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VISIBILITY IMPROVEMENT
a

Visibility Improvement State and Tribal Association of the Southeast

June 22, 2020

Virendra Trivedi, Acting Director
Pennsylvania Bureau of Air Quality
PO Box 8468

Harrisburg, Pennsylvania 17105-8468

RE: Request for Regional Haze Reasonable
Progress Analyses for Pennsylvania
Sources Impacting VISTAS Class | Areas

Dear Mr. Trivedi:

The Regional Haze Regulation 40 CFR § 51.308(d) requires each state to “address regional haze
in each mandatory Class | Federal area located within the State and in each mandatory Class |
Federal area located outside the State which may be affected by emissions from within the
State.” 40 CFR § 51.308(f) requires states to submit a regional haze implementation plan
revision by July 31, 2021. As part of the plan revision, states must establish a reasonable
progress goal that provides for reasonable progress towards achieving natural visibility
conditions for each mandatory Class | Federal area (Class | area) within their state. 40 CFR §
51.308(d)(1) requires that 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.”

In establishing reasonable progress goals, states must consider the four factors specified in §
169A of the Federal Clean Air Act and in 40 CFR § 51.308(f)(2)(i). The four factors are: 1) the
cost of compliance, 2) the time necessary for compliance, 3) the energy and non-air quality
environmental impacts of compliance, and 4) the remaining useful life of any potentially
affected sources. Consideration of these four factors is frequently referenced as the “four-
factor analysis.”

To assist its member states, the Visibility Improvement State and Tribal Association of the
Southeast! (VISTAS) and its contractors conducted technical analyses to help states identify

1 The VISTAS states are Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina,
Tennessee, Virginia, and West Virginia.

-1-



sources that significantly impact visibility impairment for Class | areas within and outside of the
VISTAS region. VISTAS initially used an Area of Influence (Aol) analysis to identify the areas and
sources most likely contributing to poor visibility in Class | areas. This Aol analysis involved
running the HYSPLIT Trajectory Model to determine the origin of the air parcels affecting
visibility within each Class | area. This information was then spatially combined with emissions
data to determine the pollutants, sectors, and individual sources that are most likely
contributing to the visibility impairment at each Class | area. This information indicated that the
pollutants and sector with the largest impact on visibility impairment were sulfur dioxide (SO>)
and nitrogen oxides (NOx) from point sources. Next, VISTAS states used the results of the Aol
analysis to identify sources to “tag” for PM (Particulate Matter) Source Apportionment
Technology (PSAT) modeling. PSAT modeling uses “reactive tracers” to apportion particulate
matter among different sources, source categories, and regions. PSAT was implemented with
the Comprehensive Air Quality Model with extensions photochemical model (CAMx Model) to
determine visibility impairment due to individual sources. PSAT results showed that in 2028 the
majority of visibility impairment at VISTAS Class | areas will continue to be from point source
SO; and NOx emissions. Using the PSAT data, VISTAS states identified, for reasonable progress
analysis, sources shown to have a sulfate or nitrate impact on one or more Class | areas greater
than or equal to 1.00 percent of the total sulfate plus nitrate point source visibility impairment
on the 20 percent most impaired days for each Class | area. This analysis has identified the
following sources in Pennsylvania that meet this criterion:

e NRG Wholesale Gen/Seward Gen Sta (42063-3005111)
e Homer City Gen LP/Center TWP (42063-3005211)
e Genon NE Mgmt Co/Keystone Sta (42005-3866111)

Information regarding projected 2028 SO, and NOx emissions and visibility impacts on VISTAS
Class | areas is shown in the tables attached to this letter (Attachment 1).

As required in 40 CFR § 51.308(d)(1)(i)(A), VISTAS, on behalf of Georgia, North Carolina, South
Carolina, Tennessee, Virginia, and West Virginia, requests that Pennsylvania conduct, or require
that the sources in question initiate, and share when completed, the results of a reasonable
progress analysis for each noted source with VISTAS. This will be helpful to the VISTAS states as
they begin the formal Federal Land Manager consultation process for their individual draft
Regional Haze Plans in early 2021. So that the VISTAS states can include the results of your
state's reasonable progress analyses in developing the long-term strategies for Class | areas in
their states, we request that you submit this information to VISTAS no later than October 30,
2020. If any reasonable progress analyses cannot be completed by this date, please provide, no
later than this date, notice of an attainable date for completion of the analysis. If you
determine that a four-factor analysis is not warranted for one or more of the identified sources,
please provide the rationale for this determination by the requested date.

In developing projected 2028 emissions for these sources, VISTAS utilized ERTAC_16.0
emissions projections and sought additional input from Pennsylvania in February 2020. Please
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review these projections to verify that they are reasonable. Should you be aware of significantly
different emission projections for 2028 for any of the sources or pollutants, please provide
revised estimates within thirty (30) days of the date of this letter. The applicable VISTAS states
will review any revised emission estimates, determine if reasonable progress analyses are not
needed to meet their regional haze obligations, and notify you accordingly.

Updated 2028 emission projections, if necessary, the results of your state’s reasonable progress
analyses for the requested sources, and any necessary ongoing communications should be sent
via email to vistas@metro4-sesarm.org.

Should you have any questions concerning this request, please contact me through September
30, 2020, at 404-361-4000 or hornback@metro4-sesarm.org.

Sincerely,

]
’_1;3 ot by
John E. Hornback
Executive Director
Metro 4/SESARM/VISTAS

Attachment

Copies: Karen Hays, Georgia Air Protection Branch
Mike Abraczinskas, North Carolina Division of Air Quality
Rhonda Thompson, South Carolina Bureau of Air Quality
Michelle Walker Owenby, Tennessee Division of Air Pollution Control
Mike Dowd, Virginia Air and Renewable Energy Division
Laura Crowder, West Virginia Division of Air Quality
Marc Cone, Mid-Atlantic Regional Air Management Association
Paul Miller, Northeast States for Coordinated Air Use Management


mailto:vistas@metro4-sesarm.org
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Attachment 1: Projected 2028 SO, and NOyx Emissions and VISTAS Class | Area Impacts

Table 1. NRG Wholesale Gen/Seward Gen Sta (42063-3005111)

Modeled SO = 6,813.9 tpy, Modeled NOx = 1,632.9 tpy

Sulfate Nitrate Total EGU & non- Sulfate Nitrate

PSAT PSAT EGU Sulfate + PSAT % PSAT %

Impacted VISTAS Class | Area (Mm?) (Mm?) Nitrate (Mm?) Impact Impact
Shenandoah NP 0.172 0.003 15.375 1.12% 0.02%

Table 2. Homer City Gen LP/Center TWP (42063-3005211)
Modeled SO, =9,274.9 tpy, Modeled NOx = 4,962.3 tpy

Sulfate Nitrate Total EGU & non- Sulfate Nitrate

PSAT PSAT EGU Sulfate + PSAT % PSAT %

Impacted VISTAS Class | Areas (Mm?) (Mm?) Nitrate (Mm?) Impact Impact
Shenandoah NP 0.274 0.010 15.375 1.78% 0.06%
Swanquarter Wilderness Area 0.151 0.008 10.894 1.38% 0.07%

Table 3. Genon NE Mgmt Co/Keystone Sta (42005-3866111)
Modeled SO, = 21,066.4 tpy, Modeled NOx = 5,086.3 tpy

Sulfate Nitrate Total EGU & non- Sulfate Nitrate

PSAT PSAT EGU Sulfate + PSAT % PSAT %

Impacted VISTAS Class | Areas (Mm?) (Mm?) Nitrate (Mm?) Impact Impact
Shenandoah NP 0.740 0.009 15.375 4.81% 0.06%
Swanquarter Wilderness Area 0.375 0.009 10.894 3.44% 0.09%
Cape Romain Wilderness 0.320 0.002 14.028 2.28% 0.01%
Linville Gorge Wilderness Area 0.235 0.000 12.884 1.82% 0.00%
James River Face Wilderness 0.217 0.005 14.404 1.51% 0.04%
Dolly Sods Wilderness 0.246 0.001 19.349 1.27% 0.00%
Shining Rock Wilderness Area 0.151 0.000 12.313 1.23% 0.00%
Great Smoky Mountains NP 0.166 0.001 13.916 1.19% 0.01%
Wolf Island Wilderness 0.149 0.002 12.957 1.15% 0.01%
Joyce Kilmer-Slickrock Wilderness 0.154 0.000 13.694 1.12% 0.00%
Cohutta Wilderness Area 0.137 0.002 13.229 1.04% 0.01%
Okefenokee Wilderness Area 0.137 0.002 13.400 1.02% 0.01%
Otter Creek Wilderness 0.190 0.001 19.077 1.00% 0.00%
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Four Factor Analysis Project No. 60634468-1
Keystone Generating Station Units 1 and 2

1. Introduction

The Pennsylvania Department of Environmental Protection (PA DEP) Bureau of Air Quality
notified the Keystone Generating Station (Keystone Station) that PA DEP is developing a State
Implementation Plan (SIP) for the Second Decadal Review period of the federal Regional Haze
Rule (42 USC §7491 — Visibility Protection for Federal Class | Areas). The Regional Haze Rule
(RHR) requires state and federal agencies to work to improve visibility in U.S. National Parks
and Wilderness Areas throughout the country (see 40 CFR 8§ 81.401 through 81.437) with the
ultimate goal of achieving “natural background” visibility in these Class | areas by the year 2064.
Every ten years, agencies are required to evaluate their plans and consider whether additional
emission reductions at certain major sources are warranted to continue realizing “reasonable
progress” in visibility improvement. PA DEP identified the Keystone Station Units 1 and 2 as
sources requiring an analysis for potential reductions of sulfur dioxide (SO-.) emissions and
nitrogen oxides (NOx) emissions. Primary PMyo is another pollutant that may contribute to
visibility impairment (although to a much lesser extent relative to SO, and NOx), but emissions
of this pollutant are not required to be evaluated for this analysis — see Section 3 of this report
for detalils.

As outlined in the RHR, this analysis, referred to as a “Four-Factor Analysis”, needs to first
identify all technically feasible control technologies for additional SO, and NOx emissions
control. Each feasible control option then needs to be evaluated relative to the following four
statutory factors:

1) Cost of implementing emission controls;

2) Time necessary to install such controls;

3) Energy and non-air quality impacts associated with installing controls; and
4) The remaining useful life of the facility.

In May 2020, the PA DEP requested Keystone Station to perform the subject analysis for Units
1 and 2, and submit their findings to the PA DEP. Appendix A provides a copy of the PA DEP’s
letter request. Keystone Station contracted AECOM to assist with the analysis. Although not
required to be included in the analysis, states have the option to consider a fifth factor —
evaluation of visibility benefits - in addition to the four statutory factors when making their
reasonable progress determinations. This analysis includes the fifth factor (see Section 7) to
provide additional information to PA DEP to assist in their consideration for the need of
additional controls for visibility improvement.

The initial analysis was submitted to the PA DEP in July 2020. This revised (Rev. 01) analysis
was prepared in response to comments from the PA DEP and other reviewers that were
received by Keystone Station (and forwarded to AECOM) on August 18, 2020.

This report provides a description of the affected source (Section 2), a summary of the actions
taken during First Decadal Review period of the RHR (Section 3), a summary of actual baseline
emissions (Section 4), a discussion of existing emission controls (Section 5), and identification
of potentially feasible control options and an assessment of each of the four statutory factors for
these options (Section 6). Additionally, Section 7 provides a “fifth factor” analysis of the
prospective visibility impacts to Class | areas of potential SO, controls for PA DEP’s
consideration. Finally, Section 8 presents a summary of this report’s findings.

AECOM



Four Factor Analysis Project No. 60634468-1
Keystone Generating Station Units 1 and 2

2. Source Description

Keystone Generating Station, which is located at 313 Keystone Dr, Shelocta, PA 15774, is
licensed to operate under environmental permits issued to Keystone-Conemaugh Projects, LLC.
The Station operates under PA DEP’s Title V Operating Permit No. 03-00027 (Expiration date —
March 31, 2025).

Keystone Station Unit 1 and Unit 2 are each identical bituminous coal-fired boilers with a steam
turbine-driven electric generator that provide electricity to the regional electric grid.
Manufactured by Combustion Engineering, Units 1 and 2 were commissioned in 1967 and 1968,
respectively, and fire bituminous coal mined in Pennsylvania. The nominal maximum operating
conditions for each boiler and generator are heat input of 8,717 MMBtu/hr and gross electrical
output of 910 MW, respectively. No. 2 fuel oil is used as the boiler start-up fuel and for
supplemental firing as needed.

Each boiler is equipped with the following emissions control devices: Low-NOx burners,
selective catalytic reduction (SCR, installed in 2003) for NOx control, electrostatic precipitator
(ESP) for particulate matter (PM) control, hydrated lime (sorbent) injection system for sulfuric
acid mist (H2S0O.) control, and a wet flue gas desulfurization (FGD, installed in 2009) system for
SO:; and additional PM control. These control devices also provide co-beneficial emissions
control for a suite of other pollutants such as mercury and acid gas emissions. Process gases
at each unit are routed through the emission control systems using induced draft (ID) booster
fans. Process gases from each FGD system are discharged to the atmosphere through a single
exhaust flue contained in one concrete stack (designated as S12 in the Title V permit).

Unit 1 and Unit 2 are subject to, and compliant with, the Cross-State Air Pollution Rule (CSAPR
or Transport Rule) and the related requirements promulgated under 25 Pa. Code Chapter 139
and 40 CFR 75 - Continuous Emissions Monitoring. Keystone Station operates and maintains
(i) certified continuous emission monitoring systems (CEMs) for NOx, SO, and carbon dioxide
(CO») and (ii) a certified exhaust gas stream flow monitor at the exhaust duct. Certified
emissions, heat input and gross electrical load data are submitted quarterly to the PA DEP and
U.S. Environmental Protection Agency (EPA).

Units 1 and 2 are also subject to, and compliant with, the following EPA and PA DEP
regulations:

» 2010 SO National Ambient Air Quality Standard (NAAQS) — a compliance modeling
study completed by AECOM for the Indiana, PA designated non-attainment area
demonstrated that current SO, emission impacts from the Keystone Station’s units are
compliant with the NAAQS

» PA DEP RACT Il Rule — Units 1 and 2 demonstrate compliance with the presumptive
NOx RACT limits for coal-fired electric generating boilers equipped with SCR

» Coal- and Qil-Fired Electric Utility Steam Generating Units (EGU) National Emission
Standards for Hazardous Air Pollutants (NESHAP) Rule, also known as the Mercury Air
Toxics Standards (MATS) Rule. Under the MATS Rule, Units 1 and 2:

e Have attained Low-Emitting EGU (LEE) status for non-mercury metals using
filterable PM as the surrogate pollutant;

o Have attained LEE status for acid gas (HCI) standard; and,

e Monitor mercury emissions using a sorbent trap sampler (nominal weekly
sampling period).

AECOM



Four Factor Analysis Project No. 60634468-1
Keystone Generating Station Units 1 and 2

In summary, contemporary emission control devices are already installed, operated and
maintained at Units 1 and 2, and these devices provide for effective control of criteria and
hazardous air pollutants.

3. First Regional Haze Planning Period Reasonable Progress
Determination

During the First Decadal Review period of the RHR (i.e., 40 CFR 51 Subparts 308 and 309),
Units 1 and 2 were subject to Best Available Retrofit Technology (BART) review because they
had been placed into service within the rule-specified BART applicability window (between
August 7, 1962 and August 7, 1977) and satisfied the other eligibility criteria. BART
requirements for SO, and NOx emissions were satisfied by compliance with U.S. EPA’s Clean
Air Interstate Rule (CAIR), now superseded by the more stringent CSAPR, per U.S. EPA who
ruled that CAIR achieved greater reasonable progress than BART for SO, and NOx emissions
at BART-eligible electric generating units located in CAIR-affected states. A BART analysis
(dispersion modeling study) for primary PMio emissions was completed by AECOM and
submitted to the PA DEP in January 2007, and that study concluded that visibility impacts from
primary PM1o emissions from the Units 1 and 2 were imperceptible at the nearest Class | areas
(Shenandoah National Park, Dolly Sods and Otter Creek Wilderness Areas). The Keystone
Station has since further reduced its actual SO, and NOx emissions, as described in the next
section.

4. Source Emissions

Actual emissions for Units 1 and 2 are summarized in Table 4-1. At the Keystone Station,
actual emissions of SO have been reduced between 2006-2008 (indicative of the baseline
emissions prior to implementation of the regional haze program) and 2019 by more than 89%
and emissions of NOx have been reduced by 48% over the same period. The emission
reductions are indicative of the reductions achieved since commencement of the regional haze
program and are attributable to installation of a wet flue gas desulfurization (FGD) system in
2009, the use of SCR and compliance with PA DEP’s RACT Il rule, compliance with other
environmental programs such as CSAPR and the SO> NAAQS implementation, and to a lesser
extent, the reduced level of utilization of these units.

AECOM understands that the PA DEP requested NOx and SO four-factor analyses for Units 1
and 2 based, in part, on a metric used by the National Park Service (NPS) for evaluating
potential impacts to visibility at the nearby Class | Areas (Dolly Sods and Otter Creek
Wilderness and Shenandoah National Park). The metric is equal to the source annual
emissions (tons) divided by distance between the source and the Class | Area (km). The NPS
selected a ratio of 1.0 or greater as the threshold for identifying sources that could affect
visibility conditions in the Class | Areas. While the metric may be appropriate as a screening
tool, it does not consider the direction of the prevailing winds from the source to the Class |
Areas (Figure 7-1 presents the location of the Keystone Generating Station in relation to nearby
Class | Areas). For Keystone Generating Station, wind direction data were generated using five
years (2009 - 2013) of wind speed / wind direction data at the Johnstown, PA airport. As
depicted in the resultant wind rose presented in Figure 4-1, winds from the north and north-
northwest (i.e., from the Keystone Generating Station toward the nearby Class | areas to the
south) are very infrequent, which suggests that emissions from Units 1 and 2 rarely impact
visibility conditions in those Class | areas.
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Figure 4-1 Johnstown Airport 5-Year (2009 -2013) Wind Rose
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Four Factor Analysis Project No. 60634468-1
Keystone Generating Station Units 1 and 2

Table 4-1 Keystone Generating Station — Unit 1 and Unit 2 Actual Annual Operation and Emissions

NOy
Capacit Emissions
Annual P y when flue
i Operatin Power Factor Annual SO, Emissions @ NO, Emissions @ as
Time Unit b (a)g Output® | based | Fuel Use® 2 X 9
b
Period Hours on MW ® temperature
at SCR inlet
> 600°F ©
(hriyr) (MW) % (MMBtu/yr) | (tonlyr) | (Ib/MMBtu) | (ton/yr) | (Ib/MMBtu) | (Ib/MMBtu)
1 8,101 6,993,291 88% 62,799,882 89,735 2.86 7,137 0.227 NOt
applicable
2006 2 8,023 6,823,606 | 86% 60,103,001 | 85,408 2.84 6,466 0.215 Not
through applicable
2008 | Average | 8,062 | 6,908,448 | 87% | 61,451,441 | 87,571 2.85 6,801 0.221 Not
applicable
Total 175,143 -- 13,603 -- --
1 8,185 6,498,402 82% 61,842,784 11,868 0.384 3,937 0.127 0.104
2019 2 6,884 5,377,298 67% 50,498,750 7,939 0.314 3,203 0.127 0.103
Average 7,534 5,937,850 74% 56,170,767 9,903 0.353 3,570 0.127 0.104
Total 19,806 -- 7,140 -- --
Emission Reduction 89% -- 48% -- --

(a) USEPA Air Markets Program Data (https://ampd.epa.gov.ampd/).
(b) Rated capacity for each unit is 910 MW, gross.

(c) Per PA DEP RACT Il Rule, presumptive NOx emission limits for a coal-fired EGU boiler with SCR is 0.12 Ib/MMBtu when flue gas temperature at
SCR inlet =2 600°F, 0.35 Ib/MMBtu when flue gas temperature at SCR inlet is < 600°F (rolling 30-boiler operating day averaging period)*

125 Pa. Code §129.97(g)(1)(viii) and 25 Pa. Code §§129.97(g)(L)(vi)(B)
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Four Factor Analysis Project No. 60634468-1
Keystone Generating Station Units 1 and 2

5. Existing Emission Controls

EPA's regional haze guidance? includes several criteria that, if applicable, would indicate that a
source already has effective controls in place as result of a previous regional haze decision or
other Clean Air Act (CAA) requirements and as such, it may be reasonable for the state to not
select that source for further analysis.® In addition, EPA guidance for effectively controlled
sources suggests that a full four-factor analysis would likely result in a conclusion that no
additional controls are necessary.

51 SO, Control Measures

In addition to the certified CEMs noted in Section 2, Keystone Station operates and maintains
diagnostic SO, and CO2 CEMs at the inlets to the FGD absorbers. Data from these diagnostic
CEMs are not reported to the agencies, but are rather used by Station Operations to gauge
performance of the FGD and other systems. The inlet diagnostic CEMS are calibrated
periodically, so the data are reliable. Using 2019 hourly-averaged data from the diagnostic
(inlet) and certified (i.e., actual stack emissions) CEMs yields SO, control efficiencies of 90.7%
and 92.7% for Units 1 and 2, respectively.

5.2 NOx Control Measures

The Keystone Station Units 1 and 2 use low-NOx burners and SCR systems to control NOx
emissions. NOx emissions from Units 1 and 2 prior to the installation of the low-NOx burners
(1995) were approximately 0.7 Ib/MMBtu (see RACT 1993-1995 proposals submitted to the PA
DEP). When operating conditions are sufficient to allow aqueous ammonia injection in the SCR
(close to the threshold specified in the PA DEP RACT Il Rule, see Table 4-1), average NOx
emissions from Units 1 and 2 were 0.104 and 0.103 Ib/MMBtu, respectively, in 2019, which
equates to an overall NOx control efficiency of 85% achieved by the low NOx burners and
SCRs. Therefore, based on the current actual NOx emission rate and control efficiency, the
existing NOx controls are highly effective.

6. Emissions Control Options

This section presents an evaluation of potential emissions reduction options applicable to SO,
and NOx emissions from Units 1 and 2. The evaluation starts with listing potential control
options and determining if the option is technically infeasible. For those options considered
technically feasible, an analysis will be conducted considering the four statutory factors: (1)
costs of compliance; (2) the time necessary for compliance; (3) the energy and non-air quality
environmental impacts of compliance; and (4) the remaining useful life of the emission unit.
Following that evaluation are conclusions related to the feasibility and reasonability of
implementing the remaining approaches.

6.1 Identification of Potentially Available SO, Emissions Reduction Options

There are multiple options for controlling the emissions of SO, from coal-fired EGUs. These
options fall in three general categories:

— Wet Flue Gas Desulfurization (wet FGD),

2 Guidance on Regional Haze State Implementation Plans for the Second Implementation Period, August 20, 2019.
8 Guidance on Regional Haze State Implementation Plans for the Second Implementation Period, August 20, 2019 (Page 23).
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Keystone Generating Station Units 1 and 2

“Dry” FGD (e.qg.; spray dryer absorber (SDA), circulating dry scrubbers (CDS), or novel
integrated desulfurization (NID)), or

— Dry Sorbent Injection (DSI).

Among these, the most effective at controlling SO, emissions from coal-fired boilers is a wet
FGD system. Units 1 and 2 at the Keystone Station already have wet limestone FGD, which is
the top level of control in terms of overall efficiency.

The use of dibasic acid, an organic acid buffer, to increase SO, control was considered. A
buffer increases SO, control by decreasing the drop in pH at the gas-liquid interface which
occurs as SO is absorbed. However, this option was rejected because it can inhibit mercury
control. Increasing the limestone stoichiometric ratio (LSR, moles of Ca per moles of SO>
absorbed) may provide a marginal improvement in SO, removal. However, the FGD system
already operates at the preferred LSR needed for scrubber operation.

6.1.1 Costs of Compliance (Factor 1)

At the Station, SO, emissions are controlled by wet limestone FGD, and as such, SO»
emissions are already well controlled (> 90 percent removal). Therefore, the potentially
available control options to further reduce SOz emissions are limited to process improvements.
Keystone Station has already implemented several process improvements designed to increase
the efficacy of the wet FGD system during the past eleven years, which overlap with the first
and second decadal review periods of the RHR. The process improvements included the
following:

» Optimized the performance of the slurry recycle pumps for the FGD absorber to allow
for consistent feed of limestone slurry to the spray banks;

» Optimized the performance of the limestone ball mill to allow for a finer grade of
pulverized limestone, which in turn allows for a more consistent limestone slurry;

» Configured the distributed control system to automatically adjust process variables to
ensure that absorber pH and limestone slurry density are maintained within the
specified tolerances; and,

» Implemented a preventative maintenance plan to proactively address potential
equipment issues related to FGD performance.

The regulatory drivers for the process improvements included the following:

» EPA’s MATS Rule - compliance with this rule began in April 2015. FGD efficacy
improvements were implemented during the years 2014 through 2020 to ensure
compliance with the MATS mercury emissions limits. These improvements also
resulted in co-beneficial reductions in SO2 emissions as demonstrated in the
summary table below. (The exhaust gas flues for Units 1 and 2 are in a single
chimney, the flue gas streams merge upon discharge to the atmosphere.)

» EPA’s 2010 SO2 NAAQS compliance demonstration — A dispersion model analysis
was performed to determine the Units 1 and 2 SO, emission limit required to
demonstrate compliance with the 1-hour SO> NAAQS. For Keystone Station, the
modeling exercise showed that the new SO, emission limit, which became applicable
in October 2018 (during the second decadal review period for the RHR) is
approximately 50 percent of the previous emission limit that was applicable when the
FGD systems began operations in late 2009.

» Keystone Station also utilizes a dry sorbent (hydrated lime, calcium hydroxide)
injection system at Units 1 and 2 to reduce sulfur trioxide / sulfuric acid mist emissions
as necessary in order to maintain compliance with PA DEP exhaust gas opacity limits.
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Keystone Station believes that the alkaline sorbent (injected before the FGD system)
also provides for co-beneficial reductions in SO, emissions. In 2019, Keystone
Station changed from using a standard hydrated lime product to an “enhanced”
(higher porosity) hydrated lime product, which improved oxidized sulfur removal.

Annual SO emissions (tons/year, Ib/MMbtu and Ib/MWh) for the past eleven years are shown in

Table 6-1 below.

Table 6-1 Annual SO;Emissions from Keystone Station Units 1 and 2
. Gross Load Heat Input SO, SO, SO,
UnitIDs Year (MW-h) (MMBtu) (tons) | (Ib/MMBtu) | (Ib/MWh)
1&2 2010 14,574,271 130,161,394 39,113 0.60 5.4
Combined
1&2 2011 11,998,124 110,717,647 46,441 0.84 7.7
Combined
1&2 2012 10,222,266 95,680,332 29,420 0.61 5.8
Combined
1&2 2013 13,285,780 120,607,139 26,397 0.44 4.0
Combined
1&2 2014 12,317,305 112,359,466 28,138 0.50 4.6
Combined
1&2 2015 10,255,389 97,146,022 24,447 0.50 4.8
Combined
1&2 2016 11,019,360 105,560,720 22,403 0.42 4.1
Combined
1&2
Combined 2017 12,672,885 118,766,848 23,250 0.39 3.7
1&2 2018 13,338,898 123,507,053 23,951 0.39 3.6
Combined
1&2 2019 11,875,700 112,341,534 19,806 0.35 3.3
Combined
1&2 2020* 7,931,484 77,364,300 13,011 0.34 3.3
Combined
* Preliminary data

Keystone Station believes that the FGD efficacy improvements implemented during the past
eleven years are sufficient to satisfy the PA DEP’s reasonable progress goals for visibility
improvement during the second decadal review period, and that this outcome is consistent with
EPA’s guidance that “reasoned decision-making is a core component of the regional haze
program, and thus of states’ regional haze SIP submissions.” Consequently, there are no new
compliance costs to be considered.

6.1.2 Time Necessary for Compliance (Factor 2)

Wet limestone FGD, which is already used at the Station and has been optimized throughout its
service life, is the top level of SO, control; therefore, no additional SO, emissions controls are
being evaluated for this four-factor analysis. As such, no additional time is needed for

compliance.

4 Guidance on Regional Haze State Implementation Plans for the Second Implementation Period, August 20, 2019 (Page 1).
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6.1.3  Energy and Non-Air Quality Environmental Impacts (Factor 3)

Since a wet limestone FGD system already exists on Units 1 and 2 at the Station, the energy
and non-air quality environmental impacts have already been taken into account.

6.1.4 Remaining Useful Life (Factor 4)

Units 1 and 2 were commissioned in 1967 and 1968, respectively. Although the units have
achieved over 50 years of service, no specific retirement date has been set. Therefore, for
Station planning purposes, the remaining useful life of these units is assumed to be at least 20
years.

6.2 Identification of Potentially Available NOx Emissions Reduction Options

Several NOx control options were considered as additions to the current SCR controls for
application to the Keystone Generating Station including Selective Noncatalytic Reduction
(SNCR), Powerspan ECO® system, rich reagent injection, natural gas reburn, coal reburn,
NOxStar, water injection, LoTOX, PerNOxide, ROFA, and ROTAMIX. These technologies were
evaluated for technical feasibility (availability and applicability to Units 1 and 2) based on a
review of possible performance, engineering principals, and an assessment of commercial
availability. The findings are listed in Table 6-2.

Table 6-2  NOx Control Technologies

NOx Control Description
Option
Rich reagent | g oy 1o SNCR. Only available for cyclone fired boilers.®
injection
Performance is affected by baseline NOx concentration; reburn zone
temperature, residence time, and stoichiometry; overfire burnout zone
temperature and residence time; and mixing of the reburn fuel with the bulk flue
Natural gas : : ; i ioti (€N
gas. Extensive testing required to make a meaningful prediction of performance.
reburn T . o .
Based on very limited, if any, applications, natural gas reburn is not expected to
offer a significant emission reduction relative to other options such as an SNCR
and SCR.
Coal reburn Similar to natural gas reburn.

Uses an ammonia-based reagent and small amounts of hydrocarbon injected to
the flue gas at the convective pass of the boiler to reduce NOx. Only one full
NOxStar scale demonstration project. An emerging technology that would require
extensive design engineering and a long-term full scale demonstration to evaluate
technical feasibility, cost, and performance.®

To date, only bench scale testing on coal firing. Extensive design engineering and

Water injection testing would be needed to determine scale-up potential, cost and performance.®

A low temperature oxidation system that uses ozone to convert NO and NO:2 to
LoTOX N20s for eventual removal by a wet scrubber. No known full-scale, coal-fired
EGU applications.

Uses hydrogen peroxide injected into the duct ahead of the air preheater. Has
PerNOxide only been tested on a pilot scale. Extensive design engineering and testing would
be needed to determine scale-up potential, cost and performance.®
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NOx Control Description
Option

ROFA

Rotating opposed overfire air. CFD modelling required to determine performance
but expected to be inferior to an SNCR or an SCR.

ROTAMIX Similar to an SNCR (Proprietary SNCR technology)

(1) Coyote Station Unit 1, North Dakota Regional Haze Second Planning Period Four-Factor Analysis.
Sargent & Lundy, May 8, 2019.

All the above options were rejected for one or more of the following reasons:
1. No commercial availability,

2. Emission control performance of these options is inferior to an SCR, which is already
being used on Units 1 and 2. EPA’s top-down approach suggests that if the top level of
control is chosen or as in this case, already installed on the units, no further analysis is
required.

We are, however, presenting costs of tuning/upgrading the existing low-NOx burners to achieve
a small NOx emissions reduction, as discussed in the subsequent sections.

6.2.1 Costs of Compliance (Factor 1)

For both Units 1 and 2, NOx emissions are controlled by low-NOx burners and SCR. The
controlling NOx emission limits are those specified in the PA DEP RACT Il Rule, which are as
follows:

Presumptive NOx emission limits for a coal-fired EGU boiler with SCR is 0.12 Ib/MMBtu
when flue gas temperature at SCR inlet =600 deg. F, 0.35 Ib/MMBtu when flue gas
temperature at SCR inlet is < 600 deg. F (rolling 30-boiler operating day averaging
period).

In addition, the Keystone Generating Station received a letter from PA DEP on November 17,
2020 requesting submittal of a case-by-case NOx RACT analysis by April 1, 2021. A copy of
this letter is included as Appendix C of this report. The Station expects the proposed NOx
limits of this case-by-case analysis will be more stringent than the current NOx limits. The
revised NOx limits are expected to become effective by January 1, 2023.

Performance of the SCR systems is affected by recent operating modes for the Station. The
Station was originally designed for base load operation. However, due to a decrease in
electrical demand by the regional grid operator (PJM) and increase in supply from (i) newly-
constructed natural gas-fired EGUs (in response to abundant and low-cost natural gas that
became available following development of advanced drilling practices in Pennsylvania) and, to
a much lesser extent, (ii) renewable energy sources over the last few years, operations of Units
1 and 2 now typically cycle on a daily basis. This operation features higher or full load
conditions during daylight hours on the business weekdays with high regional electric demand
and often at loads in the 40% to 70% range or off-line at all other times. The performance of the
SCR system is adversely affected by the low flue gas temperatures that occur at low loads. At
loads below 70%, the flue gas temperature drops below 600°F. At 40% load, the flue gas
temperature drops below 540°F. Injection of aqueous ammonia at these lower flue gas
temperatures results in ammonium bisulfate formation, which deposits on the downstream air
pre-heater and ESP, thus fouling these devices. This issue is the underlying basis for the
bifurcated NOx emission limit scheme in the PA DEP RACT Il Rule. Optimization of the existing
SCR systems will be addressed as part of the forthcoming case-by-case NOx RACT analysis.
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In order to present a complete and thorough four-factor analysis, the Station discussed with R-V
Industries, Inc., additional NOx reduction options specifically around improving performance of
low-NOx burners at the Conemaugh Station. Since the Conemaugh and Keystone Stations are
sister facilities, equipment retrofit costs for the Conemaugh Station are reasonably applicable to
the Keystone Station units as well.

R-V Industries stated that there is no available low-NOx tip that can be bolted onto the existing
burners. Therefore, R-V Industries’ approach, based on prior experience with tangentially-fired
boilers of a similar size and design, was to install venturis in the windbox ductwork to resize the
burner tips to help minimize excess air and NOx formation and optimize the overall air flow. The
budgetary cost information from R-V Industries is presented in Tables 6-3 and 6-4 and the cost-
effectiveness is presented in Table 6-5.

The replacement burners can achieve a 17% NOx reduction (~ 0.22 Ib/MMBtu NOx emission
rate) when the minimum continuous operating temperature is less than 611°F (i.e., temperature
below which ammonia injection into the SCR cannot commence).

Table 6-3 Low-NOx Burner Replacement/Tuning Capital Cost Estimate — Per
Boiler

Computation
Cost Item Method Factor | Cost Notes

Direct Costs

Purc_:hased Vendor Quote x 1.00 $1.901,250 Quote provided by R-V Industries,

Equipment (PE) factor Inc.

Taxes PE x factor 0 $0 PE exempt from 6% PA sales tax
Table 2.4 of EPA's OAQPS

Freight PE x factor 0.05 $95,063 Control Cost Manual, Sixth

Edition, January 2002.

Total Purchased
Equipment Costs Sum $1,996,313 | PE + Taxes + Freight
(PEC)

The budgetary estimate does not
consider that all existing dampers

Conemaugh on the current burners would
Direct Installation Station Estimate need to be replaced, which is an
(applicable to $1,700,000 | extremely labor intensive effort
Costs : .
Keystone that is not accounted for in the
Station as well) vendor quote. The listed cost

(based on a comparable project)
accounts for this omission.

. Sum PEC +
Total Direct Costs | | qtallation | $3,696,313
(TDC)

Costs

Installation Costs,
Indirect
Engineering / OAQPS Control Cost Manual,
supervision TDC x factor 0.10 $369,631 Sixth Edition, January 2002
Construction / field OAQPS Control Cost Manual,
expenses TDC x factor 0.10 $369,631 Sixth Edition, January 2002
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Computation

Cost ltem Method Factor | Cost Notes
OAQPS Control Cost Manual,
Construction fee TDC x factor 0.10 $369,631 Sixth Edition, January 2002
OAQPS Control Cost Manual,
Start-up TDC x factor 0.01 $36,963 Sixth Edition, January 2002
OAQPS Control Cost Manual,
Performance test TDC x factor 0.01 $36,963 Sixth Edition, January 2002
Due to the uncertainties
associated with the preliminary,
Contingencies TDC x factor 0.20 $739,263 budgetary nature of the cost
information, a contingency of 20%
is warranted.
This budgetary estimate does not
consider a critical analysis of
potential changes in combustion
zone conditions such as lower
Conemaugh temperatures, decreased
. Station Estimate combustion efficiency (related to
Modeling and X -
LY . (applicable to $500,000 decreased oxygen availability and
Optimization Studies ) .
Keystone resultant increase in carbon
Station as well) monoxide) and increase in
corrosion potential around the
furnace walls. The listed cost
(based on a comparable project)
accounts for this omission.
Loss of Revenue Factor = Estimated generation
Associated with Lost generation revenue price ($/MWh), 28 day
Special Outage 25.00 | $10,710,000 | outage, 850 MW generation
: x factor ; .
Required to Install capacity, 75% annual capacity
Equipment factor
;I:ISJltg; Indirect Costs sum $13,132,083
Total Capital SumTDC+TIC | — | $16,828,395 | TDC + TIC

Investment (TCI)

Table 6-4 Low-NOx Burner Replacement/Tuning Annual Cost Estimate
Computation
Cost ltem Method Factor Cost Notes
Direct Operating Costs
Operating Labor - No additional OL costs
Operator (OL) expected
Operating Labor - No additional Supervisory
Supervision Labor costs expected
Maintenance Labor No additional ML costs
(ML) expected
No additional Maintenance

Maintenance Materials | --- Material costs expected
Total Direct Operating
Costs (DOC) Sum $0
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Computation

Cost Item Method Factor Cost Notes

Indirect Operating Costs
No change from current
conditions; i.e., Overhead is

Overhead ]SOL * ML) x 0.80 $0 included in the current

actor -

overhead cost of the existing
burners

Property Taxes TCl x factor | 0.01 $168,284 OAQPS Control Cost Manual,
Sixth Edition, January 2001

Insurance TCl x factor | 0.01 $168,284 OAQPS Control Cost Manual,
Sixth Edition, January 2002

Administration TCl x factor | 0.02 $336,568 OAQPS Control Cost Manual,
Sixth Edition, January 2002
Factor per Equation 2.8a of
EPA's OAQPS Control Cost

Capital Recovery @ TCI x factor 0.0944 $1,588,481 | Manual, Sixth Edition, 2002.
(20 year life and 7% interest
rate).

Total Indirect

Operating Costs (IOC) Sum $2,261,617

Total Annualized Sum DOC+ .

Cost (TAC) 0C $2,261,617 Per unit

(1) Based on information available from the Station, the firm-specific nominal interest rate for the
Keystone Station is at least 7%. A 7% interest rate has been set by the United States Office of
Management and Budget (OMB) and is described in the January 2002 EPA Air Pollution Control Cost
Manual. Over the years, 7% has been used as a consistent basis for evaluating emission control
options for BACT, RACT and BART analyses. As shown in Table 23 on Page 70 in PA DEP’s June
2018 Technical Support Document for General Operating Permit for Unconventional Natural Gas Well
Site Operations and Remote Pigging Stations (GP-5A) and the General Plan Approval and General
Operating Permit for Natural Gas Compression Stations, Processing Plants, and Transmission
Stations (GP-5), PA DEP also supports use of an interest rate of 7%.

Table 6-5 Low-NOx Burner Replacement/Tuning Cost-Effectiveness ($/ton NOx
Removed)
Unit NOx Before NOx After Total Effec(ii?/setness
NG Control ® Control @ Annualized (8 ton NOX
' (tons/yr) (tons/yr) Cost @ ($/yr) i)
1 3,937 3,780 $2,261,617 $14,405
2 3,203 3,079 $2,261,617 $18,239
Average $16,322
(1) Based on CY2019 actual annual emissions. See Table 4-1.
(2) Based on available emissions and operating data for CY2019, the LNB upgrades are
expected to reduce emissions by 157 tons/year for Unit 1 and 124 tons/year for Unit 2.
(3) See Table 6-4 for calculation of annual costs.
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As shown in Table 6-5, the cost of installation of per ton of NOx removed is excessive at an
average of $16,300/ton of NOx removed.

6.2.2 Time Necessary for Compliance (Factor 2)

Considering the extent, cost and duration of the outage associated with the low-NOx burner
tune-up project, if determined to be required, the Station expec