17.50 7.74 

2018 18.16 8.77 
A Summarized data are not available. 

 

Figure 2-1 at the end of this section plots the observation data in Table 2-1 and the URP glidepath to show 

how the observed visibility impairment at WIMO1 has decreased (i.e., improved) overall and has remained 

below the URP glidepath for the last several years. As shown in Figure 2-1, the current Class I area visibility 

conditions are better than necessary (or ahead of schedule) to return Wichita Mountains to natural visibility 

conditions in 2064. 

                                            

11 As of the drafting of this report, summarized annual IMPROVE monitoring data is available through the year 2018. 
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Figure 2-1 also shows the projected 2028 haze index values from the EPA 2028 Modeling TSD. EPA’s 

modeling shows the projected 2028 haze index is three percent (3%) below the URP Glidepath. Therefore, if 

the EPA projected 2028 haze index values were adopted by ODEQ as the RPG in 2028 the objective of the 

Regional Haze Program to improve the most impaired days and not cause additional degradation to the 

clearest days would be satisfied. Additionally, the projected 2028 haze index values show that projected 

Class I area visibility conditions at the end the second planning period are better than necessary (or ahead 

of schedule) to return Wichita Mountains to natural visibility conditions in 2064. 

 

Lastly, the projected 2028 most-impaired days result from recent CAMx modeling completed by the Texas 

Commission on Environmental Quality (TCEQ) is also shown in Figure 2-1.12 It also indicates that the 2028 

projected visibility impairment at WIMO1 is below the URP glidepath. 

 

Taken together, all monitoring evidence and modeled predictions indicate that current projected emissions 

are sufficient to show reasonable progress at Wichita Mountains without the operation of additional emission 

controls for sources under the ODEQ’s reasonable progress analyses.   

                                            

12 Regional Haze Modeling to Evaluating Progress in Improving Visibility in and near Texas, dated January 21, 2020 
(https://www.tceq.texas.gov/assets/public/implementation/air/am/contracts/reports/pm/5822010567009-20200121-ramboll-
RegionalHazeModelingEvaluateProgressVisibility.pdf) 
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Figure 2-1. Observations and Modeled Predictions Compared to URP Glidepath for WIMO1 
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3. CONCLUSIONS 

The observed visibility impairment at the WIMO1 has decreased (i.e., improved) overall and is below the 

URP glidepath required by the regional haze program. In addition, EPA’s and TCEQ’s modeling indicates that 

the 2028 projected visibility impairment is below the URP glidepath. Therefore, emissions reductions 

currently contained in the modeling are sufficient to show reasonable progress for this round of the Regional 

Haze planning. In addition to emissions reductions currently contained in the modeling, additional emissions 

decreases have occurred or are soon to occur at two other sources that allegedly contribute to visibility 

impairment at WIMO1: LafargeHolcim’s cement plant in Ada, OK13 (183.49 km from the Wichita Mountains) 

and American Electric Power’s Oklaunion power plant in Vernon, TX (just south of the Oklahoma-Texas 

border and approximately 83.67 km from the Wichita Mountains).14 These reductions should provide 

additional progress for the second planning period. 

 

In summary, based on the current visibility data and known emission reductions, additional emission 

reductions from Oklahoma industrial facilities are not necessary to show reasonable progress for this round 

of Regional Haze planning. 

                                            

13 The reported and modeled 2016 emission rate and modeled 2028 emission rate was 2,203 tpy, but reported 2018 emissions 
(following a plant rebuild in 2017) were 68 tpy. 

14 Distances are from the Area of Influence analysis spreadsheet (facilityemis.ewrt.qd2028.alltraj.xlsx) generated by Ramboll 
for the Central States Air Resources Agencies (CenSARA) and utilized by ODEQ for source screening. 
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APPENDIX D. PROJECTED EMISSION RATE ERROR IN CENSARA’S AREA 
OF INFLUENCE ANALYSIS 

CenSARA, ODEQ, and EPA used various sources of historical and projected 2028 emissions in support of the 

Regional Haze SIP development process. For example, CenSARA conducted an Area of Influence (AOI) 

analysis to assist states, including Oklahoma, in selecting sources for four-factor analyses. The CenSARA 

AOI analysis evaluated 2016 actual emissions and 2028 projected emissions from the following EPA 

emissions inventories: 

 

 Historical actual 2016 emissions are from the 2016NEI version alpha, and  

 Projected 2028 emissions are from the 2011v6.3 Modeling Platform, which based projected 2028 

emissions on 2011 actual emissions with adjustments for non-electrical generating units with 

regards to known closures and expected emissions reductions from other programs (none of these 

adjustments were applied to the Plant). 

 

CenSARA’s projected 2028 SO2 emission rate for the Plant was 10,070 tpy. This value is less than the 

projected 2028 SO2 emission rate in EPA’s latest modeling platform (2016v7.2 beta and Regional Haze): 

12,663 tpy. This level of SO2 emissions is representative of the anticipated 2028 SO2 emissions from the 

Plant. For any additional analyses based on 2028 projected emissions, EPA’s 2016v7.2 (beta and Regional 

Haze) or EPA’s 2016v1 (final version of the 2016 modeling platform) should be used. 

 

Oxbow and Trinity understand that ODEQ used the correct, historical actual 2016 emissions (12,663 tpy) for 

its source selection decisions. 

 




