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Review of Reasonableness of NO, Emission Limits for Two Titan Turbines at
Proposed Joelton, Tennessee Compressor Station

Bill Powers, P.E., Powers Engineering, San Diego, California

July 26, 2016

L. Summary

The Tennessee Gas Pipeline Company, L.L.C." (TGP) has submitted a Reasonably Available
Control Technology (RACT) analysis that uses outdated and incomplete information to
incorrectly conclude that an oxides of nitrogen (NOy) limit of 25 ppm is RACT for the two Titan
250 turbines at the proposed Joelton Compressor Station. The Metro Nashville/Davidson County
Air Pollution Control Division erroneously accepted the TGP RACT analysis with essentially no
critical or independent review,

Properly determined NO, RACT for the two Titan 250 turbines is either 9 ppm NOy using
advanced dry low NO, technology or 2.5 ppm NOy using selective catalytic reduction, Both of
these alternatives are technically and economically feasible using a NOy RACT cost-
effectiveness ceiling of $2,500/ton to $5,000/ton.

As proposed, the Joelton Compressor Station has the highest permitted NOy emission rate by far
among similar compressor stations that have applied for air permits within the last two years.2
This is the case despite Joelton Compressor Station being the only compressor station among
these similar compressor stations that will be a major source of NO, emissions under the federal
Title V operating permit progeam, for its potential to emit more than 100 tons per year.

IL Project Description

A Part 70 air operating permit application prepared by TGP for a new natural gas compressor
station in Joelton, Tennessee was received on September 15, 2015 by the Air Pollution Control
Division of the Metro Nashville/Davidson County Health Department. The proposed natural gas
compressor station will consist of two Solar Titan 250-30000S natural gas-fired turbines and
ancillary equipment, including one small heater and a back-up internal combustion engine.’
Table 1 lists the annual air emissions potential of the two Titan 250 turbines at the Joelton

Compressor Station.

! Tennessee Gas Pipeline Company, L.L.C. is a wholly-owned subsidiary of Kinder Morgan.

? The one exception is a substantially smaller TGP compressor station in Kanawha County, West Virginia -
Compressor Station 119A. This station, like the proposed Joelton Compressor Station, is part of TGP’s Broad Run
Expansion Project and has the same 25 ppm NO; limit proposed for the turbines at the Joelton Compressor Station.
¥ B. McClain — Air Pollution Control Division, Joelton Compressor Station Construction Permit Review, June 2016,

pdf p. 11,
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Table 1. Draft Permit Annual Air Emissions Limits — Two Titan 250 Turbines,
TGP Joelton Compressor Station®

Pollutant Annual emission limit (tpy), 12-month rolling average
NOx 167.4
VOC 11.5
CcO 107.6
PMig 12.0
SO, 6.2

NO, = oxides of nitrogen; VOC = volatile organic compounds; CO = carbon monoxide; PM,, = particulate matter
with aerodynamic diameter less than 10 micrens; SO, = sulfur dioxide.

The Joelton Compressor Station is classified as a major source under Metro Nashville/Davidson
County air quality regulations, due to its potential to emit more than 100 tons per year (tpy) of
NO,.° Major sources are subject to the federal Title V operating permlt program and are required
to apply RACT to reduce NO, emissions.® RACT is the lowest emission limit that a particular
source is capable of meeting by the apphcatlon of control technology that is reasonably available
considering technological and economic feasibility.”

The proposed compressor station is not a major source under the federal Prevention of
Significant Deterioration (PSD) program, which has a trigger level of 250 tpy for compressor
stations as an industrial category.

III.  The Joelton Compressor Station, as Proposed, Will Add Significantly
to NOx and VOC Emissions in Metro Nashville

The Joelton Compressor Station will add a signiticant quantity of additional NO, and VOC
emissions from point sources of fuel combustion in Davidson County when the compressor
station becomes operational. NO, emlssmns from point sources of fuel combustion will increase
22 percent, from 760 tpy to 927 tpy.} VOC emlssmns from point sources of fuel combustion will
also increase 22 percent, from 52.6 tpy to 64.1 tpy.*

* Metro Nashville/Davidson County Health Department Air Pollution Control Division, Draft/Proposed Pari 70
(Title V) Operafing Permit, Permit Number 70-0XXX, Tennessee Gas Pipeline Company, L.L.C. — Compressor
Station 563, Joelton, TN, June 2016, p. 13,
* Metro Nashvilie/Davidson County Health Department Division of Air Pollution Control, Regulation No. 13 - Part
70 Operating Permit Program, Section 13-1: Definitions, (p){2), as amended December 2, 2010, p, 3.

® Ibid, Regulation 13-2: Applicability, (a)(1).

7 Metropolitan Health Department Air Pollution Control Division, Regulation No. 14-1(f}: Definitions.
* Metro Nashville/Davidson County Health Department Pollution Control Division, Air Pollution Control — 2013
Annual Report (publication pending), Table 1 — 2013 Davidson County Annual Emission Inventory, p. 5. 167.4
tpy/759.6 tpy = 0.22 (22 percent).
*Tbid, 11.5 tpy/52.6 tpy = 0.22 (22 percent).
1% A second pipeline compressor station, Cane Ridge, has also been proposed for location in Davidson County, Cane
Ridge will consist of two Titan 130 gas turbines with combined potential NO, emissions of 78.2 tpy and VOC
emissions of 10.2 tpy. The proposed NO, limit for the Cane Ridge Titan 130 turbines is 25 ppm, See: Columbia
Pipeline Group, Columbia Gulf Transmission LLC, Cane Ridge Compressor Station, Air Quality Construction
Permit and Initial Part 70 Operating Permit Application, May 26, 2016, pdf pp. 16-17 and pdf pp. 26-27.
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NO, and VOC are ozone precursors, meaning these are necessary ingredients, in the presence of
sunlight, to form ozone in ambient air. Ozone is a lung irritant, and inhalation of ground-level
ozone can trigger a range of health effects. EPA revised the primary and secondary ozone
standards to 0.070 ppm in 2015, a decrease from the 2008 ozone standard of 0.075 ppm. The
2008 standards will be revoked in 2018-2019, and the 0.070 ppm standard will be incorporated
into State Implementation Plans shortly thereafter.'! Although Davidson County remains in
attainment based with the 2008 ozone standard, 8-hour ozone levels have been exceeded 0.070
ppm five times in the past two years, indicating that Davidson County may face challenges
achieving continuous compliance with the 0.070 ppm ozone standard, even at the current
emissions rate."?

IV. TGP’s RACT Evaluation for the Joelton Compressor Station Was
Incomplete and Inadequate

A. Scope of RACT Evaluation as Defined in Metro Regulation 14-3

Metro Nashville/Davidson County Air Pollution Control Division Regulation 14-3 defines in
detail the RACT analysis procedure, I The owner or operator of each source of NOy subject to
the Regulation (except large utility boilers) must:

e Fully describe the applicable emission points and basis for estimating current and
potential emissions.

o List the emission points and possible source emission points available for emission
reductions.

o List each alternative nitrogen oxides control technique for each emission point such as
burner modifications, process modifications, add-on control devices, etc., along with the
emission reduction achievable by use of each alternative.

¢ List the cost of each alternative control technique, including initial costs as well as cost
effectiveness (cost of control per ton of emission reduction).

o  Where applicable, list regulatory requirements in other states in which identical or similar
sources are subject to nitrogen oxide RACT requirement.

¢ Recommend the level of control considered to be RACT.

The Metro Nashville/Davidson County Health Department Air Pollution Control Division is
responsible for determining whether or not the RACT demonstration is adequate to justify the
RACT recommendation. This is to be accomplished by reviewing the list of alternative control
techniques evaluated to ensure that all reasonable available and demonstrated control techniques
were considered, by reviewing the cost analysis for reasonableness, by independently contacting

1 EPA. “2015 Ozone NAAQS Timelines.” Ozone Pollution. Accessed at: hitps://www.epa.gov/ozone-
pollution/2015-0zone-naaqs-timelines

2 Metro Nashville/Davidson County Health Department Air Pollution Control Division, 4ir Pollution Control —
2013 Annual Repori (publication pending).

13 Regulation 14-3(a) — Procedure for Determining RACT.
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other air pollution control agencies and the U.S. EPA to determine what level of contro] is
required or suggested at identical or similar sources in other areas of jurisdiction.'*

B. The RACT Evaluation Conducted by TGP and Accepted by Metro Nashville/Davidson
County Health Depariment Was Inadequate and as a Result Reached the Wrong
Conclusion

The TGP RACT evaluation included in the September 15, 2015 application concludes that a NO,
limit of 25 ppm using dry low NO, combustion is RACT for the two Titan 250 turbines at the
Joelton Compressor Station."® This application identifies the following technically feasible NOy
control Egchnologies for the two Titan 250 turbines proposed for the Joelton Compressor

Station:

Selective catalytic reduction (SCR)

Dry low NOy combustion (DLN or SoLoNO, ™)
Steam/water injection

Good operating practices

However, following the identification of these technically feasible NOy control technologies, the
TGP RACT analysis is completely inadequate in its assessment of the range and cost-
effectiveness of the technologically feasible controls. As a result the analysis reaches the wrong
conclusion regarding RACT for the Titan turbines, The principal inadequacies of the TGP RACT
evaluation are:

1. An almost exclusive reliance on the EPA’s RACT/BACT/LAER Clearinghouse to
evaluate NOy limits and controls for gas turbines.

2. No identification or discussion of the three different DLN NOy control levels offered by
the manufacturer for the Titan turbine: 25 ppm, 15 ppm, and 9 ppm, or of NOy limits in
contemporaneous Titan (or smaller) gas turbine compressor station air permit
applications.

3. Reliance on generic and obsolete SCR and DLN cost data from 1990.17

4. No identification of an appropriate $/ton cost-effectiveness ceiling by which to compare
the cost feasibility of available RACT options.

Each of these inadequacies in the TGP RACT evaluation is discussed in more detail in the
following sections.

' Ibid, Regulation 14-3(b).

** Tennessee Gas Pipeline Company, L.L.C., Compressor Station 563, Davidson County, Joelton, TN — MHDDPC
Title V Permit Application Updates and Supplemental Information, September 11, 2015, p, 29,

1S Tbid, p. 26.

"7 Ibid, p. 26.
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1. Reliance Solely on the EPA’s Voluntary RACT/BACT/LAER Clearinghouse to
Evaluate the Universe of NOx Limits Is Inappropriate

The RACT/BACT/LAER Clearinghouse is EPA’s voluntary compilation of emission limits for a
wide variety of air emission sources, including gas turbmes However, this database is known to
be substantially incomplete for gas turbine applications.'® While review of the RACT/BACT/
LAER Clearinghouse is a necessary part of a review of current NOy control levels, it is a starting
point, not the entirety of the review to be undertaken. Regulation 14-3, which applies to the
Metro Nashville/Davidson County Health Department reviewer, also necessarily applies to the
scope of the RACT analysis conducted by the applicant: *. . . independently contacting other air
pollution control agencies and the U.S. EPA to determine What level of control is required or
suggested at identical or similar sources in other areas of 3urasd10tlon

Contacting the manufacturer of the Titan turbine, Solar Turbines, Inc., should have been part of
the RACT assessment process. This should have been done to: 1) collect current information on
the range of NOy emission guarantees provided by Solar Turbines for its turbines in compressor
drive or simple cycle power generation applications, and 2) obtain accurate, current information
on the incremental cost of progressively more stringent NOy control measures on the Titan
turbine.

A basic google search using the terms “Tifan compressor turbine air permit application” would
have produced multiple contemporaneous Titan compressor station (or smaller Solar Turbines
models) air permit applications. A partial list of compressor station applications
contemporaneous with the Joelton Compressor Station application is provided in Table 2. This |
basic search conducted by Powers Engineering produced numerous regional pipeline compressor

station applications in the same region, several also using the Titan turbine.

The Joelton Compressor Station has the highest NO, emissions by far among these compressor
station applications. This is the case despite Joelton Compressor Station being only compressor
station among the six compressor stations evaluated that will be a major source of NOy
emissions, for its Dpotentlal to emit more than 100 tons per year, under the federal Title V air
permit program.

1% N H. Hydari et al - EnvironPlan Consulting, Comparison of the Most Recent BACT/LAER Determinations for
Combustion Turbines by State Air Pollution Conirol Agencies, presented at 2002 A&WMA Annual Conference,
2002, p.2. *Only 13% of the most recent BACT/LAER determinations in this survey were included in the
[RACT/BACT/LAER Clearinghouse] database.”

' Regulation 14-3(b).

** As noted in Table 1, the Sabal Trail Compressor Station was classified as major source under the Title V
operating permit program even though potential NO, emissions were only 46.8 tpy. A Supreme Court ruling in June
2014 vacated the rationale, based on the annual CO, emission rate, used to classify Sabal Trail as major source
under the Title V air operating permit program. See Reference 2 to Table 1 for further explanation,
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NOy limits in RACT/BACT/LAER Clearinghouse search conducted by TGP: Despite the
limitations of the RACT/BACT/LAER Clearinghouse, several relevant permits with limits lower
than the 25 ppm NO, limit proposed for the Titan 250 turbines at the Joelton Compressor Station
are shown for turbines in compress drive or simple cycle power generation, when the RBLC
search terms used by TGP are utilized (process type 16.110, small combustion turbines < 25
MW, simple cycle, natural gas fired). These permit limits, and associated NO, controls, are
shown in Table 3.

Table 3. RBLC Simple Cycle <25 MW Turbine Permits with NO, Limits Lower than
Limit Proposed for Joelton Compressor Station Titan Turbines

Year | State RBLC Turbine Turbine | Number | NOy control NOy limit
number | application size of technology | (@ 15% oxygen)
(MW) | turbines
2009 | WY | WY-0067 | compressor ~10 2 DLN 15
2009 | LA | LA-0232 | compressor ~8 2 DLN 15
2007 | MD | MD-0035 | power for 21.7 2 DILN + SCR 2.5
electric
drive
COMPIessors
2003 | WA | WA-0304 power 22 7 SCR 9

Simple cycle: No heat recovery in use downstream of gas turbine to utilize heat and reduce exhaust gas temperature.
DLN - Dry Low NO,; SCR — selective catalytic reduction,

Two compressor drive gas turbines permitted in Tennessee in the last decade, but not reported in
the RACT/BACT/LAER Clearinghouse, are examples of the incomplete nature of Clearinghouse
listings. The permit conditions for these two turbines are shown in Table 4.

Table 4. Compressor Turbine Permits Issued in Tennessee and Not Reported to the
RACT/BACT/LAER Clearinghouse

Initial State | Turbine Turbine Turbine ;| Number | NOy control | NOy limit
application type application size of technology (@ 15%
date (MW) | turbines oxygen)
2015 TN | Mars 100 | compressor | 11.4 1 DLN 15
2008* | TN | Titan 250 | compressor | 21.7 1 DLN 25

NOy and VOC limits in contemporaneous compressor station permit applications: The turbine
types, turbine NOx and VOC limits, and the turbine NO, and VOC control technologies proposed
in the contemporaneous compressor station permit applications are provided in Table 5. One of
the listed contemporaneous applications is another TGC application, for a Titan 130 in
Pennsylvania with a 9 ppm NO,. TGC had to have been aware when it submitted the Joelton

** ANR Pipeline Company, NSR Application for Construction of Brownsville Compressor Station, Haywood
County, TN, May 2015,

% Columbia Gulf Transmission Company, Columbia Gulf Transmission Hartsville Compresser Station (Reference
No. 56-0004) - Revised Air Permit Application, February 24, 2009, pdf p. 1. Note: This Titan 250 was among the
first Titan 250 turbines built, as installation of the Titan 250 did not begin until 2009. See (p. 2):
https:/fwww.veb.org/vgbmultimedia/V04 NEU090608-p-3199.pdf.
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Compressor Station air permit application in September 2015 that it would also be submitting an
air application in Pennsylvania a few weeks later for a Titan turbine at the Supply Path Head
Compressor Station with a proposed NOy limit of 9 ppm.

Table 5. NO, and VOC Emission Limits in Compressor Station Air Permit Applications
Contemporaneous to the TGP Joelton Compressor Station Application

Permittee/project/state Date of Turbine type NO,/VOC NO/VOC
application and number limits (ppm) | conirol systems

TGP (Kinder-Morgan)/ 9/15/15 Titan 250 (2) NO, =25 DLN1
Joelton - TN voC=25
Spectra, NextEra, Duke / 5/30/14 Titan 130 (2) NO, =9 DLN3 + OxCat
Sabal Trail - GA VOC=2-3
Dominion/ 9/16/15 Titan 130 (2) NO, =9 DLN3 + OxCat
Mockingbird Hill - WV VOC=13
Mountain Valley Pipeline, L.L.C/ | 10/23/15 | Titan 130 (2) NO, =15 DLN2
Harris - WV VOoC=2.5
TGP {Kinder-Morgan)/ NE 11/1/15 Titan 130 (1) NO, =9 DLN3 + OxCat
Energy Direct/ Mars 100 (2) VoC=1.5
Supply Path Head - PA
Dominion/ 9/16/15 Mars 100 (1) NO, =5 SCR + OxCat
Buckingham - VA Taurus 70 (1) voC=13

Taurus 60 (1)

Centaur 50L (1)

MW equivalent capacity of turbines listed: Titan 250 = 21.7 MW; Titan 130 = 15.0 MW, Mars 100 = 11.4 MW,
Taurus 70 =8.0 MW; Centawr 50 = 4.6 MW,

The Sabal Trail, L.L.C. May 30, 3014 air permit application (Albany, GA) proposed a NOy limit
of 9 ppm on two Titan 130 turbines using advanced DLN technology offered by the turbine
manufacturer, Solar Turbines. This was the first instance of the 9 ppm NOy limit being proposed
by a compressor station applicant using the Titan turbine.”® The Sabal Trail application notes
that, “Sabal Trail will the first customer of Solar fo receive the 9 ppm NO; vendor guarantee for
a Solar Titan 130 turbine, all previous units have been guaranteed at 15 ppm NO,”™ The Sabal
Trail application was filed sixteen months before TGP filed the Joelton Compressor Station
application with a proposed Titan NOy limit of 25 ppm, despite the fact that the Titan turbine had
been previously guaranteed by the manufacturer at 15 ppm and 9 ppm.

2. TGP Analysis of NOy RACT Alternatives Was Incomplete and Flawed

TGP only identified one DLN control level for the Titan 250 turbines proposed for the Joelton
Compressor Station — 25 ppm,>* Significantly, the manufacturer of the Titan 250 turbine, Solar
Turbines, has offered a 15 ppm NOy guarantee on the Titan 250 since at least 20122 As noted,
the 9 ppm NO, DLN level was guaranteed on the Titan turbine for the first time in 2014, as noted
in the May 30, 2014 Sabal Trail air permit application. For the purposes of this comment letter,

3 Gabal Trail application, p.5-34,

* Ibid, 5-34.

5 Cotrected to 15 percent exhaust gas oxygen concentration.

26 golar Turbines, PIL 167: SolLoNO, Products: Emissions in Non-SoLoNO, Modes, June 6, 2012, Table 1.
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the levels of Titan 250 DLN control, 25 ppm, 15 ppm, and 9 ppm, are respectively identified in
Table 2 as “DLN1”, “DLN2”, and “DLN3" to aveid confusion.

TGP states in the RACT analysis it prepared for the two Joelton Compressor Station Titan 250
turbines that “Based on vendor information, the Titan 250-30000S model turbine is available
with SoLoNOy control, which is designed to achieve 25 ppmv NO,.” TGP must have been aware
of all three DLN NOy control alternatives at the time it was preparing the Joelton Compressor
Station RACT analysis. In fact, TGP opted for the 9 ppm NO, DLN package for the Titan 130
turbine in the air application it filed on November 1, 2015 for its Supply Path Head Compressor
Station in Pennsylvania, This application was filed approximately seven wecks after the Joelton
Compressor Station application was filed.

There is no discussion in the TGP RACT evaluation of the Titan turbines that have been
equipped with SCR and oxidation catalyst in combined heat and power (CHP) applications to
limit NOx emissions to 2.5 ppm. Titan turbines in CHP applications at Cornell University (NY)
and Kimberly-Clark (CT) each have NOy limits of 2.5 ppm are equipped with SCR and oxidation
catalyst.””*® The exhaust gas temperature of gas turbines in compressor drive applications can be
significantly higher than in CHP applications, as compressor drive applications do not have heat
recovery systems upstream of the SCR catalyst. The higher exhaust gas temperature can shorten
the usetul life of the SCR catalyst. To overcome the potential for high exhaust gas temperature to
damage a standard temperature SCR catalyst in a compressor drive application, a dilution air
blower is added to reduce peak exhaust gas temperature and protect the SCR catalyst.”

Dominion voluntarily selected SCR and oxidation catalyst as its air emission control package on
each turbine of a four-turbine compressor station, the Buckingham Compressor Station, in
Virginia. The Buckingham application was filed on September 16, 2015, almost the same day
TGP filed the Joelton Compressor Station application. The NOx limit in the Buckingham
Compressor Station application is 5 ppm NOx. The Buckingham Com];ressor Station turbines
will be equipped with dilution air systems to protect the SCR catalyst.*®

The NOy and VOC emissions reduction impacts of DLN2, DLN3, or SCR with oxidation
catalyst, relative to the basic DLN1 package identified by TGP and the Metro
Nashville/Davidson County Health Department Air Pollution Control Division as RACT, are
shown in Table 6. Major reductions in NOy, and to a lesser extent VOC, would be achieved by
selecting any of these alternatives as RACT for the Titan turbines at the Joelton Compressor
Station,

*" Combined Cycle Journal, Pacesetter Plants: Class of 2009/2010 Cornell Combined Heat and Power Plant, 2™
Quarter 2010. “Emissions limits for the CHP facility are 10 ppm CQO, 2.5 ppm NO,, and 5 ppm ammonia slip.
Annual limit on NO, is 40 tons.”

% Connecticut Department of Energy & Environmental Protection - Bureau of Air Management, New Source
Review Permit Numbers 130-0070 and 130-0071, Kimberly-Clark Corporation, New Milford, CT, August 15, 2012.
** Sabal ‘Trail Application, Table C-12.

* Dominion, Buckingham Compressor Station Article 6 New Source Permit Application, September 26, 2015, p. 26.
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Table 6. NO,/VOC Emissions Reductions that would Be Achieved at Joelton Compressor
Station by Technically Feasible NO,/VOC Control Measures on the Titan Gas Turbine

NO, limit NO/VOC NG & VOC NO, & VOC Total NO, & VOC
(ppm @ 15% O) Technology PTE (tpy) | reductions (tpy) reductions
NO, | VOC | NO, | VOC (tpy)
25 DLN1 1674 | 11.5 - - base case
15 DLN2 1004 | 11.5 67.0 - 67.0
9 DIN3 ; oxidation | 53.2 4.8 | 1142 6.7 120.9
(from Mockingbird | catalyst + noise
Hill application,
Table N-2) control
2.5 SCR™ + 167 | 58 | 1507 | 5.8 156.5
' oxidation catalyst

3. Overreliance on Generic and Obsolete SCR and DLN Cost Data from 1990

TGP concluded that SCR is technically feasible for the turbines at the Joelton Compressor
Station.” TGP indicates a control cost effectiveness range for SCR of $350/t0n to $4,500/ton,
with the cost effectiveness declining as the size of the turbine increases.” After concluding that
SCR is technically feasible, TGP dismisses SCR as “not for compressor stations. * In effect,
TGP finds SCR to be technically feasible and then, a few pages later, implies it is not technically
feasible without substantiating that claim. TGP ignores that the use of a dilution blower
eliminates the high exhaust gas temperature concern associated with use of SCRs in turbine
compressot drive and other simple cycle applications.”

Dominion’s choice of SCR for four turbines at its proposed Buckingham Compressor Station
further undercuts TGP’s assertion that SCR is not for compressor stations. Dominion found
multiple instances of SCR installed on simple cycle turbines. “Simple cycle” means the turbine
exhaust gas does not pass through any heat recovery system. Two examples of simple cycle
turbine operation would be a peaking turbine power generation application and a compressor
drive application. In either case, the higher exhaust gas temperatures must be addressed to
protect the SCR catalyst. Following its review of the RACT/BACT/LAER Clearinghouse,
Dominion determined that SCR was in use on simple cycle gas turbines and the1efore SCRisa
technically viable NOy control alternative for compressor applications: 3637

3" 90 percent NO reduction across the SCR is assumed per: EPA, Catalog of CHP Technologies: Section 3.
Technology Characterization — Combusiion Turbines, March 2015, Table 3-8, p. 3-17 (System 4, 20,336 kW). A 2.5
ppm NO, SCR outlet concentration is assumed per 90 percent NO, reduction and 25 ppm NO; at SCR inlet. May 30,
2014 Sabal Trails application, Table C-12, footnote 2 (“This is consistent with the vendor estimate for SCR outlet
NO, concentration of 2.5 ppm.”)

32 Joelton Application, p. 26.

¥ Tbid, p. 27. “Capital costs (for SCR) on a $/MW basis are highest for the smallest turbine . . . and decrease
exponentially with increasing turbine size.”

3 Tbid, p. 29.

5 Dominion Buckingham Application, pp. 26-27.

*¢ Dominion Buckingham Application, p. 29.
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Based on a review of EPA's RBLC database, SCR systems have been installed on
some simple cycle combustion turbines and are therefore considered technically
feasible, and SCR is considered further in the BACT analysis.

Dominion identified DLN NO control at 9 ppm as BACT for the turbines at the Buckingham
Compressor Station. However, Dominion opted to add SCR to each turbine to further reduce
NO, emissions to 5 ppm.*® The decision by Dominion to add SCR to each turbine at the
Buckingham Compressor Station indicates that SCR in this application is both cost feasible and
cost reasonable.

The cost of DLN identified by TGP is essentially de minimus at $55/ton to $138/ton.” However,
because TGP identifies only one of three types of DLN available for the Titan turbine, it is not
clear whether this DLN cost-effectiveness range identified in the RACT analysis applies
genetally to any form of DLN, the 25 ppm NOy DLN level identified by TGP as RACT for
Joelton, or some other unrelated turbine installation.

Current, accurate installed capital costs for DLN2, DLN3, and SCR + oxidation catalyst for the
Titan 250 turbine are provided in Table 7.

Table 7. Capital Cost of Technically Feasible NO,/VOC Control Measures for

. Titan 250 Gas Turbine
NOy limit Technology Installed Source of cost Month/year of cost
{ppm @ 15% Oy) capital cost ($) estimate ¢stimate
25 DLNI base case not applicable not applicable
15 DILN2 500,000 Solar Turbines, July 2016
Pittsburgh
office™
9 DIN3 . oxidation 1,300,000 Solar Turbines, July 2016
catalyst + noise Pittsburgh office
control
2.5 SCR -+ oxidation 2,400,000 EPA, CHP March 2015
catalyst turbine report”’

%" The primary distinction between BACT and RACT in the context of economic feasibility is BACT would
generally have a higher control cost-effectiveness ceiling than RACT.

** Dominion Resources Services, Inc., Buckingham Compressor Station — Arficle 6 New Source Permil Application,
September 16, 2015, p. 33,

*Ibid, p. 28. TGP identified the NO, control cost effectiveness of DLN as declining as the size of the turbine
increases: “On a unit basis, corresponding capital cost figures for DLN combustion range from $85/hp for a 3.3 MW
unit to $19/hp for an 85 MW machine.”

* Telephone communication between B. Powers, Powers Engineering, and Solar Turbines Pittsburgh, PA office,
July 12, 2016,

Y1 EPA, Catalog of CHP Technologies: Section 3. Technology Characterization — Combustion Turbines, March
2015, Table 3-5, p. 3-14. Equipment cost for SCR + oxidation catalyst + continuous emissions monitoring system
(CEMS) for 21.7 MW (Titan) turbine = $1.516 million. Installed capital cost mulfiplier = $30,879,300 /$19,397.,900
= 1.59, Therefore, installed capital cost of SCR + oxidation catalyst + CEMS = $1.516 million x 1,59 = $2.41
miilion. It is assumed by Powers Engineering that a tempering air fan (dilution blower) is included in the SCR
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4, No Identification of An Appropriate $/ton Cost-Effectiveness Ceiling

TGP makes no effort to define the term “cost feasible” in its RACT analysis. As a result it is not
known what cost-effectiveness TGP would consider cost feasible from a RACT standpoint. In
contrast, numerous state air quality agencies have defined cost-effectiveness ceilings for NOx
RACT determinations. A partial list of these agency RACT cost-effectiveness ceiling
determinations is provided in Table 8.

Table 8. Partial List of Air Agencies with Defined NO, RACT Cost-Effectiveness Ceilings

Air Agency™ NO, RACT cost-effectiveness ceiling ($/ton)
New York 5,000 —5,500
Ohio 5,000
Maryland 3,500 - 5,000
Pennsylvania 3,500
Illinois 2,500 - 3,600
Wisconsin®™ 2,500

The NOy cost-effectiveness of the DLN2, DLN3, and SCR control alternatives are shown in
Table 9. Assuming a RACT cost feasibility ceiling of $2,500/ton to $5,500/ton, the DLN3
control level on the Titan turbine, at just over $1,000/ton, is clearly economically feasible as a
NO, RACT control measure on the Joelton Compressor Station turbines. SCR is also
economically feasible as RACT, at a cost-effectiveness of $2,842/ton, if TGP prefers to utilize an
end-of-pipe NOy emissions control system as an alternative to the DLN3 control level.

Table 9. Cost-Effectiveness of Technically Feasible NO,/VOC Control Measures for Titan
Gas Turbine

NO limit Installed capital Annualized NOy and VOC Cost effectiveness
{ppm @ 15% Oy) cost (3) capital cost** reduced (tpy) ($/ton)
($/y1)
25 base case base case 0 not applicable
15 500,000 47,200 67.0 704
9 1,300,000 122,720 120.9 1,015
2.5 2,400,000 428,325 150.7 2,842

system design in a Titan compressor application to allow use of standard SCR catalyst (instead of high temperature
catalyst). A 100 hp dilution blower is assumed consistent with the May 30, 2014 Sabal Trails application, Table C-
12.
2 pennsylvania Department of Environmental Protection, Responses lo Frequently Asked Questions - Final
Rulemaking, Additional RACT Requirements for Major Sources of NOy, and VOCs, 25 Pa. Code Chapters 121 and
129, 46 Pa. B. 2036 (4pril 23, 2016), June 21, 2016, p. 9.
43 ]

Ibid, p. 1.
44 Assume 20-year financial term at 7% interest per May 30, 2014 Sabal Trail application, SCR assumptions, Table
C-12,
 The annualized installed capital cost of the SCR + oxidation catalyst + CEMS = $2,400,000 x 0.0944 =
$226,560/yr. SCR catalyst may require replacement at 3-year intervals. Assuming Titan SCE catalyst replacement
costs in the May 30, 2014 Sabal Trail application, Table C-12, this periodic cost would add approximately $17,000
per year to the annualized SCR cost (282.52 fi* x 159/ft* x 0.3811 = $17,119/yr). This would increase the SCR
annualized cost from $188,800/yr to: $226,560/yr + $17,119/yr = $243,679%yr.
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TGP states in its RACT analysis for the Joelton Compressor Station, after listing a dozen states
with RACT requirements, including New York, Ohio, Maryland, and Pennsylvania, among
others, that:*®

A number of other states have RACT requirements . . . (and) Because the
proposed (25 ppm NO,) limit is equivalent to BACT values listed in the RBLC,
TGP assumes that the proposed NOx RACT (for Joelton) is comparable to RACT
in other states,

This is an incorrect assumption by TGP, The control cost-effectiveness of the RACT control
levels shown in Table 8, including a 2.5 ppm NO limit using SCR, is well below the NO, RACT
cost-effectiveness ceilings of $3,500/ton to $5,000/ton in New York, Ohio, Maryland, and
Pennsylvania, as shown in Table 7.

V. Review of TGP RACT Determination by Metro Nashville/Davidson
County Health Department Was Inadequate

The Metro Nashville/Davidson County Air Pollution Control Division did no independent
corroboration of the information provided in the TGP RACT analysis. The engineering review
repeats the SCR and DLN NO, control cost-effectiveness ranges provided in the TGP RACT
analysis, makes no assessment of the applicability of SCR to the Joelton Compressor Station
turbines, and concludes that DLN with a 25 ppm NO, limit satisfies RACT for the source. No “. .
. independently contacting other air pollution control agencies and the U.S. EPA to determine
what level of control is required or suggested at identical or similar sources in other areas of
Jurisdiction” took place, as required by Regulation 14-3(b). If it had, the Air Pollution Control
Division would identified current NOy control practices on compressor turbines that are
substantially more rigorous than 25 ppm, would have identified RACT cost-cffectiveness ranges
considered reasonable in other jurisdictions, and would not have concluded that 25 ppm is NOx
RACT for the two Titan turbines at the Joelton Compressor Station.

VI. Conclusion

The TGP RACT analysis uses outdated and incomplete information to incorrectly conclude that
a NOy limit of 25 ppm is RACT for the two Titan 250 turbines at the proposed Joelton
Compressor Station. The Metro Nashville/Davidson County Air Pollution Control Division

“ Approximately 3.2 tons of 29% aqueous ammonia must be injected into the SCR per ton of NOx retnoved per the
Sabal Trails application, Table C-12. (49.93 tons aqueous NH3/15.57 tons NO, removed) x 150.7 tons NO, removed
* $292.83/ton aqueous ammonia = $141,515/yr. Therefore total annual SCR cost, to achieve a 2.5 ppm NO, at the
SCR outlet assuming a 25 ppm NO, inlet concentration (90% reduction) = $243,67%/yr + $141,515/yr =
$385,194/yr.

T Annual operating cost of 100 hp dilution blower = 100 hp = (0.746 kW/hp) x $0.066/kW {Sabal Trails
application, Table C-12} x 8,760 hr/yr = $43,131/yr. Therefore, total annual costs for SCR + oxidation catalyst +
CEMS, including installed capital cost, periodic catalyst replacement, aqueous ammonia supply, and dilution blower
operating cost = $385,194/yr + $43,131/yr = $428,325/yr.

* Joelton Application, p. 28.
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erroneously accepted the TGP RACT analysis with no critical or independent review. Properly
determined NOx RACT for the two Titan 250 turbines is either 9 ppm NO, using DLN3
technology or 2.5 ppm using SCR. Both of these alternatives are technically and economically
feasible assuming a RACT cost-effectiveness ceiling of $2,500/ton to $5,000/ton.
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Electric Motor Drive Is Viable RACT Alternative to Two Titan
Turbines at Proposed Joelton, Tennessee Compressor Station

Bill Powers, P.E., Powers Engineering, San Diego, California
November 18, 2016

This letter addressing the EMD alternative supplements the August 1, 2016 Southern
Environmental Law Center comment leiter on RACT-level controls for the Titan 250
compressor drive gas turbines at the proposed Joelton Compressor Station. Electric motor
drive (EMD) is a technically and economically feasible alternative to the Titan 250 gas
turbines currently proposed by the Tennessee Gas Pipeline Company, L.L.C. (TGP) to
drive the two compressors at the Joelton Compressor Station. EMD would eliminate air
emissions and Jower noise levels at the Joelton Compressor Station.' This is a viable
alternative to the proposed Titan 250 gas turbines and should have been presented by
Kinder Morgan as an alternative in its application to the Metro Nashviile/Davidson
County Air Pollution Control Division. :

Electric motor drive (EMD) is in common use in pipeline compressor applications. See
Attachment A. EMD is also in use to drive compressors on the Tennessee Gas Pipeline (a
Kinder Morgan company).

Emissions regulations addressed with electric motor driver . .. When El
Paso Pipeline Partners (now Kinder Morgan) required additional
compression at its Coudersport, PA Station 313 on the Tennessee Gas
Pipeline in December 2009, they considered the tradeoffs associated with
each of the potential technologies. . . Permitting was avoided by selecting
an electric motor driver instead of a natural gas fired engine or turbine.

Selection of EMD to drive the compressors at the Joelton Compressor Station would
climinate combustion air emissions at the site. EMD has the following air permitting
advantages over gas turbine drive for pipeline compressor applications:

¢ Electric motors reduce the time for a project often by many months considering
air permits may not be required compared to gas turbine or engine drive.

o The electric motor drive selection will be a way to avoid having to do a Best
Available Control Technology (or Reasonably Available Control Technology)
review or air dispersion modeling.

! Siemens Industry, Inc., Application Notes - Compression in the Oil and Gas Industry, 2013:
htips://www.industry.usa.siemens.com/verticals/us/en/oil-gas/Documents/Application%20Note%620-
%20Compression%e20for%200G.pdf,

% Dresser-Rand News, Unique Compressor Design Allows Efficient Operation Over Wide Range,
Autumn/Winter 2013, See: http://www.dresser-rand.com/news-insights/unique-compressor-design-allows-
efficient-operation-over-wide-range/.

* Gas Electric Partnership Research Consortivm, Refiability Review of Electric Motor Drives for Pipeline
Centrifugal Compressor Stations, presented at Gas Electric Partnership Conference, Southwest Research
Institute, February 9, 2012, p. 11,
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Selection of EMD for the compressors at the Joelton Compressor Station would also
result in substantially less greenhouse gas emissions than would otherwise be emitted by
the Titan 250 gas turbines, The project site is in TVA service territory. TVA forecasts
that its average systemwide greenhouse gas emlssmn rate will be approx1mately 600
pounds per megawatt-hour (Ib/MWh) by 2019.* The TVA greenhouse gas emission trend
is shown in Figure 1. In contrast, the Titan 250 emits over 1,100 Ib/MWh of greenhouse
gas emissjons, almost double the TVA systemwide average projected for 2019.° If EMD
was sclected for the compressors at Joclton, the TVA electric power serving the
compressor EMDs would have a substantially lower greenhouse gas footprint than the
proposed Titan 250 gas turbines.

Flgure 1.TVA Systemwnde Greenhouse Gas Emission Trend®
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Electric motors and natural gas-fired combustion turbines have approximately the same
installed cost.” The cost of electricity drives the operating cost of EMD compressors,
Wholesale electricity prlces have declined substantlally in recent years. The average
wholesale electricity price in TVA servwe territory in 2015 was about $38 per megawatt-
hour (3.8 cents per kilowatt-hour).® Wholesale electricity prices were even lower in

' TVA, Key Facts about TVA and Carbon Emissions, September 2015:
https://www.tva.com/file_source/TY A/Site%20Content/News/Features/2016%20Features/Fact%20Sheet%
20-%20TVA%20and%20Carbon.pdf.
* Gas Turbine World, 2016 Performance Specifications — 32" Edition, January-February 2016, Volume 46,
Ne. 1, p. 6 and p, 18, Titan 250 lower heating value (LHV) heat rate = 8,775 Btu per kilowatt-hour
(Btw/kWh). Assume natural gas LHV to higher heating value (HHV) ratio is 0.90. Therefore Titan 250 heat
rate (HHV) = 8,775 Btw/kWh + 0.9 = 9,750 Btw/kWh. The CO; emission rate per million Btu (MMBtu) =
117 Ib/MMBtu. The Titan 250, in electrical generation applications, has a rated output of 21.745 MW
(21,745 kW). Therefore the hourly CO, emission rate of the Titan 250 at rated capacity = 21,745 kW x
9,750 Btw/kWh = 212 MMBtw/hr. Pounds of CO, emitted per hour = 117 Ib/MMBtu x 212 MMBtu/hy =
24,804 Ib/hr, Titan 250 CO, emission factor = (24,804 lb/hr) + 21,745 MW = 1,141 Ib/MWh.
S'TVA, Key Facts about TVA and Carbon Emissions, September 2015,

" Interstate Natural Gas Association of America, nterstate Natural Gas Pipeline Efficiency, October 2010,

p. 35,

8 TVA, Refining the Wholesale Pricing Structure, Products, Incentives and Adjustments for Providing
Electricity to TVA Customers - Final Environmental Assessment: Appendix A - Wholesale Power Rates and
Charges for Standard Service Customers, Tuly 2015, p. 31, Average of summer, winter, and transition on-
peak and off-peak wholesale rates is approximately $38 per megawatt-hour.
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neighboring service territories. For example, the average wholesale clectricity price m
Midwest in 2015 was $28.91 per megawatt-hour (less than 3 cents per kilowatt-hour).”
Low electricity prices increase the competitiveness of EMD compared to gas turbine
drive.

EMD is a technically and economically feasible alternative for the compressors at the
Joelton Compressor Station, and should therefore be thoroughly evaluated by the

Metro Nashvifle/Davidson County Air Pollution Control Division as a RACT alternative
for the Joelton Compressor Station.

? Midcontinent Independent System Operator, 2015 State of the Market Report for the MISO Electricity
Markets, June 2016, p. 2.
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Attachment A. Representative EMD Compressors in Pipeline Service

From EN Engineering website, accessed October 28, 2016 http://www.enengineering.com/projects/

Compressor Replacement at Station 104

Found In/ Posted On / 07.9.2013

KINDER/MORGAN

Client: Kinder Morgan / NGPL

Project Description: Mainline Electric Drive Compressor Unit Replacement

Project Title: Conpressor Replacement at Station 104

Location: Kansas USA

Responsible for detailed engineering and design, preparation of construction documents and procurement for
the installation of a 13,000 HP Siemens motor driven Dresser Rand 50 PDI-HS compressor to replace an
existing compressor unit, CSP-5

East End Expansion Project
Found Tn / Posted On / 07,9.2013

Spectra)
Er’w)ergy j

Client: Ozark Gas Transmission (Spectra Energy)

Project Description: Preliminary Design of Two Mainline Electric Drive Compressor Stations

Project Title: East End Expansion Project

Location: Arkansas, Missouri, Illinois USA

Provided project management, FERC resource reports, detailed design, construction documents and
procurement for three new compressor stations. Each compressor station consists of 2-10,000 hp electric motor
driven centrifugal compressor units and the associated ancillary systems, CSP-16
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Compressor Station Expansion Project

Found In/ Posted On / 07.9.2013
‘&
:2*23 Northern Border
; ~ Pipeline Company

s Gprrated by Yraralanada

Client: Northern Border Pipeline

Project Deseription: Greenfield Electric Drive Compressor Station

Projeet Title: Compressor Station Expansion Project

Location: Jowa USA

Dretailed design, project management, and preparation of material lists and construction documents were
provided for a new mainline compressor station. The unit was a 16,000 hp electric motor VFD centrifugal
compressor package. CSP-10

Ozark Gas Transmission (Spectra Energy) — Preliminary Design of Two
Mainline Electric Drive Compressor Stations

Found In / Posted Or / 05.31.2013

S ect@
Energy.

Client: Ozark Gas Transmission (Spectra Energy)

Project Description: Preliminary Design of Two Mainline Electric Drive Compressor Stations

Project Title: East End Expansion Project

Location: Arkansas, Missouri, [llinois USA

Provided project management, FERC resource reports, detailed design, construction documents and
procurement for three new compressar stations. Each compressor station consists of 2-10,000 hp electric motor
driven centrifugal compressor units and the associated ancillary systems.
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Selective Catalytic Reduction (SCR) at 2.5 ppm NO, and Dry Low NO,
Combustion at 9 ppm and 15 ppm are Cost-Reasonable RACT
Alternatives to Two Titan Turbines at Proposed Joelton, Tennessce
Compressor Station

Bill Powers, P.E., Powers Engineering, San Diego, California
January 5, 2017

This letter addresses the cost-reasonableness of nitrogen oxide (NOy) control cost-
effectiveness levels of 2.5 parts per million (ppm), 9 ppm, and 15 ppm for the two Titan
250 gas turbines currently proposed by the Tennessee Gas Pipeline Company, LLC, a
Kinder Morgan (KM) company, for the Joelton Compressor Station. This comment letter
supplements the August 1, 2016 Southern Environmental Law Center (SELC) comment
letter on RACT-level controls for the Titan 250 compressor drive gas turbines at the
proposed Joelton Compressor Station. The revised NOy control cost-effectiveness for
selective catalytic reduction (SCR) of greater than $16,000/ton alleged by KM in its
updated RACT analysis to achieve a 2.5 ppm NOy limit is in error, as explained in this
supplemental comment letter. The approximate NOy control cost-effectiveness for 2.5
ppm, 9 ppm, and 15 ppm control levels are $4,100/ton, $3,500/ton, and $1,200/ton,
respectively. All of these NOy control cost-effectiveness levels are less than the RACT
cost-reasonableness ceiling of $5,500/ton described in the August 1, 2016 SELC
comment letter, All of these NOy control cost-effectiveness levels are also below the
control cost-effectiveness range of $350/ton to $4,500/ton identified by KM in its original
RACT analysis submitted to Metropolitan Government of Nashville and Davidson
County Air Pollution Control Division (Metro Nashville) in September 2015.

KM has failed to present accurate and complete information about RACT alternatives to
regulators.! Issuance of the Joelton Compressor Station construction permit, as well as
the Part 70 Operating Permit as issued for comment in draft form, would violate the
standards in applicable regulations as these permits fail to require RACT to reduce NOj.
SCR with a NO, outlet concentration of 2.5 ppm is NO, RACT if gas turbines are utilized
on the Joelton compressors.

L SELECTIVE CATALYTIC REDUCTION IS COST-REASONABLE FOR
THE JOELTON GAS TURBINES AT APPROXIMATELY $4,000/TON OF
NOx REMOVED

Proper RACT analysis shows that SCR is cost-reasonable for the Joelton Compressor
Station at approximately $4,100/ton of NOy removed. Indeed, KM originally identified
the NO, control cost-effectiveness range for SCR on gas turbines as $350/ton to

! This includes the NO, control measures discussed in this letter and the electric motor drive (EMD)
alternative to the proposed gas turbines. As explained in my supplemental letier dated November 18, 2016,
EMD is a technically and economically feasible alternative fo the Titan 250 gas turbines currently proposed
by KM. KM did not present EMD alternative to Metro Nashville as RACT option for the Joelton
Compressor Station, making its application incomplete.
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$4,500/ton in its air permit application.” However, in its supplemental September 27,
2016 letter to Metro Nashville, obtained by SELC through a public records act request,
KM claims a NO, control cost-effectiveness for SCR of greater than $16,000/ton.” No
mention is made in KM’s September 27, 2016 letter of its own earlier statement in the
Joelton air permit application that the NOy control cost-effectiveness range for SCR on
gas turbines is $350/ton to $4,500/ton. This huge inflation by KM of the SCR NOy
control cost-effectiveness for the Titan 250 gas turbines proposed for Joelton is simply
ignored by KM.

A. KM relies on generic SCR calculations meant for larger units to justify a
cost-effectiveness figure nearly four times its original calculation

KM now relies on the 6" (2002) and 7% (2016) editions on the EPA Air Pollution Control
Cost Control Manual, specifically the chapters on selective catalytic reduction, as the
basis for its claim of a NOy control cost-effectiveness greater than $16,000/ton.* These
SCR chapters present a “first principles” approach to generic SCR design and cost for
high-dust coal-fired boilers. As stated in the 6™ Edition chapter on SCR:®

The capital and annual cost equations were developed for coal-fired wall
and tangential utility and industrial boilers with heat input rates ranging
from 250 MMBtu/hr to 6,000 MMBtu/hr (25 MW to 600 MW), The SCR
system design is a high-dust configuration with one SCR reactor per
combustion unit,

The 7™ Edition identifies the SCR cost calculations as applicable to coal-fired and oil-
and gas-fired utility boilers greater than 25 MW, stating:®

Capital cost equations are provided for both coal-fired and oil- or gas-fired
units. The capital cost equations are applicable to coal-fired utility boilers
and to oil- or gas-fired utility boilers at facilities with generating capacity
greater than or equal to (=) 25 MW.

Neither the EPA 6™ Edition or 7" Edition make any claim that the generic SCR cost
calculations provided in these documents are applicable to natural gas-fired gas turbines

% §. Chhabra — Kinder Morgan, MHDDPC Title V Permit Application Update and Supplemental
Information, Tennessee Gas Pipeline Company LLC Compressor Station 563, Davidson County, Joelton,
TN, September 11, 2015, Attachment 1 — Title V Permit Application, p, 27,

* 8. Chhabra — Kinder Morgan, Updated RACT Analysis for Tennessee Gas Pipeline Company LLC
Compressor Station 563, Davidson County, Joelton, TN, September 27, 2016, p. 2. KM estimate of NQ,
control cost-effectiveness is $16,696/ton.

*§. Chhabra — Kinder Morgan, Letter to Metro Public Health Department — Updated RACT Analysis for
Tennessee Gas Pipeline Company LLC Compressor Station 563, Davidson County, Joelton, TN,
September 27, 2016, p. 2.

*EPA, EPA Air Pollution Control Cost Manual, 6" Edition, Section 4 NO, Controls, Section 4.2 NO, Post-
Combustion, Chapter 2 Selective Catalytic Reduction, EPA/452/B-02-001, January 2002, p. 2-40,

SEPA, EPA Air Pollution Conirol Cost Manual, 7" Edition, Chapter 2 Selective Catalytic Reduction, May
2016, p. 2-63.
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fess than 25 MW in output. The Titan 250 is rated at 21.7 MW when utilized in an
electric generation configuration.”

B. A proper cost estimate for SCR on an equivalently sized turbine to the
Joelton Compressor would reference vendor gunotations, as recommended by
EPA.

In contrast, the EPA published in March 2015 a cost estimate for SCR, oxidation catalyst
(OxCat), and continuous emission monitors for a 21.7 MW gas turbine in combined heat
and power (CHP) service.® The heat input and exhaust gas flowrate assumed by EPA for
the 21.7 MW turbine match those of the Titan 250,

The EPA cost estimate for SCR is based on SCR vendor quotations. Since the EPA’s 6"
Edition was published in 2002, hundreds of gas turbines have been equipped with SCR in
the U.S. SCR manufacturing and supply is a highly competitive business and vendor
quotations are readily available for all makes and models of gas turbines. All eleven
compressor drive gas turbines, including Titan turbines, included in the proposed Atlantic
Coast Pipeline (ACP) will utilize SCR for NOy control."’ Peerless Manufacturing, a
major U.S. supplier of SCRs to the power industry, provided the performance
specifications for these SCRs to the ACP project development team. 2 The EPA relied on
SCR vendor quotations in its March 2015 CHP document to estimate a total installed cost
of an SCR/oxidation catalyst/continuous emissions monitor package for the Titan 250 gas
turbine of approximately $2,400,000,"

The cost of the OxCat in the EPA cost estimate must be deducted to determine the cost of
the SCR alone. The installed capital cost of the OxCat component of this control package
is approximately $400,000 according to Solar Turbines, Inc., the manufacturer of the
Titan 250."* When the $400,000 cost of the OxCat is deducted, the all-in cost for the SCR

7 Qolar Turbines, Inc, Industrial Gas Turbine Produci Line and Performance (brochure), 2016, p. 2.

8 EPA Combined Heat and Power Partnership, Catalog of CHP Technologies - Section 3. Technology
Characterization — Combustion Turbines, March 2015, p. 15:

https://www .epa.gov/sites/production/files/2015-

07/documents/catalog_of chp technologies section_3,_technology characterization -

_combustion turbines.pdf.

° Ibid, Table 3-2, p. 3-6 and p. 3-7.

10 Solar Turbines, Inc, Industrial Gas Turbine Product Line and Performance (brochure), 2016, p. 2. Titan
250 exhaust mass flow: 541,400 Ib/hr. Titan 250 fuel heat input: lower heating value (LHV) 190.8
MMBitwhr (estimated higher heating value = 1.1 x LHV = 210 MMBtu/hr).

' Atlantic Coast Pipeline, LLC, Dominion Transmission, Inc. Supply Header Project, FERC Docket No.
CP15-554-000 , Resource Report 9 Air and Noise Quality, September 2015, p. 9-24, See Attachment A.
12 Atlantic Coast Pipeline, LLC, Atlantic Coast Pipeline Project Permit Application - Marts Compressor
Station, Lewis County, West Virginia, October 2013, Attachment M — Air Pollution Control Device
Sheet(s) and Attachment N (pdf p. 161).

13 EPA CHP, Table 3-5, p. 3-14. Equipment cost of SCR/OxCat/CEM, 21.7 MW turbine, 90% NOx contro}
from 15 ppm to 1.5 ppm = $1,516,400. Ratio of CHP total installed cost to equipment cost = $30,879,300
+$19,397,900 = 1.59. Therefore, total installed cost of SCR/OxCat/CEM = 1.59 x $1,512,400 =
$2,404,716, See Attachment B.

" Telephone communication between B. Powers/Powers Engineering and J. Belmont/Solar Turbines, Inc.
{Pittsburg office), July 12, 2016.
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and continuous emission monitors is about $2,000,000. The only difference in the SCR
design for a Titan 250 in a CHP application and a Titan 250 in a pipeline compressor
application like Joelton is the addition of a low-cost tempering air fan in the compressor-
drive application to maintain the exhaust gas temperature within the normal operating
range of a standard SCR catalyst."

Finally, the installed cost of the continuous emissions monitoring package for the gas
turbine is estimated at $250,000 based on an actual CHP project consisting of two Solar
Taurus turbines in Southern California,’® When the installed cost of continuous emissions
monitoring package is excluded, the total installed cost of the SCR is $1.75 million.

EPA does not include the cost of continuous emissions monitors as a component of the
SCR cost-cffectiveness calculation in the 6™ and 7 Edition cost manuals, Air permits for
gas turbines in compressor service in Tennessee allow the project owner to determine
whether to conduct continuous parametric monitoring, such as monitoring SCR ammonia
injection rate, or install continuous emission monitors.'”

C. KM’s erroneous SCR cost assumptions drive its highly inflated SCR cost-
effectiveness estimate

KM highly inflates several critical inputs to the SCR cost-effectiveness calculation in its
most recent calculation of SCR cost-effectiveness. The discrepancies between EPA 2015
and 2016 SCR cost assumptions and the assumptions used by KM in its September 27,
2016 RACT update letter to Metro Nashville are listed in Table 1. The magnitude of the
cost inflation by KM is described in the right-hand column of Table 1.

Table 1, Discrefmncies between EPA (2015 CHP Plant Cost and 2016 Control Cost

Manual 7" Edition), and KM SCR control cost-effectiveness calculations
Element EPA basis KM basis Magnitude of cost
inflation by KM

Capital cost $1.75 million (EPA | $4.1 miilion (EPA 2.5x higher capital
March 2015 SCR in | generic SCR cost cost of SCR
21.7 MW CHP calculation
application, SCR developed for utility
only). boilers > 25 MW.)

Capital recovery 7% interest, 30 10% interest, 30 25% higher

factor (CRF) years. CRF = years, CRF = (.1071 | annualized capital
0.0805 cost of SCR.

> E-mail communication between B, Powers/Powers Engineering and J. Harber/ AHM Associates (Peerless
Manufacturing representative), June 24, 2014.

¢ E-mail communication between B. Powers/Powers Engineering and Q. Giuseppe/Syska Hennessy (CHP
plant design firm) regarding installed cost of NO,/CO continyous monitoring systems on 5.8 MW Solar
Taurus gas turbines, County of Orange Government Center, Santa Ana, California, December 5, 2016.

"7 Tennessee Air Pollution Control Board, Construction Permit 970299P to ANR Pipeline Company —
Brownsville Compressor Station, issued August 12, 2015 for Solar Mars 100 compressor turbine (15,437
hp). Condition S-5(d), p. 4.
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SCR catalyst cost | $160/t° $257.96/ft° 60% higher SCR
catalyst cost.
SCR catalyst life 40,000 hours (5 3 years. Future 80% higher annual

years) in gas-fired
service.'® Future
worth factor at 7%
interest = 0.174.

worth factor =
0.3111 (EPA 7
Edition, SCR, p. 2-
85)

catalyst replacement
cost.

Ammonia reagent | $0.475 per pound $0.49 per pound of | 5x higher annual
cost of reagent solution, 19% ammonia reagent
aqueous ammonia cost.

D. Using EPA assumptions and omitting KM’s erroneous assumptions shows
that KM overestimates the NO, cost-effectiveness of SCR on the Joelton gas
turbines by a factor of four. '

Substituting accurate and current EPA’s assumptions for KM’s erroneous assumptions
demonstrates that the actual NO, cost-effectiveness of SCR on the Joelton gas turbines is
approximately $4,100/ton. This figure is within the SCR NOx conirol cost-effectiveness
range of $350/ton to $4,500/ton identified by KM in its original RACT analysis
submitted to Metro Nashville in September 2015. The actual cost-effectiveness of SCR
on the Joelton gas turbines is consistent with the original KM estimate of SCR cost-
effectiveness and approximately one-fourth the NOy control cost-effectiveness presented
in KM’s more recent analysis.

For example, KM’s analysis erroneously assumes that full-time staff must be onsite at the
Joelton facility solely to operate the SCR. However, SCR can be operated remotely at
unmanned compressor stations using supervisory control and data acquisition (SCADA)
technology.'” KM’s assumption regarding staffing results in KM applying a large
($268,000/yr) and unsupported- labor cost solely to support of the operation of SCR on
the Joelton gas turbines. At a minimum, the only unique SCR parameter that must be
remotely monitored is the ammonia reagent injection rate. Monitoring of this one
parameter does not require onsite personnel. No operating cost should be assigned by KM
to SCR use at Joelton.

The cost inputs to the calculation of the total annual SCR cost for the Titan 250 gas
turbines at Joelton are provided in Table 2, along with the calculation of the NOx control
cost effectiveness assuming 90 percent NO, reduction to a 2.5 ppm limit.

18 EpA 7 Edition, SCR, p. 2-75. “For oil- and gas-fired units, the SCR catalyst life is assumed to be
40,000 hours, and the catalyst life for some gas-fired units has been reported to be up to 60,000 hours.”

¥ Ozone Transport Commission, Technical Information:

Oil and Gas Sector Significant Stationary Sources of NO, Emissions — Final, October 17, 2012, p. 26.
“Another stated (industry) issue is that many compressor facilities are unmanned and that SCR installations
have not been demonstrated in unmanned facilities. Other industry information indicates that while it may
be true that there are currently few SCRs in unmanned facilities, with modern software based controls and
supervisory control and data acquisition (SCADA) type communication technologies there does not appear
to be any technical barrier to operating the SCR related controls and auxiliaries successfully from a remote
location.”
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Table 2. SCR NO, control cost-effectiveness using EPA assumptions for Titan 250 gas
turbine, 25 ppm to 2.5 ppm (90 percent reduction)

Element Inputs Annualized Cost
($/yn)
Annualized capital cost $1,750,000 x 0.0805 140,875
Annualized catalyst $183,840 x 0,174 31,988
replacement cost™
Ammonia reagent”’ 65,875 Ib/yr x $0.475/1b 31,291
Operating labor SCR reagent injection and exhaust 0
‘ gas temperature monitored remotely
using SCADA technology.
Maintenance costs 0.015 of total capital investment (KM 26,000
base case): 0.015 x $1.75 million,
Electricity, including $34,914 (KM base case) + $46,647 81,563
tempering air fan (75 kW tempering air fan x
$0.071/kW-hr x 8,760 hr/yr),
Total annual SCR cost, $/yr $311,717/yr
Total NOy reduction, 75.3 tons/yr
25 ppm to 2.5 ppm, tons/yr*
NO control cost- $4,140/ton
effectiveness, $/ton>

Use of accurate SCR cost inputs results in a SCR NO, control cost-effectiveness of
$4,140/ton, not the $16,696/ton presented by KM. KM overestimates the NOy, cost-
effectiveness of SCR on the Joelton gas turbines by a factor of four in its September 27,
2016 updated RACT analysis.

1L DRY LOW NOx COMBUSTION WITH A GUARANTEE OF 9 PPM IS
COST-REASONABLE AT A COST-EFFECTIVENESS OF
APPROXIMATELY $3,500/TON OF NOx REMOVED

Solar Turbines, Inc. indicates the added cost of a 9 ppm NO, guarantee on the Titan gas
turbine is $1.2 to $1.3 million.” This NO, control level requires use of a tempering air
fan with the SCR, as an OxCat is incorporated as an element of the control system,

HRM, September 27, 2016 comment letter, Attachment 1. Catalyst volume = 1,149.43 f°. Therefore, at a
EPA 7" Edition SCR catalyst cost of $160/ft%, initial catalyst cost = 1,149.43 f* x $160/f = $183,840.

* Ibid, 7.35 Ib/hr ammonia reagent flow rate for 88 percent NO, reduction from 25 ppm to 3 ppm.
Ammonia reagent flow rate for 90 percent NO, reduction to 2.5 ppm = 7.35 tb/hr x (0.90/0.88) = 7.52 Ib/hr.
Therefore, annual reagent consumption = 7.52 Ib/hr x 8,760 hr/yr = 65,875 Ibiyr,

* Joelton Compressor Station Application, September 11, 2015, Attachment 1, Table 3, p. 4. Potential To
Emit (PTE), each Titan 250 turbine = 83.65 tons per year (tpy). Ninety percent reduction = 83.65 tpy % 0.90
=75.3 tpy per turbine.

2 $311,717/yr + 75.3 tons/yr = $4,140/on.

* Telephone communication between B. Powers/Powers Engineering and J. Belmont/Solar Turbines, Inc.
(Pittsburg office), July 12, 2016,
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Assuming a capital cost of $1.3 million for the Titan 250 turbine, capital recovery factor
based on 7 percent interest over 30 years consistent with EPA 7" Edition, and a 75 kW
tempering air fan, the NO, control cost-effectiveness of the 9 ppm guarantee alternative is
$3,481/ton. >

III. DRY LOW NOx COMBUSTION WITH A GUARANTEE OF 15 PPM IS
COST-REASONABLE AT A COST-EFFECTIVENESS OF
APPROXIMATELY $1,000/TON OF NOx REMOVED

Solar Turbines, Inc. indicates the cost of a 15 ppm NOy guarantee on the Titan gas
turbine is $500,000.%” Assuming a capital recovery factor based on 7 percent interest over
30 years consistent with EPA 7" Edition, the NOy control cost-effectiveness of the 15
ppm guarantee alternative is $1,201/ton.

There is one operational Titan 250 gas turbine in pipeline compressor drive service in
Tennessee, in use since 2010 at the Columbia Gulf Transmission Compressor Station in
Hartsville, TN, that is guaranteed by Solar Turbines at 15 ppm NO,.** The Solar Turbines
documentation verifying the Hartsville Compressor Station Titan 250 is guaranteed at 15
ppm NO, is provided in Attachment C. Although Solar Turbines guaranieed the
Hartsville Titan 250 at 15 ppm NO,, the air permit issued for the project only limits the
turbine to 25 ppm NO,.”’

IV. CONCLUSION

The approximate NOy control cost effectiveness of 2.5 ppm, 9 ppm, and 15 ppm control
levels are $4,100/ton, $3,500/ton, and $1,200/ton, respectively. All of these NOy control
cost-effectiveness levels are less than the RACT cost-reasonableness ceiling of
$5,500/ton documented in the August 1, 2016 SELC comment fetter. For this reason,
KM’s analysis and application asserting that a 25 ppm NO, limit is RACT for the Joelton
gas turbines do not comply with applicable law.

25 The NO, base case is 25 ppm with a PTE of 83.65 tpy. A NO, emission limit of 9 ppm would reduce the
annual NO, PTE by: [(25 ppm — 9 ppm) + 25 ppm} x 83,65 tpy = 53.5 tpy.

26 $1,300,000 x 0.0805 = $104,650/yr. Tempering air fan electricity cost = $81,563/yr (see Table 2). NOx
control cost-effectiveness = ($104,650/yr + $81,563/yr) = 53.5 tpy = $3,481/ton,

7 Telephone communication between B. Powers/Powers Engineering and J. Belmont/Solar Turbines, Inc.
(Pittsburg office), July 12, 2016,

% The NO, base case is 25 ppm with a PTE of 83.65 tpy. A NO, emission limit of 15 ppm would reduce
the annual NO, PTE by: [(25 ppm — 15 ppm) + 25 ppm] x 83.65 tpy = 33.5 ipy.

29 $500,000 % 0.0805 = $40,250/yr. NOx control cost-effectiveness = $40,250/yr + 33.5 tpy = $1,201/ton.
% Columbia Gulf Transmission, Revised Air Permit Application for Hartsville Compressor Station,
February 24, 2009,

3 1hid, p. 2-1.
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Attachment A

Atlantic]  ATLANTIC COAST PIPELINE, LLC
Cosst|  ATLANTIC COAST PIPELINE

Pipelinel. Docket Nos.  CP15-__ -000
CP15-___-000
CP15-___-000

and

DOMINION TRANSMISSION, INC.
P oominion  SUPPLY HEADER PROJECT
Docket No. CP15-___-000

Resource Report 9
Air and Noise Quality

Final

Prepared by

an ERM Group company
September 2015
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Attachment A
Resource Report 9 Air and Noise Quality

used only as emergency use engines. The emissions limits specified in Subpart J1J for
emergency spark ignition engines greater than 130 hp for NOx, CO, and VOC are 2.0, 4.0, and
1.0 grams per hp-hour, respectively. Both engines have emissions guarantees that are at or

below these limits,

All auxiliary generators at the ACP and SHP stations will be subject to NSPS notification
and recordkeeping requirements, including records of notifications, maintenance, and
documentation that the engines are certified to meet applicable emissions standards. If the
engines are not certified by the manufacturer, then additional recordkeeping requirements apply.

Subpart KKKK — Standards of Performance for Stationary Gas Turbines

NSPS 40 CFR Part 60 Subpart KKKK regulates stationary combustion turbines with a
heat input rating of 10 MMBtu/hr or greater that commence construction, modification, or
reconstruction after February 18, 2005. Subpart KKKK limits emissions of NOx as well as the
sulfur content of fuel that is combusted from subject units.

The proposed Solar combustion turbines will be subject to the requirements of this
subpart. Subpart KKKK specifies several subcategories of turbines, each with different NOx
emissions limitations. All proposed turbines, except the Solar Centaur 40 turbine, fall within the
“medium sized” (>50MMBtu/hr, < 850 MMBtu/ht) category for natural gas turbines. The Solar
Centaur 40 turbine falls within the “small sized, mechanical drive” (< 50 MMBtu/hr) category
for natural gas turbines. “Medium sized” turbines must meet a NOx limitation of 25 patts per
million by volume (ppmv) at 15 percent oxygen (0,), and “small sized, mechanical drive”
turbines must meet a NOx limitation of 100 ppmv at 15 percent Oy under the requirements of
Subpart KKKK and will minimize emissions consistent with good air pollution control practices
during startup, shutdown and malfunction.

Solar provides an emissions guarantee of 9 parts per million volume dry (ppmvd) NOx at
15 percent O, for SoLoNOx equipped units, except for the Solar Centaur 40 equipped with
SoLoNOx, which has an emissions guarantee of 25 ppmvd NOx at 15 percent O,. These
guarantees apply at all times except during periods of start-up and shutdown and periods with
ambient temperatures below 0°F. In addition, SCR will be installed to lower emissions for all
turbines installed at the new ACP compressor Stations to further reduce NOx emissions to
5 ppmvd at 15 percent O,, except during periods of start-up and shutdown and periods with
ambient temperatures below 0°F.

The ACP and SHP compressor stations plan to conduct stack tests for NOx emissions to
demonstrate compliance with the Subpart KKKK emissions limits.

The NSPS Subpart KKKK emission standard for SO; is the same for all turbines,
regardless of size and fuel type. All new turbines are required to meet an emission limit of
110 nanogram per joule (ng/J) (0.90 pounds [lbs]/megawatt-hr) or a sulfur limit for the fuel
combusted of 0.06 Ibs/MMBtu. The utilization of natural gas as fuel ensures compliance with
the SO, standard due to the low sulfur content of pipeline quality natural gas.

9-24
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Turbines |
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Aftachment B

Table 3-5. Estimated Capital Cost for Representative Gas Turbine CHP Systems53

Nominal Turbine

Capacity (W) 3,510 7,520 10,680 21,730 45,607
{\:::/; ower Output 3,304 7,038 9,950 20,336 44,488
Eqmpment SRR SEER SR L i
Combustion Turbines | $2,869,400 $4,646,000 $7,084,400 | $12,242,500 | $23,164,910
Electrical Equipment | $1,051,600 $1,208,200 $1,304,100 $1,490,300 $1,785,000
Fuel System $750,400 $943,000 $1,177,300 $1,708,200 $3,675,000
ggf‘tegiﬁ‘;ery Steam | ¢329,500 $860,500 $1,081,000 $1,807,100 $3,150,000
SCR, €O, and CEMS $688,700 $943,200 $983,500 $1,516,400 $2,625,000
Building $438,500 $395,900 $584,600 $633,400 $735,000
Total Equipment $6,528,100 $8,096,800 | $12,214,900 | $19,397,900 | $35,134,910

Construction

$2,204,000

$2,931,400

53,913,700

0

$10,248,400

Total Instalied Capital

$8,732,100

511,928,200

$16,128,600

$25,400,100

$45,383,310

- Oth

Project/Construction

Management $678,100 $802,700 $1,011,600 $1,350,900 $2,306,600
Shipping $137,600 $186,900 $251,300 $394,900 $674,300
Development Fees $652,800 $899,700 $1,221,500 $1,939,800 $3,312,100
Project Contingency $400,700 $496,000 $618,500 $894,200 $1,526,800
Project Financing $238,500 $322,100 $432,700 $899,400 $2,303,500

Total Installe

Total Plant Cost

$10,839,800

$14,635,600

$19,664,200

$30,879,300

$55,506,610

Installed Cost, $/kW

53,281

$2,080

$1,976

51,518

51,248

Source: Compited by ICF from vendor-supplied data.

3.4.6 Maintenance
Non-fuel operation and maintenance (O&M) costs are presented in Table 3-6. These costs are based on
gas turbine manufacturer estimates for service contracts, which consist of routine inspections and
scheduled overhauls of the turbine generator set, Routine maintenance practices include on-line

running maintenance, predictive maintenance, plotting trends, performance testing, fuel consumption,
heat rate, vibration analysis, and preventive maintenance procedures. The O&M costs presented in
Table 3-6 include operating labor (distinguished between unmanned and 24 hour manned facilities) and
total maintenance costs, including routine inspections and procedures and major overhauls.

*¥ combustion turbine costs are based on published specifications and package prices. Installation estimates are based on

vendor cost estimation models and developer-supplied information.
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Attachment B

Table 3-8. Gas Turbine Emissions Characteristics

Electricity Capacity (kW) 3,304 7,038 9,950 | 20,336 | 44,488
Electrical Efficiency (HHV)
_Emissions Before After-treatment .
NO, {ppm)
NO, (Ib/MWh) 131 0.65 0.69 0.57 0.52
CO (ppmv) 50 25 25 25 25
CO (Ib/MWh) 1.60 0.66 0.70 0.58 0.53
NMHC (ppm) 5 5 5 5 5
NMHC (1b/MWh) 0.09 0.08 0.08 0.07 0.06
[Emissions with SCR/CO/CEMS . - L
NO, (ppm)
NO, {Io/MWh) 0.09 0.05 0.05 0.05 0.05
CO (ppmv) 5.0 2.5 2.5 2.5 2.5
CO (Ib/MWh) 0.11 0.05 0.05 0.05 0.05
NMHC (ppm) 43 43 2.0
NMHC (Ib/MWh) 0.08 0.06 0.02
€O, Emissions -
Generation CO, (Ib/MWh) 1,667 1,381 1,460 1,201 1,110
Net CO, with CHP (ib/MWh) 797 666 691 641 654

Source: Compiled by ICF from vendor supplied data, includes heat recovery

Table 3-8 also shows the net CO, emissions after credit is taken for avoided natural gas boiler fuel. The
net CO, emissions range from 641-797 Ibs/MWh. A natural gas combined cycle power plant might have
emissions in the 800-900 lb/MWh range whereas a coal power plant’s CO, emissions would be over
2000 Ib/MWh. Natural gas fired CHP from gas turbines provides savings against both alternatives.

3.5.2 Emissions Control Options

Emissions control technology for gas turbines has advanced dramatically over the last 20 years in
response to technology forcing requirements that have continually lowered the acceptable emissions

levels for nitrogen oxides (NO,), carbon monoxide {CO), and volatile organic compounds (VOCs). When
burning fuels other than natural gas, poliutants such as oxides of sulfur (SO,) and particulate matter
(PM) can be an issue. In general, SO, emissions are greater when heavy oils are fired in the turbine. SO,
control is generally addressed by the type of fuel purchased, than by the gas turbine technology.
Particulate matter is a marginally significant pollutant for gas turbines using liquid fuels. Ash and metallic
additives in the fuel may contribute to PM in the exhaust.

A number of control options can be used to control emissions. Below are descriptions of these options.

Cutalog of CHP Technologies 3-17 Combustion Tubines
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Columbia Gulf
[ransmisston.

A NiSource Company

Z@? FER 27 PH 01 1700 MacCorkle Avenue S.E.
Charleston, WV 25314

February 24™ 2009

. TDEC-Division of Air Pollution Control
Aftn: Greg Forte-Permits section

401 Church St.

8" Floor — L&C Annex

Nashville, TN 37243-1531

RE: Columbia Gulf Transmission
Hartsville C.S. (Reference No. 56-0004)

Columbia Guif Transmission Company (Columbia Guif) herein submits revised air permit
application for the second phase of a multi-year project to replace equipment destroyed
during multiple tomados in early February 2008 at its Hartsville Compressor Station located
in Macon County. Columbia Guif submitted an application in September 2008 for the
installation and operation of a new Solar Titan 2560 (Emission Unit 309} turbine, repaired
Pratt & Whitney GG4 (Emission Unit 305) turbine and 880 horsepower Waukesha VGF36GL
emergency generator to replace equipment installed under the significant Title V modification

issued July 15" 2008.-

This revised application is being submitted with information in format requested from TDEC
representatives for inclusion of an additional 440 horsepower Waukesha VGF18GL
emergency generator (Emission Unit G5). If you have any questions or need additional
information, please feel free to contact me at either (304) 3572079 or

kaabbard@nisource.com .

Sincerely,

e B0

Kasey Gabbard,NiSource EH8S
Permitting & Compliance Team Leader

Enclosures

¢! Srinivasa Kusumancha-TDEC
Hartsville C.8. Files
Clark Bourque-Columbia Guif EH&S
Corporate EH&S Flles
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2.0  SOURCE DESCRIPTIONS AND HOURLY EMISSION RATES

This section describes the sources to be installed and associated hourly emission rates.

2.1 Solar Titan Turbine

The proposed Solar Titan 250-30000 turbine is a natural gas-fired combustion turbine. It is ISO
rated at 28,500 hp of power output and 212.0 MMBtwhr of fuel input (all heat input ratings
presented in this document are based on fuel higher heating value). Based on the ISO rated heat
input, the turbine is subject to the emission limits in NSPS Subpart KKKK of 25 ppmv NOx at
15% O and 0.060 1b/MMBtu SO;. The proposed turbines will be equipped with Solar’s dry low
NOx combustion control system and will maintain stack emissions of €25 ppmv NOx, <50 ppmv
CO, and <2.5 ppmv VOC at loads >50% of full load and ambient temperatures 20 °F, At <50%
of full load and ambient temperatures below 0 °F, combustion system operation is altered to
maintain stable combustion, but higher emission rates occur. Stack gas concentrations of NOy,
€O, and VOC at each of the operating conditions are summarized in Table 2-1.

Table 2-1. Epission Concentrations for Solar Titan 250-30000 Turbine (ppmv @ 15% O3)

Operating Condition | NOx CO YOC
Normal Operation 25 50 2.5
<50% of Rated Load 70 2200 |30

0 to -20 °F Ambient 42 130 5

Power output and exhaust flow rate are a function of ambient conditions {the mass flow of
exhaust gas will increase as ambient temperature decreases due to the increase in combustion air
density) and compressor load (which varies with compressor throughput requirements and
pressure differential). Due to the variation in exhaust flow rates, criteria pollutant mass emission
rates will also vary, In addition, emissions also vary during turbine startup and shutdown due to
incomplete fuel combustion and flame stability requirements during these periods. The startup
cycle for the Titan takes approximately 9 minutes and the shutdown cycle takes approximately 10
minutes. During the startup and shutdown period, the turbine’s dry low NOx combustion system.
" is not in operation.

Table 2-2 presents turbine power output, exhaust flow rate, and hourly emission rates for the
Titan turbine during each of the above operating conditions. The NOx, CO, and VOC emission
rates in the table represent the maximum rates within each operating mode (ie., full load
operation at 0 °F ambient, low load, and full load at an ambient temperature of -17 °F which is
the record low temperature recorded in the Hartsville area) based on turbine performance data
provided by the manufacturer. Emission rates for SO,, PMjq , and formaldehyde (CH,O) are
based on emission factors in AP-42, Section 3.1. Supporting data and calculations are provided

in Appendix B-2.
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Solar Turbines
A Caterpillar Company

PREDICTED EMISSION PERFORMANCE

Cus.tomer Engine Madel |
NiSource TITAN 250-30000S5
Job 1D CS/MD 59F MATCH
Hartsville
inguiry Numbet Fust Type Water Injaction
SD NATURAL GAS NO -
Run By ’ Date Rus Engine Emissions Data
Wiiliam € Ofiver Il 20-Jun-08 REV. 2.0
NOx EMISSIONS CO EMISSIONS - UHC EMISSIONS
PPMvd at 18% 02 15.00 25,00 25.00
ton/yr 50.00 50.74 29.06
[bm/MMBtu (Fuel LHY) 0.060 0.061 0.635
lbm/{MW-hr) 0.54 0,55 0.31
as turbine shaft pwr,
0 , Ibm‘l)hr) [ 11.42 | | 11.58 | 1 6.63 B

Noles

1. For shori-term emission limits such as |

necessarily the same for another.
2. Solar's typical SoLoNOx waranty, for ppm values,

80% and 100% load.
3. Fuel must meet Solar standard fuel speci

compuosition, or, San Diego natural gas or equivalent.
5, Solar can provide factory testing |

6. Any emissions warranty.is applicable only for steady-stat
shut-down, malfunction, or transient event.

béihr‘, Solar recommends using "worst case” anticipated operating
conditions specific to the application and the site conditions. Worst case for one pollutant s not

is avallable for greater than 0 deg F, and between

50% and 100% load for gas fuel, and between 65% and 100% load for liquid fuel (except for the Centaur
40). An emission warranty for non-SoLoNOx equipment is available for greater than 0 deg F and between

fication ES 9-88. Emissions are based on the aftached fuel

4. If needed, Solar can provide Product information Lefters to address turbine operation outside typical
warranty ranges, as well as non-warranted emissions of 802, PM10/2.5, VOC, and formaidehyde.

n San Diego to ensure the actual unit{s) meet the above values within
the tolerances quoted. Pricing and schedule impact will be provided upon request.
& conditions and does not apply during start-up,
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[ ] - .
S°|ar Turbl“es PREDICTED ENGINE PERFORMANCE
A Caterpillar Company

Customer Model
NiS TITAN 250-30000S
iSource Packago Type
CS/MD
Job 1D Match
Hartsville 59F MATCH
Run By Date Run Fue] System
William C Oliver i 20~Jun-08 , GAS
Engine Performance Coda Engine Performance Uata Fuel Type
REV. 3.40 REV. 2.1 SD NATURAL GAS
DATA FOR MINIMUM PERFORMANCE
Elevation feet 0
Inlet Loss in H20 0
Exhaust Loss in H20 [{]
Engine Inlet Temperature deg F 59.0
Relative Humidity % 60.0
Driven Equipment Speed RPM
Specified Load HP FULL
Net Output Power HP 28500
Fuel Flow mmBtu/hr 190.83
Heat Rate Btu/HP-hr 6626
Therm Eff % 38,000
Engine Exhaust Flow bmihr 541390
Exhaust Temperature deg F 865
Fuel Gas Composition | Methane (CH4) 92.79
(Volume Percent) - pg 1o (G2HE) 4.16
Propane (C3H8) 0.84
..... N-Butane (C4H10) 0.18
N-Pentane (C5H12) 0.04
Hexane (C6H14) 0.04
Carbon Dioxide (CO2) 0.44
Hydregen Sulfide (H28) 0.0001
Nitrogen [N2} 1.51 A
Fuel Gas Properties [ LAV (Btu/Scl) 939.2 | Specific Gravity 0.5970 | Wobbe Index at 60F _1215.6| °

This performance was calculated with a basic inlet and exhaust system. Special equipment such as low
noifse sflencers, special fifters, heat recovery systems or cooling devices will affect engine petformance.
Performance shown Is "Expected” performance at the pressure drops stated, not guaranteed.
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SO|a-r Turbl nes : PREDICTED EMISSION PERFORMANCE
A Caterpiliar Company :

Customer Engine Modsl

NiSource TITAN 250-30000S

Job ID CS/MD 59F MATCH

Hartsville

Inguiry Number Fuel Type Water Injection

SD NATURAL GAS NO
Run By Dale Run ) : Engirie Emfssions Data
william G Oliver Hll 20-Jun-08 REV. 2.0
NOx EMISSIONS CO EMISSIONS UHC EMISSIONS

E Himidity: 60.0%: [ Terperatiire
Bttt Ly Lty R '-'r',"'(-rn-}p--. A b T

31431, Hp 2:100.0% Eoad: [ E1&v

on Pen e K Rk o

""" 'PPMvd at 15% 02 15.00 A 25.00
tonfyr '55.32 56.13
tbm/MMBtu (Fuel LHV) 0.060 0.061
_ Tbm/(MW-hr) 0.54 0.55
(gas turbine shaft pwr
g Ihmlhr) P 1263 | | 12.82 11 7.34 ]
R A0 76601 [ ReE NUmdityZ.60.0% [¢ Temperatures: 2 0.Dea: K |
PPMvd at 15% 02 25.00 25.00
ton/yr 32.91 18.85
Ibm/MMBtu (Fuel EHV) 0.061 0.035
ibm/(MW-hr) 0.80 0.46
as turbine shaft pwr
(o lbm'?hr) P 7.40 1 L 7.51 | 4.30 !
| [£27249 Hp'7,100.0% L mlfﬁiel 72660 1t |2 Rel: Humidityr 60,0% FiTémparature,..59.0.D¢G: E |
PPMvd at 15% 02 15.00 25.00 25.00
tonlyr 48.33 49.04 28.09
Ibm/MMBti (Fuel LHV) 0.060 0.061 0.035
Tm/(MW-hr) 0,54 " 0.55 0.32
as turbine shaft pwr
0 Ibrn?hr) B 1.03 - | | 11.20 10 6.41 B

Motes

1. For short-term emission limits such as |
conditions specific to the application an
necessarily the same for another.

2. Solar's typical SoLoNOx warranty, for ppm valu
50% and 100% load for gas fuel, and between 65%
40). An emission warranty for non-ScLoNOx equipmen
80% and 100% load.

3. Fuel must meet Solar standard fuel speciﬁcatioh ES 9-98, Emissions are based on the atta
composition, or, San Diego natural gas or equivalent.

4, If needed, Solar can provide Product Information Letters to address turbine operation outside typical
warranty ranges, as well as non-warranted emissions of SO2, PM10/2.5, VOC, and formaldehyde.

5. Solar can provide factory testing in San Diego to ensure the actual unit{s) meet the above values within
the tolerances quoted. Pricing and schedule impact will be provided upon reguest.

6. Any emissions warranty is applicable only for steady-state conditions and does not apply during start-up,
shut-down, malfunction, or trensient event.

bsihr., Solar recommends using "worst case” anticipated operating
d the site conditions. Worst case for one poliutant is not

es, Is available for greater than O deg F, and between -
and 100% load for Iquid fuel (except for the Centaur
tis avallable for greater than 0 deg F and betwaen

ched fuel
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[ ] "
Sﬂlal“ Turbl“es PREDICTED ENGINE PERFORMANCE
A Catorpillar Company :
Gustamer Moded
, TITAN 250-30000S
NiSource Fackage Tyo
CS/MD
Job I Match
Hartsville 59F MATCH
Run By [rata Rub Fuel System
William C Oliver il 20-Jun-08 GAS
Engine Performance Code Engine Performance Data Fuel Type
REV. 3.40 REV, 2.1 SD NATURAL, GAS
DATA FOR MINIMUM PERFORMANCE
Elevation ' feet 660
Inlet Loss in H20 40
Exhaust Loss in H20 4.0
Engine Inlet Temperature deg F -17.0 59.0
Relative Humidity ’ % 60.0 60.0
Driven Equipment Speed rRem | espa]| [ 6696] | _4853| [ 6265
Specified Load HP FULL FULL 40.0% FULL
Net Output Power HP | 32378 31431 12572 27249 ]
Fuel Flow mmBtu/br | 216.30 209.87 131.00 184.48
Heat Rate Btu/HP-hr 6651 6677 10420 6770
Therm Eff % 38,086 38.106 24.419 37.582
Engine Exhaust Flow ibmihr 589180 577256 438789 523327
Exhaust Temperature deg F 833 839 818 871
Fuel] Gas Composition | Methane (CH4) 92.79
{Volume Percent) "Ethane (C2HS) 4.16
Propane (C3HB) 0.84
N-Butane (C4H10} 0.18
N-Pentane (C5H12) __0.04
Hexane (C6H14) . 0.04
Carbon Dioxide (CO2) 0.44
Hydrogen Sulfide (H28} 0.0001
| Nitrogen {N2) 1.51
Fuel Gas Properties | LHV (Btu/Scf) 939.2 | Specific Gravity 0.5970 | Wobbe Index at 80F 1215.6 |
This performance was calculated with a basic inlef and exhaust system. Special equipment stch as low
noise silencers, special filters, heat recovery systems or cooling devices will affect engine performance.
Performance shown is "Expected” performance at the pressure drops stated, not guaranteed.
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- -
SOIar Turblnes PREDICTED ENGINE PERFORMANCE
A Caterpiifar Company .
Customer Model
. TITAN 250-30000S
NiSource T
CSIMD
Job 1D Match
Hartsville §9F MATCH
Run By Date Run Fuel System
William C Oliver Hl 23-Jun-08 GAS
Engine Performancs Code : Engine Performance Data Fuel Type )
REV. 3.40 REV. 3.0 SD NATURAL GAS
DATA FOR MINIMUM PERFORMANCE
Elevation feet 660
Inlet Loss in H20 4.0
Exhaust Loss n H20 4.0
Engine Inlet Temperature deg F ~17.0
. Relative Humidity % 60.0
~— Driven Equipmerit Speed RPM
Specified Load HP 40.0%
Net Output Power HP 12956
Fuel Flow mmBtufhr 144.84
) Heat Rate Btu/HP-hr 11179
Therm Eff % 22.760
Engine Exhaust Flow Ibm/hr 480917
Exhaust Temperature deg F 817
Fuel Gas Compaosition | Methane (CH4) 92.79 |
(Volume Percent) “Ethane (C2HE). 416
' Propane {C3H8) 0.84
- N-Bufane {C4H10) ' 0.18
N-Pentane (C5H12) 0.04
Hexane (C6H14) £.04
Carbon Dioxide {COZ) 0.44
- . Hydrogen Sulfide (H25) 0.0001
: Nitrogen (N2) 1.51

Fuel Gas Properties | | HV (Btu/Scf) 939.2] Specific Gravity . 0.5970 | Wobbe Index at 80F 1215.6

" This performance was calculated with a baslc infet and exhaust system. Special equipment such as low
noise silencers, special filters, heat recovery systems or cooling devices wifl affect engine performance.
Performance shown Is "Expected” performance at the pressure drops stated, not guaranteed,
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Powers Engineering Response to Metro Public Health Department
Questions Regarding (1) Selective Catalytic Reduction Cost and (2) the
9 ppm NO, Limit as RACT for the Titan 250 Gas Turbines at Proposed

Joelton, Tennessee Compressor Station

Bill Powers, P.E., Powers Engineering, San Diego, California
March 14, 2017

This letter addresses two questions directed by the Metro Public Health Department
(MPHD) to the Southern Environmental Law Center (SELC) by e-mail on March 10,
2017:

1. MPHD has identified a few issues with the (selective catalytic reduction) SCR
analysis submitted by Bill Powers. Based on our review, the cost breakdown does
not appear to include indirect costs such as design, construction, and labor.

2. Also, regarding the 9 ppm, we are being told that there are no Titan 250 models in
operation with that technology. If Mr. Powers explained, in sufficient detail, how
the technology worked on the smaller models and if it could be applied in the
same manner to the larger models, we would be in a better position to evaluate
that as well.

These two questions are answered in the following sections.

In addition, three previous Powers Engineering reports demonstrate that (1) SCR at 2.5
ppm NOy is a cost-reasonable RACT alternative for the permit application under
consideration by MPHD, ! and that (2) an electric motor drive, which would climinate
combustion air emissions at the Joelton Compressor Station, is a technologically and
economically feasible RACT alternative that should be fully evaluated by MPILID.?

1. POWERS ENGINEERING SCR COST ANALYSIS DOES INCLUDE
INDIRECT COSTS INCLUDING DESIGN, CONSTRUCTION, AND

LABOR

Powers Engineering relies on the March 2015 EPA cost estimate for SCR, oxidation
catalyst, and continuous emission monitors for a 21.7 MW gas turbine in combined heat
and power (CHP) service in the January 2017 Powers Engineering evaluation of the cost

! Bill Powers, Selective Catalytic Reduction (SCR) af 2.5 ppm NO, and Dry Low NO, Combustion at 9 ppin
and 15 ppn are Cost-Reasonable RACT Alternatives to Two Titan Turbines at Proposed Joelton,
Tennessee Compressor Station (Jan. 5, 2017); Bill Powers, Review of Reasonableness of NO, Emission
Limits for Two Titan Turbines at Propesed Joelton, Tennessee Compressor Station (July 26, 2016).

2 Bill Powers, Electric Motor Drive Is Viable RACT Alternative to Two Titan Turbines at Proposed Joelton,
Tennessee Compressor Station (Nov, 18, 2016).
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of SCR submitted by SELC to MPHD.? The heat inbut and exhaust gas flowrate assumed
by EPA for the 21,7 MW turbine match those of the Titan 250.%°

As Powers Engineering explained in that letter, the EPA relied on SCR vendor quotations
in its March 2015 CHP document to estimate a total installed cost of an SCR/oxidation
catalyst/continuous emissions monitor package for the Titan 250 gas turbine.® Powers
Engineering subsequently deducted the cost of the oxidation catalyst and continuous
emissions monitor package to estimate the total capital cost of the SCR.

The EPA cost estimate includes construction labor, project and construction management,
development fees, project contingency, and project financing charges, in addition to
equipment cost. A list of costs 1ncluded in the EPA installed cost estimate is provided as
an attachment to this response letter.’

{8 A CONTROL TECHNOLOGY DOES NOT HAVE TO BE IN
OPERATION TO MEET THE “REASONABLY AVAILABLE”
REQUIREMENT OF RACT

As explained by EPA in the attached materials and as summarized below, determining
what constitutes a reasonably available control technology (RACT) requires a case-by-
case analysis, and technology that is RACT does not have to be off-the-shelf or in
operation. This principle is consistent with the MPDH regulation that describes a
procedure for determining RACT, which includes a requirement that the permittee
investigate demonstrated “reasonably available emission reduction methods” before
MPHD then determines RACT. ® MPDH’s regulation does not define RACT, therefore
EPA’s guidance controls,

Here, Tennessee Gas Pipeline Company (TGP) voluntarily proposed meeting 2 9 ppm
NOy standard on Titan 250 gas turbines in compressor station applications, in the same
year, 2015, that it submltted the air permit application to MPHD for the Joelton
Compressor Station.” MPHD has confirmed that the manufacturer of the Titan 250, Solar

* EPA Combined Heat and Power Partnership, Catalog of CHP Technologies - Section 3. Technology
Characterization — Combustion Turbines, March 20135, p. 15:
https://'www.epa.gov/sites/production/files/2015-
07/documents/catalog_of chp technologies section 3. technology characterization -

combustion turbines.pdf,
* Ibid., Table 3-2, p. 3-6 and p. 3-7.
* Solar Turbines, Inc, Industrial Gas Turbine Product Line and Performance (brochure), 2016, p. 2. Titan
250 exhaust mass flow: 541,400 1b/hr. Titan 250 fuel heat input: lower heating value (LHV) 190.8
MMBtufhr (estimated higher heating value = 1.1 x LHV = 210 MMBtu/hr).

® EPA Combined Heat and Power Partnership, Catalog of CHP Technologies - Section 3. Technology
Characterization — Combustion Turbines, March 2015, Table 3-5, p. 3-14, System 4.
" Id. (Attachment 1).
® Metro Nashville/Davidson County Health Department Division of Air Pollution Control, Regulation No,
14-3 (“Regulation For Control of Nitrogen Oxides™).
? TGP, Environmental Report: Northeast Ener gy Direct Project, Resource Report 9, Air and Noise Quality,
FERC Docket No. CP16-21, November 2015.
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Turbines, has already sold two Titan 250 gas turbines guaranteed at 9 ppm NO. 1 There
is no question that the manufacturer of the Titan 250 is willing and able to guarantee 9
ppm NOy on the Titan 250, and that the manufacturer was able to do so the year (2015)
the Joelton air permit application was filed with MPHD.

The applicable standard for a technology to be technicaily feasible for application under
RACT is “reasonable available.”'" It is not limited to technologies that are currently in
operation. The EPA defines “reasonably available™ as 2 st1 ingent and technology forcing
requirement that goes beyond off-the-shelf technology. '? The claim that a 9 ppm NO
limit on the Titan 250 gas turbine cannot be considered RACT because no Titan 250 with
the 9 ppm NO, control package is yet operational has no merit in the context of the EPA
definition of “reasonably available.”

1. CONCLUSION

The SCR cost estimate included in the Powers Engineering January 4, 2017 evaluation of
the cost of SCR on a Titan 250 gas turbine includes indirect costs.

Solar Turbines, the manufacturer of the Titan 250, will guarantee 9 ppm NOj, and has
offered such guarantees on the Titan 250 since 2015. TGP voluntarily proposed a 9 ppm
NOy limit on the Titan 250 in other compressor station applications in 2015. The
manufacturer of the Titan 250 has sold two units equipped with the 9 ppm NOy control
package. The EPA defines “reasonably available™ as a stringent and technology-forcing
requirement that goes beyond off-the-shelf technology.

Based on my education and experience gained throughout my 35-year career, it is my
professional opinion that the 9 ppm NOy guarantee level offered by Solar Turbines for the
Titan 250 meets the EPA definition of “reasonably available” technology. The claim by
TGP that the 9 ppm NOj limit cannot be RACT because a Titan 250 with the 9 ppm NOy
control package is not yet in operation (although two such units have been sold) has no
merit as a justification for rejecting the 9 ppm NOy limit as RACT for the two Titan 250
gas turbines proposed for the Joelton Compressor Station. In addition, SCR at 2.5 ppm
NO,, or an electric motor drive which would eliminate combustion air emissions at
Joelton, are RACT for this project.

1% Brief of Respondents, Tennessee Gas Pipeline Co. v. William S. Paul et al, No. 17-1048 (D.C. Cir.
March 2, 2017}, pp. 10-11,

YWEPA, Implementing Reasonably Available Control Technology Requirements for Sources Covered by the
2016 Control Techniques Guidelines for the Oil and Natural Gas Industry, October 20, 2016, p. 2. “The
EPA has defined RACT as the lowest emission limitation that a particular source is capable of meeting by
the application of control technology that is reasonably available considering technological and economic
feasibility.” (Attachment 2).

2 EPA, Environmental Protection Agency Memorandum on Acceplability of Implementation Plan
Regulations in Non-Aliainment Aveas, 1. Reasonably Available Control Measures, a. Stationary Sowrces,
December 9, 1976, p. 1210. “RACT encompasses siringent, or even “technology forcing” requirement, that
goes beyond simple “off-the-shelf” technology.” (Attachment 3).
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P

P . COMBINED HEAT AND
EPA POWER PARTNERSHIP

~ Catalog of
CHP Technologies

‘Section 3. Technology
aracterization — Combustion :
- Turbines |

U.S. Environmental Protection Agency
Combined Heat and Power Partnership

GED 8Ty
0“\ ’3%‘

A
% 5 & COMBINED HEAT AND
"0t prosS SEPA POWER PARTNERSHIP
March 2015
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Table 3-5. Estimated Capital Cost for Representative Gas Turbine CHP Systems53

Nominal Turbine

Capacity 3,510 7,520 10,680 21,730 45,607
{\:(‘\EL)P ower Qutput 3,304 7,038 9,950 20,336 44,488
Combustion Turbines | $2,869,400 $4,646,000 $7,084,400 | $12,242,500 | $23,164,910
Electrical Equipment | $1,051,600 $1,208,200 $1,304,100 $1,490,300 $1,785,000
Fuel System $750,400 $943,000 $1,177,300 $1,708,200 $3,675,000
ggite:‘:ti"r:ery Steam | 799 500 $860,500 $1,081,000 41,807,100 $3,150,000
SCR, CO, and CEMS $688,700 $943,200 $983,500 $1,516,400 $2,625,000
Building $438,500 $395,900 $584,600 $633,400 $735,000
Total Equipment $6,528,100 $8,096,800 | $12,214900 | $19,397,900 | $35,134,910

Construction $2,204,000 $2,931,400 $3,913,700 $6,002,200 510,248,400
Total Installed Capital $8,732,100 511,928,200 $16,128,600 $25,400,100 $45,383,310

;::S:é gfenrfttm‘:t"’" $678,100 $802,700 $1,011,600 $1,350,900 $2,306,600
Shipping $137,600 $186,900 $251,300 $394,900 $674,300
Development Fees $652,800 $899,700 $1,221,500 $1,939,800 $3,312,100
Project Contingency $400,700 $496,000 $618,500 $894,200 51,526,800

$238,500 $322,100 $432,700 5899,400 $2,303,500

$10,839,800 $14,635,600 $19,664,200 530,879,300 $55,506,610
Installed Cost, S/kW' $3,281 $2,080 51,976 $1,518 51,248
Source: Compiled by ICF from vendor-supplied data.

3.4.6 Maintenance

Non-fuel operation and maintenance (O&M) costs are presented in Table 3-6. These costs are based on
gas turbine manufacturer estimates for service contracts, which consist of routine inspections and
scheduled overhauls of the turbine generator set. Routine maintenance practices include on-line
running maintenance, predictive maintenance, plotting trends, performance testing, fuel consumption,
heat rate, vibration analysis, and preventive maintenance procedures. The O&M costs presented in
Table 3-6 include operating labor (distinguished between unmanned and 24 hour manned facilities) and
total maintenance costs, including routine inspections and procedures and major overhauls.

3 Combustion turbine costs are based on published specifications and package prices. Installation estimates are based on
vendor cost estimation models and developer-supplied information.

Catalog of CHP Technologies _ 3-14 Combustion Tubines
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UMITED STATES ENVIRONMENTAL PROTECTION AGENCY
RESEARCH TRIANGLE PARK, NC 27711

OCT 20 2016

OFFICE OF
AR QUALIFY PLANNING
AND STANDARDS

MEMORANDUM

SUBJECT: Implementing Reasonably Available Control Technology Requirements for Sources
Covered by the 2016 Control Techniques Guidelines for the Oil and Natural Gas Industry
FROM: Anna Marie Wood, Director OJ}MEMW
Air Quality Policy Division, OAQPS (C504-01)

TO: Regional Air Division Directors, 1 - 10

The pur pose of this memorandum is to provide information and guidance on State Implementation Plan
-{SIP) revisions resulling {rom the newly-issued Conltol Techmqucs Guidelines (CTG) document for, the.
Qil and: Natural Gas Industry: The CTG provides: recommendations o mlm tstale deler mmatlons as to
whal constitutes reasonably’ available contiol icchnology (RACTY for emission sotirces cover ed’by this
CTG, The 2016 Oil and Gas CTG is tivailable on our websile at:
Tittps./fwww.epa.goviozone-pollution/state-implementation-plan-sip-checklist-guide.

States that contain certain ozone nonattainment areas-and:states in the Ozone Transport Region{OTR)
are required (o submit 4 revision to the RACT provisions in their ozone SIP in response to-any newiy-
igsued CTG-docwnent, In accordance witli the timing set orth in‘the Oil and Gas CTG, the revision to
SIPRACT provisions for sources ¢overed by the CTG are due 2:years after the CTG Notice of”
Avm]abnhly is published i the Federat Register. Sources coveied by this CTG include those located in
2008 ozone National Ambient Afr Qualliy Standards (NAAQS) nonaltaintient areas classified as
Moderate {or hnbhex) and the states in the OTR, aIlhough states may also.apply the recommendations in
this C'TG to sources in other areas. The emissions controls determined by the state to be RACT for
sources covered by the Oil and Gas CTG must be implemerited as soon as practicable, but in no case
later than Januaty :I, 2021.

Tribes may choose fo adopt RACT provisions in a Tribal Implementation Plan (TP} to address the Oil
and Gas CTG in Indian country, C‘oa1515tml with the Clean: Air Act (CAA)and the Tribal Authority
Rute (TAR) where tribes donot clevelop a TIP for nonall'nnmenl areas of Indmn country ¢lassifi ed as

" On danuaty 17,2014, the United Staies Courl of Appeals for the District of Columbia Circuit issued a decision vacating the
Environmental Profection Agency’s 2011 rule titled, “Review of New Sources and Modifications i Tndian Country” (76 FR
38748) with respect to non-reservation areas of Indian country unless a tribe or the EPA demonstrates that a tribe has
jurisdiction in a partiewlar area (See Oklahoma Department of Environmental Quality v. EPA, 740°F.3d 185 (D.C. Cir.
r’014)) Under the colrt’s reasoning, with respect 1o CAA $1Ps, a stale has primary regulatory jurisdiction in non-reservation
areas of Indian country (i.c., Indian allotments located outside of veservations and dupemlunt Indian communities) within its
geographic boundaries untess the EPA or atribe has demonstrated that a tribe has jurisdiction over a particular areaof non-
reservation Indian counlry within the state,
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Moderate {or higher) for the 2008 ozone NAAQS, the EPA will adopt a Federal Implementation Plan if
it defermines that doing so is nccessary or appropriate to protect air quality. See CGAA. §301(d), 40 CFR
49,4, and 40 CFR 49,11,

The Oil-and Gas CTG inclides model rule language for air agencies to consider in developing their
RACT provisions. The model rule Iangungc was devaiopcd 1o assist airagencies in siluations where they
may tiol have monitoring, inspection and per formance testing. provisions necessary for RACT; In some.
cases, the model nile language:may need/lo- be revised to make'it aclequate for SIP approval pul‘po‘;eq
The niodel rulelanguage may assist with, détermining compllance requirements where airagencies
détertine the recommendations in the Oil-and Gas CTG constitute RACT,

The EPA fias provided RAC‘ Timplementation policies in previous guidance dociments available at
httpsHwww.epa.gov/ozone-pollution/staie-implementation-plan-sip-checklis/ ~gznde The RACT policies:
deséribethe ¢ gcncml process for case-by-case RACT determinations andhow air-agencies canjudpedhe.
fcasmlllty of imposing the- mm;nmendcd gonlrols within lheu particular JLlllSle!IOl’l‘i andadjust the
conlrolrecomniendations as. apptopuaie and-justified, The récommended controls in the Ofl-and Gas
CTG arc the “presumptive norm’ baséd on general industiy, parameters and. publlshed asstmiptions. .In
its rgview.and. approval process for-case- by- ase RACT determinalions, the BPA will considerthe
‘inforniationin the € TG, as well ag information submitied by the air agencies and the public.

‘ Jhe TI’A has-defiied: RACI as the lowest emission limitation that a Jpar ticular source is capable of
nieeting by (he appllcahon of oomml technology that is réasonably. available conmdenng leohnologlcal
‘and ecot ommié. I'e'ls1bll|1y 2"The General Pr camble Supplement (Scptembm 17 1979; 44 PR 53761),,goes
ndicate that: RACT: Im i pmllcnlal souree s determined-on‘a. c'we»by CASE basw consider ing: lhe
_tcahnofogncaliaud geonomic CllClllﬂ‘:t"lﬂCGS ol the individual sovice: ey llucmng, econoimic: feamblhty
"1‘01 RAC‘ F clctcmnlnalions lhc, gwg,s. 51g111ﬁcan1 welght lo cconoml ; cf fi ciency and mclatwe cost—

--ﬁ,aslbjhly tlﬂt would apply m eve} Iy C’I‘SQI, al‘ld d]d nol cstcnbhsh ducmon lu]m lhat would hwe iesu 1cted
the cost.consideration in deielmlmng, whiether aiy emjssions control is coisidered “cost effective.”
Ther efore, aIE RACT detérminations:are. GO]]S!dSlCd cases by~case delemunat;ons.

The Oil 'and:Gas CTG containg l‘ecommended conilois that states-may- 1ead1!y '1dopt subject10. BPA
approval for. 2 oups of coverc,d BOUICES,: HOWGVG! 4 state ‘may also: GDHSldGl the urigueness of a slnec;ﬁc
source’sioperations in- wa]uaimg whethu‘ lhy zccommended controls z are RACT for that source: The dir
apency: should: provide BPA with the. ml‘oa mation supporting the source- spcmﬁc determination of rRacT
[for each source, This demonstralioi, coulcl tqke into account cost effectiveness, Where the’ LPA
determines that lic air agency has showu lhat an alter nativetothe controls recommended in the CTG.

salisfies the requirements for RACT the T EPA W1E1 propose {6 approve the RACT demonshat:on

The attachbd RACT Qllcstlons -and. Answexs (Q&A) document- addresses-issues raised: cluung thc
comment period on the'draft. Oil and Gas CTG. The Q&/\ document provides additional elatificalions
1ha1 we believe may be: helpi ul to the air agencies preparing the ozone: SIP revisions triggered: by the
issuance of the 2016 Oil and Gas CTG. Please distribute this document to your: states, local contiol

2 The LPA a!llculatcd ﬂns definition of RACT in a memprandui from Roger Strelow, Assistant Administrator for Ajt and
Wasle Management, to Regional Administyators Regions: |- X, titled *Guidance for Deter nining Accq)lablltly GESiP

Regllahons in Non-attainmienl Areas,” (Dccembel 9, 1976) :
T The 10le of economic l‘eas:b:ln_y is-discussed in the June 19, 1985, EPA mentoraindnin fitled, “Criterid:for Deletmmmg

RACT in Region IV *
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agencies and tribal governments, Regional office staff' may contact Butch Stackhouse at (919) 541-5208
ot siackhouse, butch@epa:gov, with questions about RACT policy, and Bruce Moore:at (919) 541-5460
or moore.bruce@epa.gov, with questions about the CTG reconimendations.
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Attachment

Questions and Answers Regarding the Control Techniques Guidelines (CTG) for the Oil and
Natural Gas Industry (Oil and Gas CTG)

-REHSOll'lblV Awailable Control Techno]og,y (RACT) Requirements for 2008 Ozone. Natlonal Ambienl

Juality Standards (N AAQS) Nonflttam_mem Arcas dnd Ozone Trans] )01lRe ion: OTRi_Siates

Ql: When do the slates With Modgrate (or hlghei) 0Zong nomltamment aress for'the 2008 vzone
NAAQS and states inthe OTR need to submitState Implementation Plan (SIP) revisions to-address the
Oil and Gas Control Techniques Guidelinies: (CTG)?

At Clean Air Act. (CAAYsection 182(1))(2) p]owdc‘; {hat the B ]’A Administrator will establigh-a
deadline for SIP revisions addressing RACT for sources (,oveaed by:any néw-CTG. The 2016 Oiliand
“Gas C1'G is consideredito. havie been issued: upon its effective date-whicliis the same date that itis
published'in the Federal Register, The SIP revisions are dueito the GPA 2 yearsaller the CTG is. Jssuecl
This deadline '1])1)]!88 for areas classified as Moderate (or higher) Tor the 2008.0zone* NAAQS, and (o
states iivthe OTR as of the date ﬂle CTG is issved,

Q2 What is the maximum amount of t;me that a SIPrevision for the 2008 0zone. NAAQS RACT
1equncments ;msmg from the 201 6.0l dnd Gas C"i G may allow for subject sources io coniply with the

new RACT requir emenl<;9 '

A2; The SIP reyision-should provide f for RACT to:be mlplemenled as. expedltzously as plactlcable I"01

-the pr eVlous 1 hom 070]16 NAAQS sectlon 182(b)(2) of lhe CAA ])lOVidCd a time limit for
AAQS;ifhe! JPA adoplcd:. fnilar

t]le 20] 6 Oli and Gas CTG we are app]ym;, sumiat dmclimcs a8 prov:ded m 40_CFR )
-whwh meains thatall: nents _musi be: 1mp,lunemed by Tamruy T-of the 5']’
CTG s ssued, 1.6, by.Jé . sonote:th LONE: ) i 40 CF
51 1108((!) plowcle lhal all measi dlstale mtmcls to :bly on 101 dtlammem must be: unp]ementcdfno

later’ lhan {he; bq,mmng, oi the last full ozone: seasonbefo:c the: allammmt clalc So, 11 astale intends to )
-rely on: 1edubtlons from new Oil'and Gas measures. ol purposes of attaining. ths 2008 ozone, NAAQS . F
‘{he RACT rules mitist réquire; comphdnce no‘later than the begmnmg of the 2017 ozone season for
'Modente areas, and the bcgmmng of the 2020 ozone season for Senous areas.

Q3: Do tubes need (0 meet the saine. subnnllal and 1mp]emcnlat10n deadlmes if: thcy choose 10 deve]op a
Tribal Implementqtlon P an (TIP)‘?

A3:The Tribal Authority Rule (TAR) al:40 CFR 49. 4 stalesAhat tribes. w111 not be trealed as states with

' ::cspccl 1o certainplan subittal and: nnplemem'mon deadlinesfor the NAAQS and other.CAA dead]mcs
including Jequnemcms under CAA§182. While the TAR: ‘provides that the BPA “[s]hall promulgate:
wilhoul an unr easonah]e L]L]d}' such federal implementation plajy provisions as-gre necessary-or
appropriate to"prolect 4ii quality” where a TIP-is not adoptéd by a tr {be, the BEPA has flexibility with
regard 1o the timing for doing so. See CAA §301(d) and 40 CFR 49.11. .
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Q4: Does.issnance of the 2016 Oil and Gas C'T'G create a separate RACT determination obligation for
areas that were nonattainment for the 1997 ozone NAAQS at Lhe time i was revoked?

A4: No. We revoked the 1997 ozone NAAQS effective April 6, 2015, but retained certain requirements
for arcas under our regulatory anti-backsliding provisions, See 40 CFR 51.1105. Under the anti-
backsliding provistons, only the CTG-related RACT requirements under the 1997 ozone NAAQS: (hat
applicdito an aiea 4l the time of revocation of the 1997 ozone NAAQS (April 6, 2015 were retained,
Since the new Oil and Gas CTG was issucd alter April 6, 2015, 11 is not an-applicable anti-backsliding
requirement for the previous 1997 ozone nonatiainment areas undu‘ our anti-backsliding-regulations.

Q5: Can the recommendations in the 2016 Oil and Gas CTG be applied 1o relevant sources not
otherwise subject to the CAA's RACT requirement?

AS: Yes. States may use the CTG, including:the model rule language, as a reference: for establishing
-emissions controls for existing oil andgas sources not subject 1o the CAA's RACT requirements; This
would include sources located in atlainment areas and in Marginal nonatlainment areas. Because
controls for such sources are optional, the CAA and EPA's rules do not specily an implementation
deadline for such controls.

RACT Determinations

Q6: What flexibility do states with established oil and gas scctor regulations have in establishing RACT
for their sources covered by the 2016 Qil and Gas CTG?

AG: The Oil and Gas CTG provides presumptions of what technology-is reasonably available, These
presumiptions are:provided: for the pirpose ol infor mmg RACT determinations made by air a;,mcies.
These présumptions, however, are not binding. The air agencies may Jml: (y the iniplementation of oller
technically-sound:approaches that are consistent’ with the CAA, the EPA’s implementing regulations,
and policics onyintérpreling RACT, Regardléss of wlicther an air ageney chooses to-adopl rulés
implementing the recommendlations.contained in.the CTG of to issue rules that adopt: different
approaches for RACT for volatile organic compeunds cmltted from oil:and: natural.g gas. lndust:y sources:
located in the QTR stales.or in the relevant nonatlainment arcas, in ils. jurisdiction; air agencies must.
submit their RACT tules to- (e EPA for review and apploval using the SIP: process. The BPA will
cvaluate the submissions and determine, through notice and:comment rulemaking, whether the
submitted riles meet the RACT requirements of the CAA and.the EPA’s regiilations,

Q7: Can an airagency determine that the RACT requirement for oil and natural gas sources is met with
the. federal oil and natural gas New Source Performance Standards (NSPS)?

A7: The EPA has not made a determination that the NSPS (40 CFR part 60, subpart OO0Q0a), which
differs from the 2016 Oil and Gas CTG in several respects, is ptcsumptlvely RACT. Moreover, the
fedéral-oil-and:gas NSPS does not apply to existing sources. If the air agency believes that the NSPS
establishies RACT-level coiitrols for one or more sources, the.air agency thay submil those riles.as-a SIP
revision. Any such SIP would need to clearly apply the conllol requirement contained in the NSPS to
relevarit existing sources in the specific nonaltainment area or O'TR state. The EPA will évaluate the
submitted rules and determine, through notice and comment rulemaking in the SIP revision process,
whether the submitied rules meet the RACT requirements of the CAA and the EPA’s regulations.
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Q8: Can an air agency submit a negative declaration. that a specific nonattainment area or entire OTR
state has no sources covered by the 2016 0il and Gas CTG?

A8: Yes, The air agency must provide and submit-such-a déclaration as a formal SIP revision thai
complies with the. requirements of the CAA and 40 CFR part 51, Appendix V (e.g., the declarationis
sub;ec_t to.public process) and pr ovide _%cwncnlatmn supporting the negative déclaration,

Q9 Can-an air agency demonstrate that implementing: {he: recommended RACT controls i it the CTG.is
not 1echnologlcaliy and: econonnmlly feasible ducto particular circumstances of a; spcc;ﬁc source (e:g:,.
considering the cost-cfcetivencss of the contiol when the VOC content of. the pas is very low)?

A9: Yes. Cost- effeotwenesg can'be a Lelevant consideration when evaluating the. technologpicq} and
GEONOMmIC Ie'xsxbxhly of a control: Such a démonstiation: would fi¢ed to-include documentation.of-the
-speciﬁc factor's that lead to.the agency’s: conelusion that an altcnnatlve contx ol is Justlﬁed asRACT in
licu ofr he. CTG-lecommended RACT for-the lelevant SOUICE OF Sources. :

Q10: ‘Can an-airagency use the VOC conteniof an oil or gas St can as an-applicability threshold for
determining whethcl 2 RACT deter mmation is tequned for a source covered. by the 2016 Oil and Gas .

CTG'P

AIO No The emissions sources coveu,d by he: 201 6 Oa] and Gas- C"l G s récommendations do-iot.
depend-onandiare: not-defined: by VOC content thy esholds Ilowevel ainair agency-could determine hat,

based of th {-ofan:oilor g,a's streamat a speczi ic souree, the recommended R_ACT isinot”

.technologlmlly 01‘ economlcally fe eamb]e Thls should bc a bom_cc~sp£:mf 10 concluslox _
1t : oncentration 011 or gds sueams

‘-Wlth()lll 1egja1d .__to volumc or tIn" '_ ghput T he LPA’S pO]lCIbS encoma i agencles to consider the. VOC
emission potential of sources i thelr-area and how. they may- differ from those: consuieled inthe: _
,analyses that suppo1t the nccommenddtlons i the 2016 Ol] aid: Gqs CTG when they make then RAC’F

deteunmdtlons

Qll; Cfm anair agency dctcnmmc, that VOC reduetions will not improve ozone air qu'llity in the
11011'1tt'unment aréai(j.¢., the area is njlrogen oxide. (NOx) limited) and, ther efc)lc, determisie no-further
vOcC conlzols are 1equued o meei RACT 1equnements lngg,e; ed by the 2016 Oil and Gas GTG?

A1 No. The: CAA does not exempt areas that are: NOx~lnmled flom mcetmg RACI wqunements for
sources of VOC, Section’ ]82(b)(2)(A) of the CAA: pld'\iides that for Moderate {ot-higher) ozone -
nonatlfnnmcm arcas, aii ageneiesniust revise: heir SIPs10 inclide RACT for each categoiy. of VOC
sources covered by a CTG docuinent 1ssued between Novembej 15,1990, and the date of
attainment, CAA Sectxon }84(13) requires. that stale air agencles in. Lhc, OTR must.ievise theit-SIPs to -
nnplemcm RACT with: respect lo:all gources of VOU iii'the state coverédiby a CTG, Therefore; all 'states
in the OTR and all Maoderate (01 higher) ozone nonattainment areas are 1eqmied 10 make RACT

deter mmataons for sources covered by the 2016 Oil.and Gas CTG,

Qi2: Can an ait agency establish-a framework for implementing voluntary measures for-sources covered
by the CTG to fulfill the statutory RACT requirement?

A12: No. RACT measures must be permanent and enforceable emission controls.
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Q13: Can an air agency exclude from their RACT determinations those sources implementing best
management practices?

A13: No. RACT determinations must be made for all sources covered by the 2016 Oil and Gas CTG.

RACT Requirements for Nonattainment Areas and OTR States Associated With the 2015 Ozone
NAAOS

Q14: Will anair agency’s RACT determination for oil and natural gas sources in their state, required for
purposes of the 2008 ozone NAAQS, also satisfy the future RACT requirement for those same sources
for purposes of the 2015 oZzone NAAQS?

Al4: For air agencies submitting SIP revisions to address RACT for sources covered by the 2016-0il
and Gas CTG during the first few years after nonattainment designations for the 2015 ozone NAAQS, it
is Tikely any RACT determinations just recently completed for'the 2008 ozene NAAQS would not
change. However, air agencies-required to address RACT uinder the 2015 ozone NAAQS will need o
review existing RACT determinations (o determine whether existing rules still meet RACT for all
covered-sources at the appropriate time for purposes of the 2015 ozone NAAQS: This review should
take into account any sources affected by any differenices that might exist between the nonattainment
arca boundaries for the 2015 and 2008 ozone NAAQS, For example, a larger nonattainment arca for the
2015 NAAQS might result in RACT déterminations for additional sources: If the air agency detertiiines
that the RACT lequnemenl for: the 2015-ozone NAAQS is-the same as the deteérmination made for the
2008 ozone NAAQS, the:air ageney could submit a certification letter explaining the basis for this
determination, A-state’s S1P submission in the form ofa cerlification leiter attesting thal the state’s SIP
already contains adequate provisions to satisty the RACT requirement foisources coveréd. by the 2016
Oil and Gas CTG must-eome to:the EPA asa-SIP submission in accordance with 40 CFR part 51,
Appendix V, which includes a-state notice-and-comment process, .

Q15: Where ap air agency submits a negative declaration (that the area in question has o sources {o
which the CTG is applicable) under the 2008 ozone NAAQS, are they required to submit a new negative
declaration for the RACT requirement for the 2015 ozone NAAQS?

A15: Yes. Air agencies may not rely on negative declarations submitted for purposes of any prior ozone
standard fo fulfill-a new RACT determination requitement triggered by the establishment of a new
‘ozone-standard; It is possible thal since the petiod 6T the last negative declaration; new CTG-covered
sources have been-located in the-aréa where RACT must be addressed; Air-agencies, {herefore, thust
provide and submit a new SIP revision (wiiich is subject to public notice and comment) containing either
new RACT determinations or a-new negative declaration,

Q16: When must air agencies governing nonaltainment areas or OTR states submit a SIP revision for
RACT to the EPA? What is the required implementation date for any emission limits/controls
determined to be RACT in the state’s SIP revisions for the 2015 ozone NAAQS?

A16: These deadlines are derived from the RACT requirements in CAA section 182(b)(2). The EPA has
not yet finalized an Implementation Rule for the 2015 ozone NAAQS, but we anticipate that.the RACT
deadlines lor the 2015 ozone NAAQS will {ollow the same schedule as those associated with the 1997
and 2008 ozone NAAQS, For both:the 1997 and 2008 ozone NAAQS, the EPA’s implementation rules
provided that RACT SIP submissions were due 24 months afier the effective date of area designation.

4
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Those tules further provided that air agencies must require affected sources to implement RACT rules as
“expeditiously as practicable, but no laterthan January 1 of the 5" year aller the effective date of -
designation, Those rules also indicate that any measures-relied on for demonstrating atlainment-must bo
implemented no laler than the begihning of the:final full ozone season preceding the aftaininent date.See
45-CFR 51,1108 In.some circuimstances, ihat date would precede the lalest date for implementing
RACT under the RACT regulaiory. provisions.” |

Q17: If an aji-agency applies .CTGu‘recmn’_mended controls to il and:gas sources located in aftainment
arcas olitside-the OTR, can the reductions be credited in the state’s ozone SIP?

All7: Tn certain-cases VOC emissiofis gontrols.on:oil and gas:sources located oulside ozone
nonattainment dreas may help improve air-quality in the downwind nonatiaininent arcas, Reductions
from sovices oulside a nonattaipment are not creditable toward fulfillment of CAA-required reasonable
furlher progicss goals-in those nonattainment areas, However, if states detetmine that such reductions

are betieficial, GAA segtion 1 72(&1)‘(6) indicates that these control:measures should be considered for
inclusion in the state’s attainment plan:.

4. For tefereice, the SIP yevision scheduli for RACT for-the 2008 ozone NAAQS ¢ai bé:found at 40 CFR 51.1F12(a)(2) and
(3). Additional information regarding RACT requirenionts for the 2008 ozone NAAQS can be found in the March 6, 2015,
Tederdl Register notice (80.FR 12263) on page 12278.in section 1, and in:the EPA’s résponses 1o quostions. 14; 36 and 37:0f
the May 18; 2006, Q&A-docunient (available af hitps:ihvww3.epa.govitn/caaalt I miemorandalractqandapdf).
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ENVIRONMENTAL PROTECTION AGENCY MEMORANDUM ON ACCEPTASBILITY
OF IMPLEMENTATION PLAN REGULATIONS IN NONATTAINMENT AREAS

December 9, 1876

SUBJECT: Guidance for delermining Acceptability of SIP
Regitlations In Non-attainment Areas

FROM: Roger Strelow, Assisiant Administrator for Air and
Wasie Management )

MEMO TO: Regional Administrators, Reglons I-X

The basis for fully approving stale-submilted SIP
regulations eoniinues to be demonslrafed atlainment and
mainterance of all national ambient alr quality standards as
expeditiously as praclicable. II the plan demonsirates at-
tainmenl and maintenance, EPA is required to approve the
state regulations. EP'A cannot dlsapprove them hecavse they
are tpo stringen! or because EPA considers them not
stringent enough (for example, because hey are iess
slringent than a comparable Federal regulation or because
they conirol fewer cources than conirolled by .Federal
regulations}, providing the overall §IP shows attain-
ment and maintenance as quickly or quicker than any
other available control sirategy. If the slate plan shows
attainment and mainienance, Federal regulations may be
revoked at the Hme of approval. :

Especially for oxidani, carbon mongxlde, and particulate
matfer ¢in areas dominated by urban fugltive dust}). conlrol
mitasures required (oatlain the standards may be technically
impossible or soclally or ccenoinlcally unacceplable within a
shorl time frame. In this sitbatlon, EPA still cannol disap-
prove state regulations because they are *'too stringent,”
and industry cannot suceessfully challenge #n approval on
the ground thal the requirements are lechnologicaily or
economically infeasible. On the other hand, EPA must disap-
prove the state regulations if they ave nol stringent enough.
The test for approvabllity of indlvidual regulations is
whether fhev require, al 2 minimum, all reasonably
available conirols on a source as expeditionsly as prac-
licable. This memorandum seeks to provide guidance as to
how 10 ascertain if stale regulations meel these minbmum

requirements. The use of any given level of contro! which
{ails o assure attninment should only be considered 1o be an
interim measure. As control technology improves and as
new control measures become leasible for an area, it will be
necessary for the SIP to be periodically revised to include
these measures until atlainment and maintenance can be

demonstraled..
(l. Reasonably Availabje Conlro} I\Ews)

a. Stationary Sources

With respect 1o individual point sources and area spurces
with defined emission points (i.e., those amecnable to the
application of "classical”™ control equipment), reasonably
available conlrol technology (RACT} defines the lowesl
emission }imil that a particular sovree is capable of meeling
by the application of conirol technology that is reasonably
avallsble considering technological and economic feasibili-
ty. Thus, RACT encompasses stringent, or éven “'Llechnology
Torcing,"” requiremeni that goes beyend simple *foff-
the-shell” technology. As nofed, RACT is the minimum
EPA can accepl in non-ailzipment state plans,

The determination of RACT and Lhe corresponding emis-
sionr rale, ensuring the proper application and operation of
RLACT, may vary trom source to source due lo sovrce cons
figuralion, relrofil feasibility, operation procedures, raw
malerials, and other technlcal or econsmic characleristics
of an individual source or proup of sourees. In order to assist
(ke Hegions in determining the impact of these variables on
RACT, OAQPS is conlinuing to develop RACT guidance
materials [5ee allached slatus rveport). This malerial
describes what can be accomplished with good technology

* As s1ated at the outsel of this memorandum, the test for ap-
proving the entire contral strategy — and for EPA thus nol kaving to
promulgate any measures — continues lo be demonsirated altain-
menl and maintenance of the NAAQS.
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CURRENT DEVELOPMENTS
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Attachment 3 1211

and ‘defines lhings that should be considered in establishing
an emission Limit [or a specilie source of that Lype. In deter-
raining RACT lor an individual source or group of sources,
the contral agency, wsing Ihe available goidance, should’
select the best available controls, deviating From (hose con-
trols only where Jocal condilions are such that they cannol be
applied there and imposing even tougher controls where con-
ditions allow. For example, ihe best avallable conirol for &
buller burning coal and bark al a pulp miil is mulliclone
followed by an electrostatic precipitalor (ESP), the lwo con-
tro) devices having an overall collection efficlency of 89,5%.
Hewever, in areas where the bark or similar fuel has a high

salt content as a result of the logs being [oaled in the es-

tuary porlion of the river, It may be that the iechnological
and ecanomic problems of nslalling and operating a large,
corrosion resistant ESP may prove unreasonable. More
technojogical and economleally feaslble controls consisling
of a multiclone and wet collector designed Lo withstand the
corrosive condilions, and perhaps funclioning more ellec-
lively on a salt fume than an ESP, depending cn thepressure
drop employed, may constitute RACT under the conditfons
cited. In every ease RACT should represent the toughest con-
trols considering technological and economic feasibility thal
can be applied to a speclfic situation. Anything less than Lhis
is hy definition less than RACT and net acceplable for areas
where it is not possible 1o demonsirate altainmenl.

A% B further assislance to the Regions in defining RACT for
the more difficull or the far from textbook situalions,
OAQPS's Emission Standards and Englineering Divislon
(ESED) will establish 3 consuiling group to support the
Regicns. This group will include ESED stalf bul will also in-
clude technical experlise (rom OE and the Regional Olfices.
In specific instances, the National Air Pollution Conlrol
Techniques Advisory Committea (NAPCTAC) may be asked
lo assist in a RACT delerimingtion, The consulling group is
being established as a service to lhe Regions and il should
not be Iooked at as a clearinghouse for regicnal RACT deter-
minations. These decisions are yours lo make. The group is
deslgned lo help you as needed on the most dilficull cases.

b. Mobhile and Area Sources

As with point sources, measures which constilule

reasonably available contrals for mobile sources and area
sources with undefined emlssion points may represeni
refatively stringent requirements which In many situtatlons
forees the application of measures not previonsly adopted or
implemmented in 4 given area, These mensures Include yehi-
cle inspectfon and mainlenzanee, Lransportation conirel and
land use measures, cerlain controls on fugitlve and reen-
{rained dust, and other measures which may influence
cuslomary life styles, They do not Include clearly un-
reasonable measures such as subslantial gaseline rationing.
Moreover, what may ba reasonable In one area may be un-
reasonable in’ snother. For example, while It may be
reasonable a5 a Lransporiatien control measure to quickiy
reduce the number of cars perinitied (o cnler the eentral
business district in a cily wilh 2 good mass transit sysiem, it
would nol be reasonable to do this o the same limetable ina
city with a peor mass transit system.

2, Documcenlation

In those siluations where the State’s control sirategy can-
not demonstlrate attzinment it will be necessary for the Slate

to document that their conlrol sirategy represents the
applcalion of reasonably avallable control measures Lo all

available source categories. The Reglon should not approve
a control strategy (hat does not conlain sufficient documen:
tation o show {hat the required conirol measures are the

Copyright ® 1976 by The Bureau of National AHgira, Ing,

tonghest that are reasonably available for the sources in the
area covered by the control strategy.

3. Replacemnent of Federal Regulations

In some areas the SIPs already contain EPA reguialions
representing reasonably available controls that generaliy
reflect a nallonal definitlon of reasonably avatlable controls

" for that source category and (hal were arrived at hy EPA

afler proposal and public hearing, {e.g., Stage I and I gas-
cline markeling regulations In 16 AQCRsS; transporiation
control measures in 28 AQCRs).

In lhese situations there is inherently less Hexibility In the
definilion by fhe siate of reasonably available conirols and
specific justification will be needed before EPA could ap-

., prove a regulation which exempts significanily more

sources, .or whlch imposes contrels significantly less
stringent, than the Federal regulations. This justificalion
should document the specific case-by-cese economlc,
technical or other facltors which cause the state's
regulations, although signilicantly different from Lhe
Federal regulation, 1o include all that Is reasonable for a
specific area, (The state regulation would still have io con-
formi to the criterla outlined for defining reasonable control
measures.) Such justification must be provided nol only asa
basis for approval of the state regulations, but also to protect
the enforceabilily of comparable Federal and siale
regulations In other areas. In the absence of acceptable
Justilication, the state regulation exempting some spurces
can be approved as far as It goes and the Federal regutation

-should remain in effect to cover sources for which the siaie’s

regulation does not apply. Of course, nothing should preclude
a slate from adopling and this Agency approving & regula-
tion' which requires more conlrel than the Federatly
promulgated regulation,

. _ Since it is the Agency's objectlve to encourage the stales

to develop and implement regulations to replace EPA
regulations, the Agency may approve state regulations (hal
are only marginally different from the Federal regulations
withoul the detailed justiication noled above If, in the'
Regional Administrator’s judgment, the impact on
emissions differs imperceplibly (less than 5% in cases
where il is possible fo quantify the difference} from thai of
the Federal regulations and there Is no significant threat of
undermining EPA activittes elsewhere in the nation. When
determining if a stale yegulation Is environmentally
equivalent to the Federal.regulation, EPA ean only look at
the particular measure being implemented. In other words,
it would be unacceptable to approve a measure requiring
significantly less control than the corresponding Federal
measure on the Lasis that other conirol measures im-
plemented in the same area ate significantly more siringent
than the comparable Federal mesasures. In areas where al-
tainment cannel be demonstrated, all reasonable measures
on all source gategorics are needed.

To further enconrage slales Lo replace EPA regulations,
reasonable additional time generally may be granted to com-
ply with replacement regulalions providing the new com-
pliance dates (effective dates) are not clearly excessive, We
cannai expect a state Lo adopt regulalions which depend upen

. Ihe prior Federsl regulations to alert sources o the steps

needed for conbrol, except in those cases where lhe slale
regnlation is substantially identical to the Federal regulation
which it replaces. On the other hand, granting of additionai
time must be dope with care se 45 not to undermine the ac-
lion-forcing role of Iirm deadlines in EPA efforts elsewhere,
The use of a “'gocd [alth elforls™ test will be appropriate in
some circumstances. '
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_ ‘s."Conclusion _

In conciuding, T would like to reilerate the fact that the ajr
guality standards are not boing attained in many of {hese
RACT areas. Therelore, we cannot relax ihe intensity of the

2ir poltution control effort. We should ensure that all soureas

contributing to (he nonatlalnment sitvation are required to
implement, restrictive available control measures even If it
requires significanl sacrifjces.

cc: My, Tuerk, Mr. Bacber, Mr. Leogro, Mr. Bonine, Mz,
Hidinger, .

ENVIRONMENTAL PROTECTION AGENCY TRANSITION ISSUE PAPER
ON FUNDING FOR THE SEWAGE TREATMENT CONSTRUCTION GRANTS PROGRAM

Teansition Issue Paper
Funding lor the Construction Grants Program

Issues.

EPA is requesting addjlional-funding authorizalions for
the grants program for consiruciion of municipal
waslewaler trealinenl works todalling §4.5 billion per year
for 10 years, beginning in FY 1977. ' Concurrently,
amendmnenls are proposed io extend the length of ‘the
reallotment period by one year and to change eligible treal-
ment calegories. * The $45 billivn total will supplement (he
18 billion autherized under Public Law $2-500 2nd (he $480
million appropriated for Tille NI of the Public Works
Emplo¥ment Act (P. L. 94-3691. The new avthorizations will
provide sufficienl funding lo salisty the federal share of con-
slruclion needs for those Lreatment works calegorios eligi-
ble for federal granis if the EPA amendiments are adopted.
Qullays for this program resull in about one quarter milion
Jnbs annually, considering both direcl and indirect employ-
menl. .

EPA has projceted a persenne] need for over 400 pew
positions in the regional cltices in FY 1978 for the constric-
lion grants program, and approximately 300 of these
pasitions are needed in FY 1977, The needs prajection is
based on a task-by-task anmalysis of the minimum needs
necessary to operate the program in FY 1978, assuming $4.5
billion would be appropriated starting in FY 1977 and con-
tinued for several years thereafler. Assignments to the con-
struction grants program in FY 1977 pow lotal 907, with 69
in Headgquarters and 838 in the regional offices.

EPA has revised ils request aller recelving the OMB

passback to al least 300 new positions in FY 1878, The.

Novembor OMB passback provided no new positions. The
EPA constructlon granis program under P. L. $2-500 has
never been at full strength. Over 300 new positions are
necessary to just cover the accelerated workload required
under the law from increased obligalion rates and higher
nembers of active projects. The workload resulting from in-
creased management initiaiives (o ensure both program and
fiscal integrily has not boen considered In the basic needs

" .. metliodelogy, although addition of the new poskions will

allow these initialives lo begin. IT no new posilions are
allocated in either FY 1877 or FY 1978 (o cover the greatly
increased program worklnad, the impact on program quality
would be severc. Withuul new resources bieyond the level
required for routine processing, the potenlial for major
frregularity remains extremely high,

1. Cirrent Program Status — Consirnction Grants
Program. '

Funding {or pew grants is now avaitable from two sources:
$18 billion in P. L. 92-500 contrael authorily funds and $480

* The original EPA request to DMB was for 85 billion g‘er year for
Len years, slarl.iny[; in FY' 1977, EPA revised Uy request based on Lhe
Nevemher budgel passback. ’

! The flve consirijelipn granis amendments are being proposed In
an anthorization package to be sen? lo Cangress through OMB In
January 1977. See Table 1.

million appropriated by P, L, 84-447 for P. L. 94-359. The
coniracl autherity funds were allotted o the Slates In four
segments ~- $2 billion in F'Y 1973; $1 billion in FY 1874: $4
billion in FY 1B75; and, $6 billon in Y 1976. The funds are
currently available to the stales for one year after the end of
the fiseal year for which they are alieted. The uncbligated
halances al the end of the allotment perlod are subject to
reallotment to the remaining states. The funds available un-

. der P.L, 54-369 are to remaln available ubtll expended, P. L.

94-369 funds were released to the states for obligation on
November 19, 1976, and ‘only small amoonts have beex

_-obligated to date,

As of October 31, 1976, $11.5 biliion has been obligated
frem contracl authority funds and $3.8 hillion has been ex-
pended. Tables II and IIT present the obligations and outlays
by-stnte. About 90% of the obligations have been for con.
struction profecls, with the remainder divided among
preliminary planning and design work,

Of the 7,600 currently aclive P. L. 92-500 projects, ap-
proximalely 4,300 are in Lhe facilities planning stage, 1,000
are wnder design, and 2,300 have received construction
awards. An additional 1,200 projecis, totalling $4.0 bDYon in
grants, still remain aclive from funds awarded under laws
prior to P. L. 92-500.

2. Reimbursable Gronts,

Total claims for reimbursément under Section 206(a) as
of Jameary 31, 1874, including disputed claims, are 32,668
million on approximately 5,100 projects. Funding currently
approprialed to cover these claims lotals $2,100 million and
the tolal cumulalive reimbursement to each project will be
78,77 of Lhe amount claimed. In order for EPA 0 award the
remalning $568B inlillion in eligible relmbursable claims; an
additionai $6B million would have te he authorized and an ad-
didional $568 million would have to be appropriated.

EPA requested 5200 milllon in the FY 1978 budget to reim-
burse projects eligible under Section 206(a) of P, L. 92-560,
The additional $200 sillion would raise the, percentage
awarded fo each project to over 85%. The $200 miillon EPA
requesi was nol included in the FY 1978 budget passback
from OMB,

3. State"F'Y 1976 Funding Problems.

Eleven slates are projected fe run out of currently
avallable funds somelime before the last month of FY 1977,
Eight olher stales are now expecled to lose money if the
reatloinient dale for the FY 1976 allotment is niot extended,

4. Total Needs for Construction Grants.

Enaclinent of the proposed amendments reduces the
Federal share of needs to spproximately $45 to $55 billion.
The 10 year funding request is based on Incomplete FY 1976
Needs Survey figures. More complete figures are expecled
fo be available in January, . .

5. The FY 1978 Construction Grants Budget,

As part of (e mulllyear funding strategy, EFA has re-
quesied new aulhorily in FY 1977 and F'Y 1978 of $4.5 billion
per year. The FY 1977 request will be a supplessental to the
current FY 1977 budget. It assumes enaciment of the
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Comments on Proposed Joelton Compressor Station Air Permit
Conditions and the Reasonably Available Control Technology Analysis
Relied On by Metro Nashville to Justify Its NOy RACT Determination

Bill Powers, P.E., Powers Engineering, San Diego, California
June 15, 2017

This comment letter addresses deficiencies in the draft air permit conditions prepared by
Metropolitan Nashville and Davidson County Health Department, Pollution Control
Division (Metro Nashville) for the two Titan 250 gas turbines currently proposed by the
Tennessee Gas Pipeline Company, LLC, a Kinder Morgan (KM) company, for the
Joelton Compressor Station in Nashville, TN. This comment letter also addresses
deficiencies in the Metro Nashville Reasonably Available Control Technology (RACT)
analysis for nitrogen oxides (NOy) included in the Responses to Comments Document
(RTC).

Shortcomings in the draft permit conditions and suggested corrective actions are
discussed in Section I of these comments. Primary among deficiencies in the draft permit
conditions is the lack of adequate monitoring and reporting requirements to assure
continuous compliance with the air permit NOy limits. Metro Nashville proposes a NOy
limit of 9 ppm (corrected to 1S percent oxygen) when the gas turbine(s) operate between
80 and 100 percent of full capacity, and 15 ppm when the gas turbine(s) operate between
40 and 80 percent of full capacity. Without sufficient monitoring and reporting,
regulators will be unable to verify that the turbines are meeting these tiered emissions
limits. To demonstrate compliance with permit limits, a NO; continuous emission
monitoring systems (CEMS) must be installed on each gas turbine at Joelton.

Section II of these comments discusses deficiencies in Metro Nashville’s RACT
analysis. Selective catalytic reduction (SCR) with a NOy outlet concentration of 2.5 ppm
should have been selected as NO, RACT for the proposed gas turbines. Metro Nashville
uses numerous erroneous inputs to inflate the cost-effectiveness of SCR emissions
control technology to $13, 471/ton in the NO, RACT analysis it includes in the RTC, and
relies on this flawed analysis to incorrectly assert that SCR is cost infeasible for the
Joelton gas turbines. Proper RACT analysis shows that SCR is cost-reasonable for the
Joelton Compressor Station at approximately $4,745/ton of NOy removed.

L THE DRAFT AIR PERMIT CONDITIONS CONTAIN NUMEROUS
DEFICIENCIES, INCLUDING A LACK OF ADEQUATE MONITORING TO
ENSURE THAT THE TURBINES COMPLY WITH NOx LIMITS.

Should EPA determine that the NOy limits proposed by Metro Nashville are adequate,
there are a number of deficiencies in the draft air permit that must be corrected. The
deficiencies in the draft air permit, and recommended corrective action, are listed in
Table 1.
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Table 1. Joelton Draft Air Permit Deficiencies and Recommended Corrective Action

Draft Permit
Condition Deficiency Corrective Action
Number
6 (Table — Mass | High load NOy limit is 9 The annual NO, limit must be
Emission ppm, yet annual NO, based on the high load NOx limit of
Standards) emission limit of 50.0 tpy 9 ppm and must be set at 30 tpy

assumes continuous 15 ppm
limit.

NO,. Permittee can petition for
waiver if annual NO, emission 30
tpy limit is exceeded due to
continuous or near-continuous
operation at less than 80% of
turbine capacity.

6 (Table — Mass

No ppm limits are set for CO

Explicitly state the hourly CO and

Emission or VOC. The hourly VOC ppm limits in the air permit.
Standards) emission limits imply the CO

limit is 25 ppm and the VOC

limit is 5 ppm (as CH,).

7 Logging of daily fuel flow is | Log hourly fuel flow on each
insufficient. Emission turbine. Report hourly fuel flow.
standard is hourly, Identity in permit hourly fuel flow

that represents 80% of gas turbine
capacity.

12(d) A NOy continuous emissions | Require use of NO, CEM on each
monitor (CEM) is not turbine, identified as a monitoring
required on each turbine, alternative in 12(d), Report hourly

average NO, level.

12(5) No initial compliance testing | Require initial compliance testing
is required for CO or VOC. | for CO and VOC, both below and

above 80% gas turbine capacity
level. Monitor and report exhaust
gas temperature during compliance
testing.

None There is no statement that the | State that the gas turbines will
Titan 250s will utilize utilize oxidation catalyst for CO
oxidation catalyst for CO and | and VOC control.

VOC control.
None No continuous monitoring of | A. Identify minimum exhaust gas

exhaust gas temperature is
required to confirm oxidation
catalyst is functional.

temperature at which oxidation
catalyst is fully operational.

B. Require monitoring of exhaust
gas temperature and report hourly
average of exhaust gas temperature
in quarterly excess emissions
report.
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Metro Nashville must address these issues before the permit is issued. Given the
proposed NO, emission permit conditions, requiring continuous emissions monitoring is
especially important. This issue is discussed in more detail below.

A. A continuous emission monitoring system is necessary to demonstrate that
the NO, limit is achieved.

The unusual tiered NO, permit limits proposed by Metro Nashville in the draft permit
necessitate continuous monitoring to ensure continuous compliance with permit
conditions. Metro Nashville proposes a NOy limit of 9 ppm (corrected to 15 percent
oxygen) when the gas turbine(s) operate between 80 and 100 percent of full capacity,
and 15 ppm when the gas turbine(s) operate between 40 and 80 percent of full capacity.
The capacity level will be determined by the fuel flowrate. No monitoring of exhaust gas
temperature is proposed to assure the oxidation catalyst that will be installed on the gas
turbine(s) to control CO and VOC emissions is fully operational. No continuous NOy
monitoring is proposed to determine whether or not the turbine(s) is achieving a 9 ppm
NO, limit when it is operating at or above 80 percent of full capacity.

Numerous gas turbines in compressor applications around the country utilize NO, CEMS
to continuously monitor NOy emissions. Examples of gas turbines in compressor

applications that utilize NO; CEMS are provided in Table 2.

Table 2. Examples of gas turbines in compressor applications with NO, CEMS

Name State Turbine type Unmanned NO, CEMS
(Y/N)? (Y/N)?
Seligman’ AZ Frame 5 Y Y
Armagh” PA GE Frame 5 Y Y
Leesburg’ VA Taurus 60 Y Y
Cove Point” MD Frame 7 N Y

! Arizona Department of Environmental Quality, Technical Review and Evaluation, Air Quality Permit No. |
48823 El Paso Natural Gas Company Seligman Compressor Station, April 25, 2011, p. 2. |
2 Pennsylvania Department of Environmental Protection, Memorandum — Review of Application for |
Synthetic Minor Permit, Texas Eastern Armagh Compressor Station, New Florence, PA, May 15, 2007.
See: http://gasp-pgh.org/wp-content/uploads/OP-32-00230-Review-Memo.pdf. NO, and CO CEMS were
operated for five years to demonstrate dry low NO, combustion-equipped gas turbine could meet NO, and
CO permit limits.

* Virginia Department of Environmental Quality Northern Regional Office, Statement of Legal and Factual
Basis, Dominion Transmission, Inc. Leesburg Compressor Station, Loudoun County, Virginia Permit No.
NRO71978, June 2015, p. 6. “A continuous emissions monitoring system (CEMS) replaced the parametric
monitoring initially used to monitor NO, emissions. The NO, CEMS data shall be used to determine
compliance with the NOx limits in Condition 4. Malfunction of the CEMS may be grounds for DEQ to
request stack testing to demonstrate compliance.”

* Maryland Public Service Commission, ORDER NO. 86372 - CASE No. 9318, Dominion Cove Point LNG
LP for a Certificate of Public Convenience and Necessity fo Construct a Generating Station with a Name-
Plate Capacity of 130 MW, May 30, 2014, Table A-1, p. A-37.
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The Armagh Compressor Station NOy CEMS was specifically installed and operated
from 2002 to 2007 due to uncertainty over whether the dry low NOy combustion system
could achieve NOy emission limits.”> The situation at Joelton is analogous. Without
continuous monitoring, the facility cannot demonstrate when the turbines achieve the 9
ppm NOy limit. Continuous monitoring is necessary to demonstrate that the NO, limit is
achieved as load on the gas turbine increases beyond 80 percent. If continnous NO,
monitoring demonstrates that the Joelton gas turbines actually achicves the 9 ppm limit at
lower load than Solar Turbines, Inc. is currently willing to warranty, the air permit should
be modified to accurately reflect the capabilities of the NO, control systems on the
Joelton gas turbines.

II. SELECTIVE CATALYTIC REDUCTION IS COST-REASONABLE FOR
THE JOELTON GAS TURBINES AT APPROXIMATELY $4,745/TON OF
NOx REMOVED.

Metro Nashville should have selected SCR with a NOx outlet concentration of 2.5 ppm
as NOx RACT for the turbines. Instead, Metro Nashville uses numerous etroneous inputs
to inflate the cost-effectiveness of SCR and relies on this flawed analysis to incorrectly
assert that SCR is cost infeasible for the Joelton gas turbines. Proper RACT analysis
shows that SCR is cost-reasonable for the Joelton Compressor Station.

A. A proper cost estimate for SCR on an equivalently sized turbine to those
proposed at Joelton Compressor Station would reference independently
obtained vendor quotations, as demonstrated by EPA.

The Metro Nashville RACT evaluation included in the Metro Response to Comments
(RTC) Document: 1) ignored current RACT NOy cost ceilings as high as $5,500/ton
other states and instead relied on a quarter-century old EPA RACT cost-effectiveness
memo — based on NO, RACT for utility boilers — to assert SCR was not cost feasible in
this application, and 2) inflated inputs to the SCR cost-effectiveness calculation despite
having full access to EPA-developed SCR cost-effectiveness inputs provided by SELC to
Metro Nashville in January 2017. A proper analysis indicates that SCR with a NO, outlet
concentration of 2.5 ppm should have been selected as NOy RACT for the proposed gas
turbines.

The Titan 250 gas turbine is manufactured by Solar Turbines, Inc. (San Diego) and is the
largest gas turbine made by the company. All other medium and large gas turbine models
made by the company, including the Titan 130, Mars 100, and Taurus 60 and 70, are
guaranteed by Solar Turbines across their entire operating range at 9 ppm NO,. All of
these models are also being permitted with SCR at compressor stations to further reduce
NO, emissions.

According to the Metro Nashville RACT analysis included in the RTC, the Titan 250s to
be used at Joelton will only achieve the 9 ppm NOy limit about 3 months of the year, or

* Pennsylvania Department of Environmental Protection, Memorandum — Review of Application for
Synthetic Minor Permit, Texas Eastern Armagh Compressor Station, New Florence, PA, May 15, 2007.
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25 percent of the time.® The relatively poor NO, control performance of the Titan 250,
when compared to other smaller models of Solar Turbines, Inc. gas turbines planned for
use at other new compressor stations in nearby states, underscores the need to identify
SCR as NO, RACT to adequately control NOx emissions from the Joelton gas turbines.

The specification of SCR for NOy control on gas turbines at proposed natural gas
compressor stations is a common practice. All eleven compressor drive gas turbines,
including the Titan 130 gas turbine, included in the proposed Atlantic Coast Pipeline
(ACP) will utilize SCR for NO, control.” The three compressor stations where these
SCR-equipped gas turbines will be installed — sited in in West Virginia, Virginia, and
North Carolina - will be located in attainment areas,® will not be Title V major sources,’
and are therefore not subject to RACT. These compressor stations will be unmanned. 10
The erroneously high NOj control cost-effectiveness value presented by Metro Nashville
for SCR in the RTC is belied by the fact that SCR has been selected as the gas turbine
NOy control method at several proposed compressor stations in attainment areas in the
same region of the country as the Joelton Compressor Station.

Metro Nashville’s NO, RACT evaluation overlooked relevant SCR cost data developed
by the EPA. The EPA published in March 2015 a cost estimate for SCR, oxidation
catalyst (OxCat), and continuous emission monitors for a 21.7 MW gas turbine in
combined heat and power (CHP) service.!! The heat input and exhaust gas flowrate
assumed by EPA for the 21.7 MW turbine match those of the Titan 250. 12,13

The EPA cost estimate for SCR is based on multiple vendor quotations.'® The EPA relied
on vendor quotations in its March 2015 CHP document to estimate a total installed cost

S RTC, RACT Analysis, p. 6: “If we conservatively assume the turbine will operate in the 9 ppm range for

3 months of the year and the 15 ppm range for 9 months of the year...”

7 Atlantic Coast Pipeline, LLC, Dominion Transmission, Inc. Supply Header Project, FERC Docket No.

CP15-554-000 , Resource Report 9 Air and Noise Quality, September 20135, p. 9-24. See Attachment A.

® Ibid, p. 9-12.

? Ibid, p. 9-28.

Y Farmville (VA) Herald, No action taken on permit: Subcommittee created to look at station conditions,

October 25, 2016: hitp://www . farmvilleherald,com/2016/10/no-action-taken-on-permit-subcommitiee-

created-to-look-at-station-conditions/. “Kevin Zink, Dominion’s director of operations for compressor

stations and pipelines . . said the station (Buckingham Compressor Station) would use its own microwave

communications system, using towets, to remote control the facility from another location, he said, with

nine full-time positions. . . Zink said Dominion has many unmanned facilities.” Powers Engineering

assumes each of the three compressor stations will be operated in the same manner as Buckingham

Compressor Station (Compressor Station No. 2).

1" BPA Combined Heat and Power Partnership, Catalog of CHP Technologies - Section 3, Technology

Characterization — Combustion Turbines, March 2015, p. 3-15:

hitps://www.epa.gov/sites/production/files/2015-

07/documents/catalog_of chp_technologies section_3. technology characterization -
combustion_turbines.pdf.

2 1bid, Table 3-2, p. 3-6 and p. 3-7.

B3 Solar Turbines, Inc, Industrial Gas Turbine Product Line and Performance (brochure), 2016, p, 2, Titan

250 exhaust mass flow: 541,400 Ib/hr. Titan 250 fuel heat input: lower heating value (LHV) 190.8

MMBtu/hr (estimated higher heating value = 1.1 x LHV = 210 MMBtu/hr).

Y EPA Combined Heat and Power Partnership, Catalog of CHP Technologies - Section 3. Technology

Characterization — Combustion Turbines, March 2015, Table 3-5, p. 3-14, footnote 53.
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of an SCR/oxidation catalyst/continuous emissions monitor package for the Titan 250 gas
turbine of approximately $2,400,000." This is approximately one-half the $4.7 million
installed capital cost (per turbine) estimated by Metro Nashville for the Joelton gas
turbines in its NOy RACT analysis,

The cost of the OxCat in the EPA cost estimate must be deducted to determine the cost of
the SCR alone. The installed capital cost of the OxCat component of this control package
is approximately $400,000 according to Solar Turbines, Inc.'® When the $400,000 cost of
the OxCat is deducted, the all-in cost for the SCR and continuous emission monitors is
about $2,000,000. The only difference in the SCR design for a Titan 250 in a CHP
application and a Titan 250 in a pipeline compressor application like Joelton is the
addition of a low-cost tempering air fan in the compressor-drive application to maintain
the exhaust gas temperature within the normal operating range of a standard SCR
catalyst.'”

The EPA capital cost estimate includes the installed cost of the continuous emissions
monitoring package for the gas turbine. The cost of a NOy and carbon monoxide (CO)
CEMS package is estimated at $250,000 for the two Joelton gas turbines based on an
actual project consisting of two Solar Taurus turbines in Southern California.'® When the
installed cost of continuous emissions monitoring package is excluded, at an assumed
installed cost of $125,000 per turbine, the total installed cost of the SCR estimated by
EPA is $1.88 million. The $4.7 million installed capital cost (per turbine) estimated by
Metro Nashville for SCR on the Joelton gas turbines in its NOx RACT analysis is about
two-and-a-half times the $1.88 miflion SCR installed capital cost estimated by the EPA
for the same turbine capacity.

B. Metro Nashville’s erroneous SCR cost assumptions drive its highly
inflated SCR cost-effectiveness estimate.

Metro Nashville inflates several critical inputs to the SCR cost-effectiveness calculation
in its NO, RACT analysis. Metro Nashville relied on the SCR vendor (Peerless-Aarding)
identified by Solar Turbines, Inc. to provide inputs to the NO, cost-effectiveness
calculation instead of conducting an independent review of SCR cost inputs. An

3 Ibid, Table 3-5, p. 3-14, Equipment cost of SCR/OxCat/CEM, 21.7 MW turbine, 90% NOx control from
15 ppm to 1.5 ppm = $1,516,400. Ratio of CHP total installed cost to equipment cost = $30,879,300 =
$19,397,900 = 1.59. Therefore, total installed cost of SCR/OxCat/CEM = 1.59 = $1,512,400 = $2,404,716.
See Attachment B,

' Telephone communication between B. Powers/Powers Engineering and J. Belmont/Solar Turbines, Tnc.
(Pittsburg office), July 12, 2016.

1" B-mail communication between B. Powers/Powers Engineering and J. Harber/AHM Associates {Peerless
Manufacturing representative), June 24, 2014. '® E-mail communication between B. Powers/Powers
Engineering and Q. Giuseppe/Syska Hennessy {CHP plant design firm) regarding installed cost of NO,/CO
continuous monitoring systems on two 5.8 MW Solar Taurus gas turbines, County of Orange Government
Center, Santa Ana, California, December 3, 2016.

'® E-mail communication between B. Powers/Powers Engineering and Q. Giuseppe/Syska Hennessy (CHP
plant design firm) regarding installed cost of NQ,/CO continucus menitoring systems on two 5.8 MW
Solar Taurus gas turbines, County of Orange Government Center, Santa Ana, California, December 5,
2016,
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independent review would have made clear that the gas turbine manufacturer’s provider
of inputs to the SCR cost-effectiveness calculation was providing inputs that resulted in
an erroneously high NO, control cost-effectiveness value for SCR.

EPA has developed two recent evaluations of the cost of SCR, the March 2015 evaluation
of gas turbines in CHP applications and the July 2016 SCR chapter of the 7% Edition
Control Cost Manual. The discrepancies between EPA 2015 and 2016 SCR cost
assumptions and the assumptions used by Metro Nashville in its RTC NO, RACT
analysis are listed in Table 3. The magnitude of the cost inflation by Metro Nashville is
described in the right-hand column of Table 3.

Table 3. Discrepancies between EPA 2015 CHP Plant Cost and 2016 Control Cost

Manual 7" Edition, SCR,"” and Metro Nashville SCR control cost-effectiveness

calculations
] Magnitude of cost
Element EPA basis Metro Nashville | a2t o by Metro
basis Nashville
Capital cost $1.88 million $4.7 million (SCR 2.5x higher capital
(EPA March 2015 cost calculation cost of SCR
SCR in 21.7MW developed by Metro
CHP application, ‘Nashville consultant
SCR only). using inputs from
SCR vendor
preferred by Titan
250 manufacturer.)
Capital recovery 7% interest, 30 8% interest, 20 26% higher
factor (CRF) years. CRF = years. CRF = annualized capital
0.0806 (.10165 cost of SCR.
(7" Ed., SCR, p.2-80)
SCR catalyst cost | $160/ft° $400/ft° 2.5x higher SCR
(7" Ed., SCR, p.2-80) catalyst cost.
SCR catalyst life 40,000 hours (5 3 years. CRF at 8% | 40% shorter catalyst
years) in gas-fired | interest = 0.388 life.
service.”’ CRF at
7% interest, 5 years
=0.244.(7"Ed.,
SCR, p.2-75)
Annual catalyst $25,415 fyr $101,044/yr 4x higher catalyst
replacement cost (’/‘lh Ed., SCR, p.2-80) replacement cost

¥ See 7" Edition, Chapter 2: Selective Catalytic Reduction, May 2016:
https://www3.epa.govitin/ecas/docs/SCRCostManualchapter7thEdition_2016,pdf,

A EpA 7" Edition, SCR, p. 2-75. “For oil- and gas-fired units, the SCR catalyst life is assumed to be
40,000 hours, and the catalyst life for some gas-fired units has been reported to be up to 60,000 hours.”
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SCR NO, 90% 80% EPA assumes
reduction (EPA, March 2015, additional 8.4 tpy of
CHP, p. 3-18) NO, removed by SCR

C. Using EPA assumptions and omitting Metro Nashville’s erroneous
assumptions shows that Metro overestimates the NO, cost-effectiveness of
SCR on the Joelton gas turbines by a factor of three.

Substituting accurate and current EPA assumptions for Metro Nashville’s inflated
assumptions demonstrates that the actual NO, cost-effectiveness of SCR on the Joelton
gas turbines is under $5,000/ton. The actual cost-effectiveness of SCR on the Joelton gas
turbines is approximately one-third the NOy control cost-effectiveness presented in Metro
Nashville’s RTC.

For example, Metro Nashville’s analysis erroneously assumes that staff must be onsite at
the Joelton facility solely to operate the SCR. However, SCR can be operated remotely at
unmanned compressor stations using supervisory control and data acquisition (SCADA)
technology.”' Metro Nashville’s assumption regarding staffing results in Metro Nashville
applying an unsupported operating labor cost solely to support of the operation of SCR
on the Joelton gas turbines. At a minimum, the only unique SCR parameter that must be
remotely monitored is the ammonia reagent injection rate, Monitoring of this one
parameter does not require onsite personnel. No operating cost should be assigned by
Metro to SCR use at Joelton.

The effect of the correction of cost inputs to the Metro Nashville calculation of SCR cost-
effectiveness for the Titan 250 gas turbines at Joelton is shown in Attachment C.

Use of accurate SCR cost inputs results in a SCR NOy control cost-effectivencss of
$4,745/ton, not the $13,471/ton presented by Metro Nashville. Metro Nashville
overestimates the NO, cost-effectiveness of SCR on the Joelton gas turbines by a factor
of three in its RACT analysis included in the RTC.

Numerous states have established NOy RACT cost-effectiveness ceilings. A SCR NO,
control cost-effectiveness of $4,745/ton is under the NO, RACT cost-effectiveness
ceiling of $5,000/ton to $5,500/ton applied in Maryland, Ohio, and New York.”> Metro

* Ozone Transport Commission, Technical Information:

Oil and Gas Sector Significant Stationary Sources of NO, Emissions - Final, October 17, 2012, p. 26.
“Another stated (industry) issue is that many compressor facilities are unmanned and that SCR installations
have not been demonstrated in unmanned facilities. Other industry information indicates that while it may
be true that there are currently few SCRs in unmanned facilities, with modern software based controls and
supervisory control and data acquisition (SCADA) type commaunication technologies there does not appear
to be any technical barrier to operating the SCR related controls and auxiliaries successfully from a remote
location.”

* Powers Engineering, Review of Reasonableness of NOx Emission Limits Jor Two Titan Turbines at
Proposed Joefton, Tennessee Compressor Station, prepared for Southern Environmental Law Center,
August 1, 2016, Table 8, p. 13. See RTC Document, pdf p. 488.
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Nashville has a comprehensive technical and regulatory basis, as described in this
comment letter, to establish SCR as NO, RACT for the Joelton gas turbines.

HI. CONCLUSION.

Should EPA concur with the proposed NOy limit of 9 ppm when the gas turbine(s)
operate between 80 and 100 percent of full capacity, and 15 ppm when the gas turbine(s)
operate between 40 and 80 percent of full capacity, the permit must address numerous
deficiencies in the draft permit conditions. Principal among these additional requirements
is the need for a NOy CEMS on each gas turbine. Numerous unmanned compressor
stations utilize NO, CEMS on gas turbines. A NO, CEMS is necessary to demonstrate
compliance with the proposed NOy limit, which can vary continuously depending on fuel
flow and which cannot be verified solely by monitoring fuel flow.

However, the Metro Nashville draft air permit should have identified SCR as cost-
reasonable NO, RACT for the Joelton gas turbines. The NOy cost-effectiveness of SCR
is below the NO, RACT cost-effectiveness ceiling established in several other states,
including Maryland, Ohio, and New York. SCR with a NOy outlet concentration of 2.5
ppm would be cost-effective and more protective than the current proposed NOy limit.

Appendix Il
Page 883




Attachments

Appendix Il
Page 884



Attachment A

fétanticl  ATLANTIC COAST PIPELINE, LLC
. @@’E@g‘é ATLANTIC COAST PIPELINE
Pipelinel.  pocket Nos. CP15- -000

CP15-___-000

- CP15-___-000

and

DOMINION TRANSMISSION, INC.
SUPPLY HEADER PROJECT
Docket No. CP15- -000

Resource Report 9
Air and Noise Quality

Final

an ERM Group company
September 2015
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Attachment A
Resource Report 9 Air and Noise Quality

used only as emergency use engines. The emissions limits specified in Subpart JJJJ for
emergency spark ignition engines greater than 130 hp for NOx, CO, and VOC are 2.0, 4.0, and
1.0 grams per hp-hour, respectively. Both engines have emissions guarantees that are at or
below these limits.

All auxiliary generators at the ACP and SHP stations will be subject to NSPS notification
and recordkeeping requirements, including records of notifications, maintenance, and
documentation that the engines are certified to meet applicable emissions standards. If the
engines are not certified by the manufacturer, then additional recordkeeping requirements apply.

Subpart KKKK — Standards of Performance for Stationary Gas Turbines

NSPS 40 CFR Part 60 Subpart KKKK regulates stationary combustion turbines with a
heat input rating of 10 MMBtu/hr or greater that commence construction, modification, or
reconstruction after February 18, 2005, Subpart KKKK limits emissions of NOy as well as the
sulfur content of fuel that is combusted from subject units.

The proposed Selar combustion turbines will be subject to the requirements of this
subpart. Subpart KKKK specifies several subcategories of turbines, each with different NOx
emissions limitations. All proposed turbines, except the Solar Centaur 40 turbine, fall within the
“medium sized” (>50MMBtu/hr, < 850 MMBtu/hr) category for natural gas turbines. The Solar
Centaur 40 turbine falls within the “small sized, mechanical drive” (< 50 MMBtu/hr) category
for natural gas turbines. “Medium sized” turbines must meet a NOx limitation of 25 parts per
million by volume (ppmv} at 15 percent oxygen (O,), and “small sized, mechanical drive”
turbines must meet a NOx limitation of 100 ppmv at 15 percent O, under the requirements of
Subpart KKKK and will minimize emissions consistent with good air pollution control practices
during startup, shutdown and malfunction.

Solar provides an emissions guarantee of 9 parts per million volume dry (ppmvd) NOx at
15 percent O for SoLoNOx equipped units, except for the Solar Centaur 40 equipped with
SoLoNOx, which has an emissions guarantee of 25 ppmvd NOx at 15 percent O,. These
guarantees apply at all times except during periods of start-up and shutdown and periods with
ambient temperatures below 0°F. In addition, SCR will be installed to lower emissions for ail
turbines installed at the new ACP compressor Stations to further reduce NOx emissions to
5 ppmvd at 15 percent Oa, except during periods of start-up and shutdown and periods with
ambient temperatures below 0°F.

The ACP and SHP compressor stations plan to conduct stack tests for NOyx emissions to
demonstrate compliance with the Subpart KKKK emissions limits.

The NSPS Subpart KKKK emission standard for SO, is the same for all turbines,
regardless of size and fuel type. All new turbines are required to meet an emission limit of
110 nanogram per joule (ng/J) (0.90 pounds [lbs]/megawatt-hr) or a sulfur limit for the fuel
combusted of 0.06 Ibs/MMBtu. The utilization of natural gas as fuel ensures compliance with
the SO, standard due to the low sulfur content of pipeline quality natural gas.

9-24
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Table 3-5. Estimated Capital Cost for Representative Gas Turbine CHP Systems53

Nominal Turbine

Attachment B

Project/Construction

Caacity (kW) 3,510 7,520 10,680 21,730 45,607
:\ﬁi;’ ower Output 3,304 7,038 9,950 20,336 44,488
Equment i

Combustion Turbines | $2,869,400 $4,646,000 $7,084,400 | $12,242,500 | $23,164,910
Electrical Equipment | $1,051,600 41,208,200 $1,304,100 $1,490,300 31,785,000
Fuel System $750,400 $943,000 $1,177,300 $1,708,200 $3,675,000
g:zifaii?‘;er ySteam | «or9 500 $860,500 $1,081,000 41,807,100 $3,150,000
SCR, CO, and CEMS $688,700 $943,200 $983,500 $1,516,400 $2,625,000
Building 438,500 $395,900 $584,600 $633,400 $735,000
Total Equipment $6,528,100 $8,996,800 | $12,214,900 | $19,397,900 | $35,134,910
Construction $2,204,000 $2,931,400 $3,013,700 $6,002,200 | $10,248,400
Total Installed Capital | $8,732,100 | $11,928200 | $16,128,600

525,400,100

545,383,310

$238,500

$322,100

$432,700

Management $678,100 $802,700 51,011,600 $1,350,900 52,306,600
Shipping $137,600 $186,900 $251,300 $394,500 $674,300
Development Fees $652,800 $899,700 $1,221,500 $1,939,800 53,312,100
Project Contingency $400,700 $496,000 $618,500 $894,200 51,526,800
Project Financing

$899,400

$2,303,500

[Total instaled Cos

Total Plant Cost

$10,835,800

$14,635,600

519,664,200

$30,879,300

$55,506,610

installed Cost, $/kW

$3,281

52,080

$1,976

$1,518

51,248

Source: Compiled by ICF from vendor-supplied data.

3.4.6 Maintenance

Non-fuel operation and maintenance (O&M) costs are presented in Table 3-6. These costs are based on
gas turbine manufacturer estimates for service contracts, which consist of routine inspections and
scheduled overhauls of the turbine generator set. Routine maintenance practices include on-line
running maintenance, predictive maintenance, plotting trends, performance testing, fuel consumption,
heat rate, vibration analysis, and preventive maintenance procedures. The O&M costs presented in
Table 3-6 include operating labor (distinguished between unmanned and 24 hour manned facilities) and
total maintenance costs, including routine inspections and procedures and major overhauls.

* Combustion turbine costs are based an published specifications and package prices. Installation estimates are based on

vendor cost estimation models and developer-supplied information.

Catalog of CHP Technologies
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Attachment B

Table 3-8. Gas Turbine Emissions Characteristics

Electricity Capacity (kW) 3,304 7,038 9,950 20,336 44,488
Electrical Efficiency (HHV) 24.0% 28 27.3% 33.3% 36.0%
ons Batare : ——— —_— s —

NO, {ppm)

NO, {Ib/MWh) 131 0.65 0.69 0.57 0.52
CO (ppmv} 50 25 25 25 25
CO {lb/MWHh) 1.60 0.66 0.70 0.58 0.53
NMHC (ppm) 5 5 5 5 5
NMHC (Ib/MWh}) 0.08 0.08 0.08 0.07

NO, {ppm)

NO, {Ib/MWh]) 0.08 0.05 0.05 0.05 0.05

CO (ppmv) 5.0 2.5 2.5 2.5 2.5

CO {lb/MWh} 0.11 0.05 0.05 0.05 0.05

NMHC {ppm) 4.3 4.3 4.3 43 2.0

NMHC {Ib/MWh}) 0.08 0.06 0.07 0.06 0.02

Generation CO, (lh/MWh} 1,667 1,381 1,460 1,201 1,110

Net CO, with CHP {Ib/MWh) 797 666 691 041 654

Source: Compiled by ICF from vendor supplied data, includes heat recovery

Table 3-8 also shows the net CO, emissions after credit is taken for avoided natural gas boiler fuel. The
net CO, emissions range from 641-797 Ibs/MWh. A natural gas combined cycle power plant might have
emissions in the 800-900 Ib/MWh range whereas a coal power plant’s CO; emissions would be over
2000 Ib/MWh. Natural gas fired CHP from gas turbines provides savings against both alternatives.

3.5.2 Emissions Control Options

Emissions control technology for gas turbines has advanced dramatically over the last 20 years in
response to technology forcing requirements that have continually lowered the acceptable emissions
levels for nitrogen oxides (NO,), carbon monoxide (CO), and volatile organic compounds (VOCs). When
burning fuels other than natural gas, pollutants such as oxides of sulfur (SO,) and particulate matter
(PM) can be an issue. In general, SO, emissions are greater when heavy oils are fired in the turbine. 50y
control is generally addressed by the type of fuel purchased, than by the gas turbine technology.
Particulate matter is a marginally significant pollutant for gas turbines using liquid fuels. Ash and metallic
additives in the fuel may contribute to PM in the exhaust.

A number of control options can be used to control emissions. Below are descriptions of these options.

Catalog of CHP Technologies
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Attachment C

RACT Analysis
Titan 250 Gas Turbine (NOx = 25 ppm} with SCR

Capital Cost Estimate
NOy Control
Basls: OAQPS Cost Control Manual (Sixth Ed.), USEPA Air Pollution Control Fact Sheets

Direct Costs Source
Purchased Equipment Cost 0 Manufacturer - Peerless
Anclllary Equipment Cost (User (nput)

Manufacturer - Peerless

Equipment Cost A" $ 2,455,000
instrumentation {0.10*A) $ 245,500 OAQPS {6th), Sectioh 1, Chapter 2, Table 2.4
Sales Taxes (D.03*A) 3 73,650 DAQPS {6th), Section 1, Chapter 2, Table 2,4
Fralght (0.05*A} B 122,750 OAQPS (6th}, Sectlon 1, Chapter 2, Table 2.4
Purchased Equipment Cost "B" $ 2,896,900
Direct Instailation Costs
Foundation & Supports {0,08%B} $ 231,752 OAGPS [6th), Incinerator or Adsarber
Handling & Erection {(0.14*B) 5 405,566 CAGPS {6th), Incinerator ar Adsorber
Electrical (0.04*B) $ 115,876 OAQPS {6th), Incinerator or Adsorber
Ploing, Ductwork & Installation {0,02*B} s 57,938 OAQPS {6th}), incinerator or Adsorber
insulation for Ductwork (0.01*8) % 28,969 OAQPS {6th}, inclnezator or Adsorher
Painting (.01*B) S 28,969 OAQPS {6th}, incinerator or Adsorber
Direct stallation Subtotal s 865,070

Site Preparation (User Input)
Facliitles & Buildings (User Input) . i
Total Direct Cost $ 3,765,970

Indlrect Cost
Englneering {0.10*B) 5 289,650 OAQPS (6th), General Accepted
Construction & Field Expenses (0.05*B) 5 144,845 QAQPS {6th}, incinerator or Adserber
Contractar Fees [0.10*B) S 285,690 OAQPS (6th), Generally Accepted
Start-up (0.02*B} $ 57,938 OAQPS (6th], Incinerator or Adsorber
Performance Test (D,01*B} 28,96% OAQPS (6th), Generally Accepted
Contingencies (0.03*B) k: 86,907 OAQPS (6th), Generally Accepted
Total Indirect Cost $ 898,039
Total Capital | {EPA, March 2015, SCR TCI 21.7 MW gas turbine | § 4.:664,009 |$1,880,000 l
Direct Annual Costs
_Operating Labor hrfshift shift/day day/yr S/hr S .
Junmanned Opsrator 0.5 3 365 30 ] 16435 30 |s {6th}, Section 1.2, Paragraph 2.5.5.2
Supenyisor{15% ef-OpsratarCast) $0 15 (6th), Section 1.2, Paragraph 2.5,5,2
T station Operating Materlals a
Maintenance Labor 0.5 3 365 30 16,425 DAQPS (6th), Section 1,2, Paragraph 2.5.5.2
Maintenance Materials 100% of Malntenance Labor s 16,425 OAQPS (eth), Section 1.2, Paragraph 2.5.5.3
Replacement Labor [Z |
Parts Cost
Utllitles
NG Usage {(mmcf/yr)
Fuel Cost ($/yr) Based on $4.85/1000 cf
Electricity Usage {kwhr/yr)
Electrlcity Cost {$/yr) Based on 0.0555/KW-hr
Catalyst Costs —
Catalyst Life (yrs} 5 Manufacturer—Pearless |EPA Tih Ed.
Enterest Rate {%6) - {7% | 2577 Capital Recovery Assumed ) Control Cost l—
Catalyst Replace: assume 30 ft*catalyst per MW, $400/%% |$160/1L3, EPA 7th EQ. | 1925 415 | 101,044 Menufacturer~Feerless |0 10! CO8

Catalyst Dispose: $15/ft>* 30 ft° catalyst
Ammonia ($/ton):
Ammeonia Rate (lb/hr}
NH;inject skid {blower, kw):

r MW $ 3,789 Manufacturer - Peerless
{ {1:1 Molar Ratio) $ 10,658 Manufacturer - Peerless

Manufacturer - Peerless
4 4 33,264 Manufacturer - Peerless

(NHa/H;0 pump, kw):

Total Divect Costs |$1 10,976 | 205494
Indivect Annual Costs e
Overhead {60% of total laber & materlals) 12 19,710 S 31,043 OAQPS (6th], Section 1.2, Paragraph 2.5.5,7
Adminlstrative (0.02*Total Capital Investmant) $75,200, s 93,280 0AQPS (6th), Section 1.2, Paragraph 2.5.5.8
Property Tax (0.01*Total Capital investment} | - S 46,640 0AQPS (6th), Secticn 1.2, Paragraph 2.5.5.8
Insurance {0.01*Total Capital Investment} 17%, 30 year life = 0.0806, FPA 7th Ed. | 04 % TC| =10 oAcrs (6th), Section 1.2, Paragraph 2.5.5.8
_Capital Recovery {based upon 8%-&-20 year life: factor = 0,10165) $151,5628 S 474,092 Assumed B%.-and-20 year life

Total Indlrect Annual Cost $246,438 |5 694,700

e
Total Annual Operating Cost= gozaeg 9307 414 |

NO, Remaved ton/yr 66.60175,3]
Cost Efficency {$/tonremoved) $ 1347438 {44 744

ey
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The Siting of New Proposed Nitrogen Oxide (NOx) Emission Sources
in the Greater Nashville Region and Implications for Ozone NAAQS Compliance

by: D. Howard Gebhart
Air Resource Specialists, Inc.
Fort Collins, CO

Introduction and Background

The Nashville/Davidson County Metro Public Health Department, Division of
Air Pollution Control (Metro) is currently considering permit applications for two large natural
gas pipeline compressor stations to operate in Davidson County, Tennessee. One station,
proposed by Tennessee Gas Pipeline (Joelton Compressor Station), would utilize new
combustion turbines totaling 60,000 horsepower and a second station, proposed by Columbia
Gulf Transmission (Cane Ridge Compresser Station), would utilize new combustion turbines
totaling 41,000 horsepower. Combustion turbines are significant emitters of nitrogen oxides
(NOx), a precursor to formation of ozone in the atmosphere.

The greater Nashville area is currenily in compliance with the National Ambient Air
Quality Standards (NAAQS) for ozone, although the margin of compliance is small. The
NAAQS as defined by the U.S. Environmental Protection Agency (EPA) s 0.070 parts per
million (ppm), defined as the annual fourth highest daily maximum 8-hour average concentration
averaged over three years,' Using the Hendersonville, Tennessee monitor as the representative
ozone monitoring site, the design value for Nashville as determined for monitored data over the
2013-2015 time period is 0.067 ppm. However, more than one ozone monitor in the greater
Nashville arca has measured an ozone design value above 0.070 ppm in the recent past. In fact,
the Hendersonville monitor had an ozone design value in excess of the 0.070 ppm NAAQS in all
four of the prior three year time periods, ie., 2009-2011, 2010-2012, 2011-2013, and 2012-2014.

Because of the small margin of compliance with the current 0.070 ppm NAAQS and the
historical ozone measurements collected in the greater Nashville area that exceed 0.070 ppm,
there is a reasonable basis for concern that the additional NOx emissions created by the proposed
compressor stations could lead to increased ozone levels and threaten future attainment with the
ozone NAAQS in Davidson County and the greater Nashville area.

Ozone Monitoring in Greater Nashville

There are five monitoring stations for ozone located in the Nashville-Davidson-
Murfreesboro-Franklin Metropolitan Statistical Area (MSA). Two stations are operated by Metro
and three stations are operated by the Tennessee Department of Environmental Conservation
(TDEC).

! The new NAAQS became effective on December 28, 2015, National Ambient Air Quality Standards for Ozone, 80
Fed. Reg. 206 (Oct. 26, 2015). Federal Register: The Daily Jowrnal of the Uniled Stafes. Web. 17 January 2017.
However, final designations, classifications, and nonattainment area SIP rules and guidance will not be released
until October 2017. USEPA. Ozone NAAQS Timelines: Key Dates for Existing and Future Nonattainment Areas.
Web. 17 January 2017. Available at: https://www.epa.gov/ozone-pollution/ozone-naags-timelines.
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Ozone monitoring at all stations is conducted only during the “ozone season” (the Middle
Tennessee ozone season is March 1 — October 31). No ozone measurements are collected during
November, December, January, or February. Because the ozone NAAQS compliance is based on
the fourth-highest daily 8-hour ozone measurement over the calendar year, the implicit
assumption in the Nashville monitoring approach is that no high ozone values occur during the
winter time period when ozone measurements are discontinued. In the author’s view, if ozone
monitoring continued throughout the year without interruption, then the monitoring data would
provide for a more robust determination of NAAQS compliance. It is noted that some locations
in the western United States measure their highest ozone levels during the winter months
(References 1 and 2). Without a continuous 12-months measurement program for at least some
Nashville MSA monitoring stations, the assumption that peak ozone does not occur in the
fall/winter time period cannot be validated. The historical assumptions about seasonal variability
in peak ozone could also be compromised as the ozone NAAQS becomes increasingly more
stringent.

The Metro-operated stations are all located within Davidson County. One station is the
East Health Site, located at 1015 Trinity Lane, northeast of downtown Nashville, but still within
the urbanized region, This station has been in operation since 1972 and also supports monitoring
for other pollutants besides ozone, i.e., sulfur dioxide (SO,) and nitrogen dioxide (NO,). The
second Metro station is located at the US Army Corps of Engineers J. Percy Priest Dam Campus
cast of the Nashville urban area (3711 Bell Road) and has operated since 1978.
The J. Percy Priest Dam Station lies at the transition from the Nashville urbanized area to a more
rural environment,

The TDEC ozone monitoring sites are lIocated in areas surrounding the urbanized
Nashville region, including Sumner County (the Hendersonville site), Williamson County
(the Fairview site), and Wilson County (the Cedars site). Figure 1 shows the location of the five
greater Nashville area ozone monitors and also shows the location for the Tennessee Gas
Pipeline (Joelton) and Columbia Gas Transmission (Cane Ridge) compressor stations.
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Figure 1: Network of ozone monitors for the Nashville MSA and compressor stations proposed |
in Davidson County, Proposed compressor stations are pictured as red diamonds, while the

location of ozone monitors operated by Metro are blue pins and those operated by TDEC are

purple pins

The current design values for each station in the Nashville ozone monitoring network are
listed in Table 1. The ozone design values, which provide the ozone concentration compared to
the NAAQS for determination of compliance, were calculated based on the fourth highest daily
maximum 8-hour average ozonec concentration averaged over the most recent three year
monitoring period.

All data in Table 1 are based on the three-year 2013-2015 monitoring period, except for
the data at East Health. During a 2013 Technical Systems Audit conducted by EPA, it was
determined that the inline filters had been relocated from the back of the continuous analyzers to
the inlet of the sampling probe lines at this site. However, the new sampling configuration was
not employed during the quality control checks for the analyzers and, as such, the data did not
meet the specifications under 40 CFR Part 58, Appendix A, Sections 3.2.1.1 and 3.2.2.4. Based
on the EPA audit, all data collected at East Health starting with September 2012 were
invalidated. Given this audit finding, the 2010-2012 period is the most recent three year period
with complete and valid data at the East Health ozone monitoring site.
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Table 1 ~ Current Ozone Design Values for Nashville Ozone Monitoring Stations
Ozone NAAQS = 0.070 ppm

Ozone Monitor | Monitoring Period | Ozone Design Value (ppm)
East Health 2010-2012 0.069
Percy Priest Dam 2013-2015 0.065
Hendersonville 2013-2015 0.067
Fairview 2013-2015 0.062
Cedars 2013-2015 0.062

Even though the design value shows compliance with the NAAQS, there are occasional
days in the Nashville region where one or more monitors may measure peak ozone levels above
the NAAQS concentration of 0.070 ppm. In fact, the five Nashville area ozone monitors
combined recorded 2,057 one-hour ozone concentrations at or above 0.070 ppm between
2010 and 2015 inclusive. At the Hendersonville monitor, there were 740 instances where the
one-hour ozone concentration was at or above 0.070 ppm, comprising about 40% of the total
occurrences for the greater Nashville area (Reference 3).

Of all of the Nashville area ozone monitors, the Hendersonville monitor is probably the
most critical location. The Hendersonville monitoring site lies to the northeast of Nashville, and
is generally “downwind” based on the prevailing southwesterly winds that dominate during the
summertime ozone season. Emissions generated in the Nashville urban plume are simply more
likely to be transported toward Hendersonville as opposed to the other ozone monitors.
Excluding East Health where data quality problems bias the ozone design value, the
Hendersonville monitor also has the highest design value of any monitor in the Nashviile MSA.

The last five ozone design values at Hendersonville are shown in Figure 2. Note that in
all time periods prior to the current 2013-2015 time period, the three year average ozone design
value exceeded the NAAQS (0.070 ppm). In the 2010-2012 time period, the design value even
approached 0.080 ppm. The historical ozone data at IHendersonville (and other Nashville
monitoring sites) were influenced by a high ozone event that occurred over several clear, dry,
calm days in 2012 (Reference 4). However, the apparent downward trend in the ozone design
value is likely influenced to a greater degree by the lack of similar “worst-case” meteorology
occurring since 2012 as opposed to emission reductions of ozone precursors. In fact, there is a
reasonable expectation that the “worst-case” meteorology that was present in 2012 would likely
recur at some time in the future,

Page 4 of 10

Appendix Il
Page 896



Ozone design values compared with
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Hendersonville site
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Figure 2 — Historical Ozone Design Valucs at the Hendersonville, TN Monitor,

Implications of Imcreased NOx Emissions from Stationary Sources In and Around
Nashville

Metro is considering permits that would allow for the construction and operation of two
new NOx emission sources in Davidson County. The proposed increased NOx emissions at the
Joelton Compressor Station total 167.4 tons per year (allowable emissions) and the proposed
increased NOx emissions at the Cane Ridge compressor Station total 80.29 tons per year
(allowable emissions). As proposed, both new sources would add about 248 tons per year to the
NOx emissions budget in greater Nashville, an emissions increase almost equal to the 250 tpy
“major source” threshold under the Prevention of Significant Deterioration (PSD) regulations.

NOx is one of the precursors to ozone formation. In fact, most areas with elevated ozone
levels are believed to be “NOx-limited”, meaning that the availability of NOx is the limiting
factor in the ozone photochemistry. For NOx-limited locations, increases in regional NOx
emissions would be expected to lead to increases in the ambient ozone levels.

Although elevated ozone readings tend to occur during the warmer summer months,
temperature by itself does not directly influence the ozone chemistry in any meaningful way.
In other words, assuming that all other parameters are the same, an increase or decrease in the
ambient temperature, will not significantly influence the amount of ozone formation. The key
meteorological parameter needed to promote ozone formation is the incoming solar radiation.

In a NOx-limited environment, new NOx emission sources (such as the new compressor
stations proposed in the region) would also add to the NOx emissions budget and thus add to the
potential to create ozone. In Nashville, all of the other ozone precursors are present in a surplus -
the missing ingredient is sufficient NOx. On that basis, if additional NOx emissions are added, a
reasonable expectation is that all of the additional NOx emissions can lead to more ozone. I have
postulated that a 1% increase in NOx emissions would lead to a proportional 1% increase in
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ozone levels (this is called the 1-to-1 relationship). USEPA has also modeled hypothetical
sources for ozone precursor emissions to assess the potential impact on ozone levels and these
findings are consistent with the increases projected in greater Nashville when using the simple
1-to-1 relationship assumption (Reference 5). These new EPA modeling findings are discussed
in more detail later in this report.

It is the increased NOx drives that ozone formation and not temperature. Changes in
ambient temperature would not alter the 1-to-1 relationship between NOx emissions and
ozone. Although temperature is not a direct variable that affects ozone formation, ozone
formation is driven by the same atmospheric conditions that lead to warmer temperatures,
i.e., incoming radiation present in sunlight. Clear sunny days have more solar radiation compared
to other days and it is the levels of solar radiation that effect ozone formation. Sunny days do
occur year-round; for example, Nashville’s percent of possible sun® in winter months ranges
from 42% in December to 52% in March (Reference 6).3 However, the summer also promotes
higher levels of incoming solar radiation as the sun angle is more directly overhead. Also, on
those days with higher incoming solar radiation (and greater ozone formation potential), the
increased solar radiation acts to warm the atmosphere. So, high ozone days may be correlated
with warmer temperatures, but temperature is not the main driver for the higher ozone
levels. Instead, the same atmospheric conditions that promote ozone formation (clear sunny
skies) are also the same conditions that would be expected to cause warmer temperatires.

Table 2 shows the current NOx emissions budget for Davidson County and the relative
increase in NOx that would be generated by the proposed new compressor station emissions
(248 tpy NOx). The new compressor station emissions would generate a substantial increase
(13%) in NOx emissions compared to other stationary fuel combustion sources in Davidson
County. To put these emission increases in perspective, using EPA data where the NOx
emissions from a passenger car driven 12,000 miles per year is 18.32 Ib/year (Reference 7),
the proposed NOx emissions increase from the Joelton facility (167 tpy) is equal to the NOx
emissions generated by 18,231 automobiles. Likewise, the proposed NOX emissions increase
from the Cane Ridge facility (80 tpy) would be the yearly equivalent of 8,734 automobiles, If
both compressor stations were constructed, the resulting burden on Davidson County would
equate to an increase in NOx emissions equal to approximately 27,000 automobiles.

% The total time sunshine reaches Nashville expressed as a percentage of the maximum amount possible if clear-sky
conditions were prevalent from sunrise to sundown.

 NOAA National Centers for Environmental Information. Comparative Climatic Data. Datasets, Web. 17 January
2017, https://www.ncde.noaa.gov/ghen/comparative-ciimatic-data.
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Table 2 — Impact of New Compressor Station NOx Emissions
on Davidson County NOx Budget

Source Category NOx Budget (ton/yr) | Percentage Increase
Fuel Combustion Stationary Sources 1629 13%
All Stationary Sources 2448 9.2%
All NOx Sources (Stationary & Mobile) 22653 1.1%

If it is assumed that NOx increases lead to a proportional increase in ambient ozone
levels (based on the presumption that ozone formation is NOx-limited), then the increase in
ambient ozone levels associated with any increase in NOx emissions can be projected. A
proportional 1.1% increase in ambient ozone at the Hendersonville monitor would increase the
design value from 0.067 to 0.068 ppm. While the estimated ozone concentration remains under
the NAAQS, the available compliance margin based on the Henderson design value is reduced
by about one-third.

Also, the assumption that changes in ozone levels are proportional to the NOx emissions
increase is based on an assumption that the new NOx emissions are well-mixed within the
Nashville urban plume. However, this may not be the case. Because the increased NOx
emissions would occur from concentrated point sources, there would likely be a NOx emissions
plume transported downwind where the relative NOx concentrations may be significantly higher,
compared to other sections of the Nashville urban plume. Thus, in a NOx-limited environment,
there are likely pockets where a disproportional increase in ozone may occur that exceeds 1.1%.
If one of these pockets should affect the Hendersonville monitor, the measured ozone increases
may even be higher than the above projection and NAAQS compliance could be threatened.

The potential impact of higher ozone precursor emissions in multiple areas of the United
States has also been modeled by EPA (Reference 5). EPA modeled hypothetical sources of ozone
precursor emissions (NOx and VOC) at various locations in the United States and determined
what effect such emissions might have on future ozone level as part of an effort to develop
formal protocols for addressing new sources of ozone precursors in the new source review
process. Based on these EPA modeling results, a new hypothetical source in Tennessee or
Kentucky releasing an additional 500 tpy of ozone precursors was modeled to result in an
increase in ambient ozone levels of approximately 3 parts per biflion (ppb) or 0.03 ppm. In fact,
EPA’s conclusions were that new sources of ozone precursor emissions in and around Nashville
would generate a larger response on ambient ozone levels comparted to most other areas of the
United States, Given that the NAAQS compliance margin based on current data from the
Hendersonville monitor is only 3 ppb, the EPA modeling data suggest that proposed emissions
increase associated with the new compressor stations (almost 250 tpy) would consume about
50% of the current ozone NAAQS compliance margin.
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Lastly, the various design values for Nashville area ozone monitors are based on the
measurements over the 2013-2015 period, which does not appear to represent the “worst-case”
meteorology. It is known that meteorological conditions conducive the very high ozone reading
can and do occur in Nashville, with the most recent episode occurring over several days in 2012
(Reference 4). A repeat of the meteorological conditions that led to the 2012 ozone episode
would most likely result in new ozone measurements above the 0.070 ppm NAAQS and the new
NOx emission sources resulting from the recent compressor station permits would only
exacerbate the problem,

Conclusions and Recommendations

Although the available data on ozone in the greater Nashville arca indicate that the region
complies with the 0.070 ppm NAAQS, the margin of compliance is small. However, there is no
long-term historical record showing that Nashville can consistently meet the 0.070 ppm ozone
NAAQS. All recent periods prior to the 2013-15 three-year data period have design values above
the 0.070 ppm NAAQS at one or more ozone monitors. Given that almost no compliance margin
exists, any repeat of the meteorological conditions that led to elevated ozone readings in 2012
would likely push Nashville into non-compliance with the ozone NAAQS.

Newly released EPA ozone modeling data also show that future ozone levels around
Nashville are very sensitive to changes in levels for ozone precursor emissions. Compared to
other areas of the United States, relatively small changes in ozone precursor emissions from
new/modified sources around Nashville can elicit a much larger response in the ambient ozone
levels. Extrapolating from new EPA modeling studies suggest that the two proposed compressor
stations would generate sufficient NOx precursor emissions to reduce the ozone NAAQS
compliance margin in Nashville by 50%, assuming no change in meteorological conditions from
the 2013-2015 baseline period.

Given these findings, a more proactive approach to managing ozone precursor emissions
of NOx and volatile organic compounds (VOCs) is appropriate. Given that Nashville appears to
be “NOx-limited” like most other ozone regions, an emphasis on strategies that reduce NOx
emissions is especially warranted.
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Specific Recommendations

Ozone monitoring in the Nashville MSA should be extended to a continuous
[2-month program in order to be confident that the fourth-highest daily maximum
concentrations are in fact being measured for comparison to the NAAQS. The ozone
scason monitoring currently performed in Nashville relies on an assumption that
higher ozone levels do not occur during the fall and winter months, and this
assumption has in fact been disproved in other regions of the United States,

Permitting of new/modified emission sources that increase NOx should be more
carefully managed as such sources would very likely lead to higher ozone levels in
the urban plume downwind of Nashville and threaten NAAQS compliance. New
source permitting in Davidson County and surrounding areas should include proactive
strategies such as adopting selected provisions of non-attainment new source review
(NNSR), i.e., offsets for major new NOx emission sources. Other approaches would
include more stringent NOx/VOC emission control requirements such as
Best Available Control Technology (BACT) for even for non-PSD sources. Avoiding
a future non-attainment designation in Nashville should be the preferred alternative
rather than allowing for unmanaged increases in NOx precursor emissions that
continue to threaten ozone compliance.
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