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Thank you for accepting these comments on EPA'senfapers regarding methane and VOC
emissions in the oil and natural gas sector, retkagpril 15, 2014. We submit these comments
on behalf of the Sierra Club, Natural Resourcesbsd Council, Clean Air Task Force, and
Earthworks (“Commenters”).

I. Introduction

EPA's five white papers demonstrate that the ail gas sector emits enormous amounts of
harmful methane and that timely action by EPA caidphificantly curtail these emissions. Most
importantly, the white papers support action by E&ctly regulating methane from this source
category under Section 111 of the Clean Air Aatluding both existing and new or modified
sources. Only through such an approach can EPAmiexithe available reductions in methane
emissions from this sector and meet the Obama Adtration’s climate goals.

Avoiding many of the impacts brought on by climelb@nge will require dramatic reductions in
greenhouse gas emissions, including methane. Tamovernmental Panel on Climate Change
(“IPCC”) recently affirmed that to avoid catastropivarming of 2 C or greater, the U.S.
mustreduce total greenhouse gas emissions, retatR@05, by at least 17% by 2020, 42% by
2030, and 83% by 2050—targets President Obama anadun Copenhagen in 2009 and
committed to in Cancun in 2020rhe most optimistic projections from EPA and thregy
Information Administration (“EIA”) of the currentdjectory of U.S. greenhouse gas emissions in
2020 exceed the Administration’s target level bgrd®0 MMT CQe’. Garnering all achievable

! See, e.gIPCC,Fifth Assessment Report, Working Group 3: Sumnuarpdlicymakerg2014)

at 13available athttp://report.mitigation2014.org/spm/ipcc_wg3_amsmsnary-for-
policymakers_approved.pdiee alsdJnited States Department of State, Letter to Exeeut
Secretary of United Nations Framework ConventiorCtimate Change Confirming US
Copenhagen Targets, (Jan. 28, 2040gilable at
https://unfccc.int/files/meetings/cop_15/copenhagecord/application/pdf/unitedstatescphaccor
d_app.1.pdfand United States Framework Convention on Cliftdtange, Compilation of
economy-wide emission reduction targets to be implaed by Parties included in Annex | to
the Convention (June 7, 2014a)ailable at
http://unfccc.int/resource/docs/2011/sb/eng/infQ1pdf.

% This estimate was calculated from table 5-1 inUhiéed States Climate Action Report
available athttp://www.state.gov/e/oes/ris/rpts/caedid adjusted with global warming potentials
from IPCC’s Fourth Assessment Report, in accordanttethe “Key Parameters of the U.S.
Economy-wide Emission Reduction Targets” spelletimd able 1 of thd=irst Biennial Report

of the United States of America, available at
http://www.state.gov/documents/organization/219080.




methane reductions from the oil and gas sectdreisetore critical to reaching the initial 17%
reduction target, and a necessary complement teeteant carbon dioxide standards for power
plants towards this end. Furthermore, it is cleamfexisting pollution levels that voluntary
measures will be insufficient.

Methane, an extremely potent climate change paituia the second most emitted greenhouse
gas in the EPA’s 2014 Greenhouse Gas Inventory Sthisce, estimates that in 2012, the U.S.
emitted 29.8 million tons of methafehich EPA concludes represents 9% of total US
greenhouse gas emissions in terms of carbon-di@qjdaalent (C@e):* The oil and gas
industry, in turn, is among the nation’s top thiregustrial contributors to human-made climate
pollution. According to the 2014 Inventory, thicg® produces approximately 161.6 MMT of
CO,-equivalent in methane each year through ventimgleaking? making it the largest source
of anthropogenic methane pollution in the U.S.

Importantly, the actual impact of this pollutionnigich higher than indicated in the Inventory,
which understates both the potency of methaneladrnhount of methane emitted by the oil and
gas sector, as we explain below. Even acceptingntrentory’s figures, however, it is clear that
direct regulation of methane is critical. Sucharttivill have co-benefits outside of those related
to climate change, as methane also causes hartimctfisom those directly related to climate
change—for example, methane increases smog-forozioge, which negatively impacts human
respiratory and cardiovascular health and damages and vegetation. Additionally, methane is
emitted along with other smog- and particulate-fiagrco-pollutants as well as hazardous
substances. Measures to reduce methane emissiomgifrand gas systems will also help curb
emissions of these co-pollutants.

The last seven years have shown that the CleaAails an appropriate and necessary means of
reducing the threat of climate change by cuttirgeghouse gas emissions. After the Supreme
Court recognized iMassachusetts v. EPB49 U.S. 497, 528-29 (200fat greenhouse gases
are air pollutants covered under the Clean Air BEYA responded by determining that
greenhouse gases, including methane, endangec haalith and welfar&ee74 Fed. Reg.
66,496 (Dec. 15, 2009). The Supreme Court furtbefianed that section 111 of the Clean Air
Act is an appropriate pathway to reduce greenhgasemissions from stationary sources.
Elec. Power Co. (“AEP”) v. Connecticut31 S.Ct. 2527, 2537-39 (2011). Noting that this
section of the statute directs EPA to list paricdtategories of sources” that, in the Agency’s
judgment, “caus|e], or contribut[e] significantly, tair pollution which may reasonably be
anticipated to endanger public health or welfareth& Court acknowledged WEP that section
111 requires “standards of performance” for poltitgaemanating from sources in a listed

3 EPA, Inventory of U.S. Greenhouse Gas Emissions andS1990-2013Apr. 2014) (“2014
Inventory”), Table ES-2 (estimating 567.3 Tg ££0rom CH,), available at
http://epa.gov/climatechange/Downloads/ghgemis#igh<sHG-Inventory-2014-Chapter-
Executive-Summary.pdfThis table uses a 100-year methane GWP of 2icdtidg 27 Tg (or
million metric tons) of methane. In this commeng @xpress units in short tons unless otherwise
specified. 27 million metric tons is equivalent2®.8 million short tons.
“1d. at Table 2-1lavailable athttp://www.epa.gov/climatechange/Downloads/ghgeinissUS-
gsHG—Inventory—2014—Chapter—2—Trends.pdf

Id.




categoryld. This duty entails performance standards for both s@urces under 111(b) and
existing sources under 111(dee3l2 U.S.C. § 7411(b) and (8).

Although the Court irAEP v. Connecticubcused specifically on section 111 regarding. CO
emissions from power plants, the logic of that irdcextends to all industrial sources of GHG
pollution, and the oil and gas sector is, like poplants, a listed source category that is already
regulated under section 111. EPA acknowledgeddar2@12 rulemaking that the oil and gas

sector emits significant levels of methane; as iseuss in these comments, reasonable cost
controls are available to curb those emissionstt&se reasons, EPA must set methane standards
and guidelines for the oil and gas sector undeti®@ec111(b) and (d) of the Clean Air Act.

Indeed, the urgent need for methane regulationsewident in information presented to the
agency in 2011 and 2012, during its mandatory vewksection 111 performance standards for
the oil and gas industry that resulted in the 2RBSPS for VOC emissions. The five white papers
that EPA released in April of this year and thelis summarized therein overwhelmingly affirm
this conclusion. Specifically, these papers denmatesthat:

* Numerous sources of methane emissions in the digaa sector, including those for
which the 2012 NSPS does not prescribe performstacelards, are significant sources
of methane emissions;

» Available control technologies can substantialljuee these methane emissions; and
» Costs for these control technologies are reasonable

Accordingly, EPA can and must take action now totad methane emissions from oil and gas
industry sources directly. As the IPCC has repdatdinonished, acting now will be more
effective and cheaper than acting Idter.

Uncertainty regarding the exact amount of methanissons from the oil and gas sector in no
way justifies EPA’s delay in regulating these emaigs. As we discuss below, the studies cited in
the white papers may differ in their exact estiraatkemissions from particular components, and
studies using atmospheric measurements of metkdneh(were generally not discussed in the
white papers) provide significantly higher estinsaté total methane emissions from natural gas
systems. Nevertheless, while there may be uncgrtaimto precisely how much methane the
sector emits, there is no uncertainty on the is&ilRS must resolve in setting section 111
standards: whether the amount of methane is sigmifienough to warrant regulation under
section 111 and whether there are available teolied to reduce these emissions at reasonable
costs.

For the reasons stated below, EPA must act, anubagtto propose section 111(b) and (d)
standards and guidelines for methane emissions (@b minimum) each of the sources
discussed in the white papers.

® Under section 111(b), EPA issues direct regulatmiithe new sources in the regulated
category. Under 111(d), the agency provides mangatoission guidelines that states then use
to develop regulations for existing sources.

"See, e.gIPCC,supran. 1, at 13-14.



Il. Scientific and Legal Background

A. Methane Is A Harmful Air Pollutant

Methane is a highly potent greenhouse gas: inastmecent climate assessment, the IPCC
estimates that fossil methane has a 100-year giedahing potential (GWP) of 36, meaning that
one ton of methane warms the Earth’s climate aswasc6 tons of carbon dioxide over a 100-
year time period. For a twenty year time frame,@WP of fossil methane is §7This estimate
represents the current consensus of the scieatifitmunity based on the latest research. In
contrast, EPA’s inventories still use a 100-year Bidr methane, including fossil methane, of
21. This value has been out of date since 2804 does not reflect the research that has been
conducted in the intervening time. In addition, nagte is an ozone precuré&as such, it
contributes to the formation of smog, which cawsgsificant human health impacts (including
asthma attacks, respiratory disease, heart attaclispremature death) and can destroy crops and
vegetation.

Although a comprehensive estimate of the socid absiethane has not yet been developed, a
peer-reviewed analysis by EPA economists recestiynated the figure at $880 per short ton for
the year 2015, assuming an annual discount re8&6dtf This figure was derived using the same
methodology as used for the estimates of the soesilof carbon (“SCC”), building on work
developed over several years and recently updatéiebinteragency Working Group on the
Social Cost of Carbon. While this research presamisnportant starting point, subsequent
research indicates that it is too low. In particutince this paper’s publication, estimates of two
inputs to this study—methane’s global warming ptéémand the social cost of carbon—have
been revised dramatically upward. This study uB&d’s fourth assessment report’s estimates
of methane’s global warming potential, but as natedve, the IPCC's fifth assessment report
increased the estimate of methane’s 100-year glehahing potential by 44%.Similarly, in

2013 the federal Interagency Working Group incrdatseestimates of the social cost of carbon,
using the same 3% annual discount rate, by 508hile the 2013 Interagency Working Group
estimates of the SCC represent the most comprefeeasalysis of this issue conducted thus far,
Sierra Club, NRDC, and other environmental orgditra have commented elsewhere that even

#|PCC,Climate Change 2013: The Physical Science B@#pt. 2013), Chapter 8, page 714,
Table 8.7 available athttps://www.ipcc.ch/report/ars5/wgl/

° IPCC’s Third Assessment report updated the 108MtP for methane (to 23) in 2001, and it
was subsequently updated, increasing each ting8di and 2014.

19 See76 Fed. Reg. 52,738, 52,791 (Aug. 23, 2011).

1 SeeMarten, A.L., and Newbold, S.(Estimating the social cost of non-€GHG emissions:
Methane and nitrous oxigd&1 Energy Policy 957 (20},2attached akx. 1.

2 Compare idat 13 (citing Interagency Working Group on Sociast of CarbonTechnical
Support Document: Social Cost of Carbon for Regulatmpact Analysis Under Executive
Order 12866(Feb. 2010))available at
http://www.whitehouse.gov/sites/default/files/onnifdreg/for-agencies/Social-Cost-of-Carbon-
for-RIA.pdf) with Interagency Working Group on Social Cost of Cartdmfed States
GovernmentTechnical Support Document: Technical Update of3beial Cost of Carbon for
Regulatory Impact Analysis Under Executive Ordeé86BANov. 2013) at 3available at
http://www.whitehouse.gov/sites/default/files/ondgats/inforeg/technical-update-social-cost-of-
carbon-for-requlator-impact-analysis.p@ihe 2013 estimates are 50% higher for emissions in
2010, with greater percentage increases in substyears.

31d. at 16 (referencing IPCC AR4 GWPs).




these SCC figures significantly underestimate the social cost of carbon, possibly by several
orders of magnitud¥.For these reasons, the true social cost of metiiaig exceeds the cited
figure of $880 per short ton.

B. Atmospheric Measurements Indicate That the White Ppers Drastically Understate
Oil and Gas Methane Emissions

The studies reviewed in the white papers geneealiynate aggregate emissions using “bottom-
up” methods. These methods use an estimate ovdrage emissions from an individual piece of
equipment or individual event, such as a high-bleselimatic device or a well completion, and
multiply that per-component value by an estimatteftotal number of components or events of
that type. A different method of estimating oil agab sector methane emissions is a “top down”
approach, where researchers measure the methamawdation in the atmosphere in areas where
oil and gas activity is occurring and then estimhbgefraction of this methane attributable to
emissions from oil and gas activity. For examplessearcher might measure methane
concentrations upwind and downwind of gas actiaitg then subtract out the methane estimated
to have been emitted from other sources. Certairgpurce attribution has increased in recent
years as scientists are better able to distinguisthhane sources based on detected levels of co-
occurring compounds such as ethane or isotopic ositipn of atmospheric methane.

In the last two years, peer-reviewed publicatiatilziing top-down techniques to estimate
methane emissions from oil and gas, have proligerand these studies provide compelling
evidence that the aggregate methane emission ¢éssitnased on “bottom up” studies (such as
those discussed in the white papers) underestinilziad gas sector methane emissions by a
significant margin. Two recent studies addressedrabgas’s lifecycle methane emissions
nationwide. The first, published by Scot M. Millet,al, reviewed atmospheric measurements of
methane and concluded that “[tlhe US EPA recemtlyi{e 2013 Greenhouse Gas Inventory]
decreased its [methane] emission factors for fdgsllextraction and processing by 25-30% (for
1990-2011), but we find that [methane] data fronessNorth America instead indicate the need
for a larger adjustment of the opposite sigtSpecifically, Miller,et al.conclude that

atmospheric measurements show that methane ensigsion all sources were 50% higher than
the 2013 Inventory’'s bottom-up estimate of emissidrhey show that oil and gas emissions are a
significant portion of the observed emissions ruaoainted for in EPA’s Inventory, and suggest
that the actual leak rate is likely to be 3% or el8iThe second, published by Adam Braret,

! SeeSierra ClubComments on the Interagency Working Group’s (IW&ical Support
Document: Social Cost of Carbon (SCC) for Regulatorpact Analysis Under Executive Order
12866(Docket Not. OMB-2013-0007-0083) (Feb. 25, 20B4ilable at
http://www.regulations.gov/#!documentDetail; D=OMBI3-0007-0083EDF, NRDC et al,
Comments on the Interagency Working Group’s (IW&hhical Support Document: Social Cost
of Carbon (SCC) for Regulatory Impact Analysis Urigheecutive Order 1286@ocket No.
OMB-2013-0007-0140) (Feb. 26, 2014yailable at
http://www.regulations.gov/#!documentDetail;D=OMB13-0007-0140

> See, e.gMiller, S., et al, Anthropogenic emissions of methane in the UnitateSt
Proceedings of the National Academy of Sciences. (D@, 2013) (“PNAS Study”), at 20,022,
available athttp://calgem.lbl.gov/Miller-2013-PNAS-US-CH4-Emigss-9J5D3GH72.pdf

1% Specifically, the paper states that in moving fritwe 2012 Inventory to the 2013 Inventory,
EPA “decreased its CH4 emission factors for fdssl extraction and processing by 25-30%
(for 1990-2011), but we find that CH4 data fromassrNorth America instead indicate the need




al., similarly concluded that EPA’s Inventory andetlottom-up estimates significantly
underestimate methane emissions from oil and gatuption:’

These nationwide studies stand in agreement witlbgheric studies examining individual
regions, which have found even higher methane émiss$n the regions studied. Two studies of
Colorado’s Denver-Julesberg Basin have concludaiddiiring gas production alone (not
including emissions from downstream segments oirttiestry - transmission and distribution),
the gas leak rate was about 2% he same team of researchers found even highéameteak
rates in Utah’s Uinta Basin, estimating escapecharet at 9 + 3% of total productioh.

What these top-down studies uniformly indicatéhit the estimates of oil and gas methane
emissions surveyed in the white papers are tooTéng means, in turn, that action to address
methane emissions is even more vital, and thgbokential for total abatement is even greater
than what would be supported by the white papétadditerature alone.

C. If Oil and Gas Production Continues to Increase, th Need for Action to Address
Methane Emissions Will Likewise Increase

Over the course of the last decade, the developaier@w techniques to extract oil and gas,
including hydraulic fracturing and horizontal drilyj, have opened unconventional sources of
hydrocarbons to development, such as shale gasgaég, and coalbed methane. As a result, gas
and oil production have increased significantlyanent years. Some analysts anticipate a
continuation of this trend; for example, EIA’s ArallEnergy Outlook report for 2014 projects
increases in production of both oil and naturaligake coming decad8$Our energy needs
should instead be met through increasing reliamcetleer options, including renewable energy
(wind and solar), energy efficiency and others; &eav, any increase in oil and natural gas
production that does occur will only strengthennked for EPA to stringently control methane.

for a larger adjustment of the opposite sigd."The 2012 Inventory implied a leak rate of
approximately 2.4%; a 25% increase brings the tagkto 3%.

YBrandt, A.R. et al, Methane Leaks from North American Natural Gas Byst8cience, Vol.
343, no. 6172 at pp. 733-735 (Feb. 14, 20adjjlable at
http://www.novim.org/images/pdf/ScienceMethane.@214.pdf

18 The 4% estimate is provided by the more recethede studies, Petrost, al, A new look at
methane and non-methane hydrocarbon emissionsdiicand natural gas operations in the
Colorado Denver-Julesburg Basihl9:9 J. Geophys. Res. Atmosphdteme 3, 2014)abstract
available athttp://onlinelibrary.wiley.com/doi/10.1002/2013J00@% 2/abstractThis is
consistent with an earlier study, by the same &abtor, which estimated using top-down
techniques that 2.3 to 7.7% of production was \irte¢he studied and concluded more generally
that “the methane source from natural gas systar@®lorado is most likely underestimated by
at least a factor of two.” Petroet, al, Hydrocarbon emissions characterization in the Catly
Front Range: A pilot studyi17:D4 J. Geophys. Res. Atmosphet884 (Feb. 21, 2012), abstract
available atttp://onlinelibrary.wiley.com/doi/10.1029/2011J08B60/abstract

19 Karion, et al, Methane emissions estimate from airborne measursnoser a western United
States natural gas field0:16 Geophysical Research Letters 4393 (Aug2@ZX3), abstract
available atttp://onlinelibrary.wiley.com/doi/10.1002/grl.508hAbstractSee alsd. Tollefson,
Methane leaks erode green credentials of natural Nature (Jan. 2, 2013yailable at
http://www.nature.com/news/methane-leaks-erodergoeedentials-of-natural-gas-1.12123

2 EIA, Annual Energy OutlookMay 2014), Table 14: Oil and Gas Suplyailable at
http://www.eia.gov/forecasts/aeo/excel/aeotab _$4.xI




D. The Clean Air Act's Section 111 Performance Standals Program

As mentioned above, section 111 of the Clean AirrAquires EPA to set technology-based
“standards of performance” for listed “categoriésaurces” of air pollution. 42 U.S.C. § 7411.
Such standards of performance must

reflect[] the degree of emission limitation achielathrough the application of
the best system of emission reduction which (takitg account the cost of
achieving such reduction and any nonair qualitytheend environmental impact
and energy requirements) the Administrator deteemimas been adequately
demonstrated.

Id. 8 7411(a)(1). Congress’ intent behind section ddrformance standards was “to induce, to
stimulate, and to augment the innovative charasftardustry in reaching for more effective, less
costly systems to control air pollutiorSierra Club v. Costle657 F.2d 298, 347 n.174 (D.C. Cir.
1981 (quoting legislative history). Once the stadddor a particular source category are
established, EPA “shall, at least every 8 yeardeveand, if appropriate, revise such standards
following the procedure required by [section 11L{B)2 U.S.C. § 7411(b)(1)(B). EPA has long
interpreted this “appropriateness” determinatiotuta on only two factors: 1) the amount of
emissions of a given pollutant from that sourcdegary; and 2) the availability of demonstrated
control measuresee, e.¢g.50 Fed. Reg. 36,959, 36,961 (Sept. 10, 1985)ifrgalegative
determination based on lack of demonstrated cotgabinology); 75 Fed. Reg. 54,994-95 (Sept.
9, 2010) (making positive determination based gniicant emissions and existence of
demonstrated control technologykeSalsdNat’l Lime Ass'n v. EPA627 F.2d at 426 n. 27
(discussing these factors). As such, EPA must aelyulbut no less often than every 8 years)
review source categories to ensure that the egignformance standards reflect the current and
most innovative state of that industry’s technatagjcapabilities to reduce emissions from all
pollutants.

i. Summary of EPA’s 2012 NSPS

Despite this charge, EPA stopped short when itified revisions to the oil and gas sector’s
NSPS in 2012. 40 C.F.R. 88 60.5360-60.548@; aso/7 Fed. Reg. 49,489 (August 16, 2012).
Namely, EPA failed to issue standards that refleetmaximum degree of methane reduction that
was achievable considering the sector as a whiot®sing instead to focus on VOC emissions
and reductions and to consider methane only asbewefit of the VOC standards. The resulting
regulations cover only a small portion of the methamission sources that exist throughout the
oil and gas sector. This approach resulted in fgmificant omissions.

First, EPA’s 2012 NSPS omits sources in the trassimmn and storage segment, where VOC
emissions are low relative to methane because itigaiare removed during gas processing. For
example, only new compressors locabetiveerthe wellhead and the transmission and storage
segment are covered by the rule. 40 C.F.R. 860(53650mpressors located at a well site or
anywhere in the transmission and storage segmardsall existing compressors regardless of
location, are currently exempt from regulation uritie 2012 NSPS. The final rule applies the
same limitation on covered sources by locationsegient for pneumatic controllerd. 8
60.5365(d). Second, because EPA arguably is natreztjto set emission guidelines for VOCs
under section 111(d), the 2012 NSPS omit all engstiquipment, which accounts for the vast
majority of the sector's methane pollution.



ii. Section 111 and Costs

Section 111(a)(1) directs EPA to “take into accbtime cost of achieving reductions and any
nonair quality health and environmental impacts emergy requirements when establishing
performance standards for a category of sourceb.8Z. § 7411(a)(1). Over several decades,
the D.C. Circuit has fleshed out the meaning of thiective and determined that control costs
must simply be “reasonable”—that is, they mustly@texorbitant” or too expensive for the
industry to absorb in order to survive. For insgnoEssex Chem. Corp486 F.2d 427, 433

(D.C. Cir. 1973) (holding that section 111 standardist be “reasonably reliable, reasonably
efficient, and . . . reasonably . . . expectedetwes the interests of pollution contreithout
becoming exorbitantly costly in an economic or emuinental way 486 F.2d at 433 (emphasis
added). Similarly, ifPortland Cement Association v. Trabil3 F.2d 506, 508 (D.C. Cir. 1975),
the court upheld EPA’s interpretation that sectidd’s cost inquiry functions as a safety valve to
ensure that the costs an NSPS imposes are notégthan the industry could bear and survive,”
but would instead allow industry to “adjust” in ealthy economic fashion to the end sought by
the Act as represented by the standards presctiBed.also Lignite Energy Council v. EPA8
F.3d 930, 933 (D.C. Cir. 1999) (“EPA’s choice [dBBR] will be sustained unless the
environmental or economic costs of using the teldgyoare exorbitant.”).

The measures we discuss below would not only easlgt section 111’s cost criteria, but would
actually generate net profits for operators in mastances. Indeed, some industry actors are
taking this issue seriously and voluntarily adogtinethane controls such as those discussed in
these comments. However, a variety of market camditdisincentive or inhibit companies from
maximizing the available opportunities to reducdlrare. These conditions include diverse
ownership of the different parts of the system, ership transfer of the gas moving through the
system, higher rates of return from other investsidack of knowledge of best practices, lack of
incentive by independent contractors, or a simgd& bf interest. Collectively, these factors result
in a market failure with respect to methane, aggiliations must be established to prevent the
resulting wasteful and harmful pollution. Ultimatesuch actions will not only provide climate
and other environmental and health benefits, bey will generate profits for the sector as a
whole.

In the sections that follow, we provide commentsanh of the white papers in turn. As our
analysis makes clear, direct regulation of existiagrces of methane in the oil and gas industry,
as well as new sources not covered in the 2012 N@BSare not only warranted, but are critical.
Without these controls, a critical group of GHG #&ers will remain unregulated and the threat of
climate change will only increase.

M. Comments on the Compressor White Paper

A. Introduction

Compressors are mechanical devices used in tl@aigjas industry to increase the pressure of
natural gas for several purposes, including seipgraigher molecular weight constituent

(natural gas liquids) from raw gas and transportjag across long distances. There are two main
kinds of compressors that are used in the indusggjprocating compressors and centrifugal
compressors. Both kinds of devices experienceags lassociated with their moving parts—
shaft seals or rod packing systems, as describdledrbeand from static connections at other
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locations on the compressor. The former categoryefer to as seal leaks, and we address those
emissions in this section. The latter categoryasaraccurately considered fugitive emissions,
which we address in our comments on the white peqecerning leaks.

Reciprocating compressors function by positive ldispment, using a driveshaft and piston that
move back and forth linearly to reduce the volurha quantity of gas and increase its pressure.
To minimize gas leakage around the driveshaftprecating compressors include rod packing
systems, which consist of a series of flexible siegcased in metal cups to form a seal around
the shaft. As rod packing systems age, componeat reeuces the effectiveness of the seal and
more gas leaks into the atmosphere.

Centrifugal compressors are less common in thestnglthan reciprocating compressors, but are
associated with higher emissions of methane aret ibllutants. These devices draw in low-
pressure gas and increase its pressure by dirétthrgugh a rotating set of vanes or impellers.

To reduce leaks, the rotating shaft of each cerfaif compressor is equipped with either wet

seals or dry seals. Wet seals utilize circulatingesns of oil to lubricate the seal rings that abso
high pressure gas, which is typically vented i@ atmosphere through a seal-degassing process.
Dry seals, by contrast, consist of aerodynamic \ggedhat create a thin layer of high-pressure

gas that separates the rotating rings and createtieal seal against gas leakage. Compressors
with dry seals emit approximately 87% less metHema seal leaks than those with wet seals,

and also save operators money due to lower opgratid maintenance costs.

The 2012 NSPS included operational requirementedopressors of both types that are
constructed or modified after August 23, 2011 drad &re located between the wellpad and the
point at which the natural gas enters the transamisand storage segment. For centrifugal
compressors equipped with wet seals, the rule regjoperators to achieve a 95% reduction in
VOC emissions from seal leaks by installing a ga®very system for the seal oil degassing
process Centrifugal compressors with dry seals are noeped by the rule. For reciprocating
compressors in those portions of the industryyaleerequires rod packing replacement either
every 26,000 operating hours or every 36 months.

While the 2012 NSPS will achieve some co-benefimfreduced methane emissions, it did not
directly target methane, nor did it cover any emgtompressors.¢., those compressors
constructed or modified before August 23, 2011new or modified compressors on wellpads or
in the transmission and storage segment. As shete temain substantial opportunities to reduce
methane emissions from centrifugal and reciprogatompressors at a reasonable or even
negative cost. In this analysis, we recommendiasef measures that would significantly

reduce seal leaks from oil and gas sector compredsiost, EPA must regulate new compressors
that were not covered under the final 2012 NSPSequire periodic rod packing replacements

at new wellhead, transmission, and storage segreeiprocating compressors and either dry seal
installation or gas capture systems at new cegtlfaompressors in the transmission and storage

% In its proposed rule, the agency considered remuiry seals at all new centrifugal
compressors in the gas processing segment. Howbedinal rule permits operators to use wet
seal compressors at processing facilities so Isriguses a gas recovery system and reduces
methane emissions from seal leaks by 95%e79 Fed. Reg. 49,490, 49,523 (Aug. 16, 2012).
The controls we advocate would require existingrdfeigal compressors equipped with wet seals
to be retrofitted with dry seals or systems th&iee equal or greater reductions by capturing the
gas from seal oil degassing process and diredtingoi compressor suction (or similarly utilize

the gas through another mechanism).



segment. Second, EPA must require operators tagepbd packing systems periodically (i.e.,
every 36 months or every 26,000 operating houra)l &ixisting reciprocal compressors in all

four segments of the oil and gas sector, from veeltts to gas distribution systems. Finally, EPA
must require all existing wet seal centrifugal coegsors in the oil and gas sector to be retrofitted
either with dry seals or gas capture systems ihattdyas from seal oil degassing units and direct
it to compressor suction or other beneficial use.

The comments below are structured primarily arcined2011 Inventory to discuss abatement
opportunities in line with the information EPA hatien it proposed and developed the 2012
NSPS. Because the data on compressor emissiomghasalitatively changed between 2012
and today, our analysis based on 2011 Inventory gmains pertinent with regard to abatement
opportunities for compressors, particularly forstixig sources built prior to August 23, 2011. In
addition, we also evaluate abatement opporturfittes compressor seals in light of data from

the 2014 Inventory as a point of comparison. Asamalysis shows, the net emission reductions
that can be achieved from the control measuresiwecate are similar regardless of whether one
uses 2014 or 2011 Inventory data; in both casesgtheductions are substantial.

In the sections that follow, we provide an overvisEPA'’s anticipated emission reductions
from the 2012 NSPS. We then discuss the abaterp@ottonities available at existing reciprocal
and existing compressors based on data from EFN'$& thventory. Next, we examine the
emission reductions that could be achieved by egimg new compressors not covered under the
2012 NSPS, again using data available to EPA ir220%e then consider these total emission
reduction figures in light of EPA’s most recentaliom the 2014 Inventory. Finally, we respond
to the charge questions included in EPA’s comprresbite paper.

B. Anticipated Emission Reductions from EPA’s 2012 NS§

EPA's final 2012 NSPS set operational standaraedace VOC at new compressor seal leaks by
approximately 1,736 tp¥. The rule requires control of all new reciprocatimgnpressors and
centrifugal compressors with wet seals “locatedvben the wellhead and the point of custody
transfer to the natural gas transmission and stosagment.” 79 Fed. Reg. at 49,543 (40 C.F.R. §
60.5365(b)-(c)). Hence, the rule covers new recigtiog compressors in the gas production
(gathering and boosting activities only; wellpadtsiare not covered) and processing segments
and new centrifugal compressors in the processgment (no new centrifugal compressors are
anticipated for gathering and boosting). In additio VOC abatement, methane (8,139 tpy) and
hazardous air pollutants (“HAP”) (65 tpy) emissi@ductions are expected as co-benefits to the
rule, as shown in the summary table befdw.

22 EPA, Oil and Natural Gas Sector: Standards of Performafar Crude Oil and Natural Gas
Production, Transmission, and Distribution: Backgnal Technical Support Document for
Proposed Standardguly 2011) (hereafter, “TSD”) at 6-15 (Table 6¢showing data for
reciprocating compressors); EP®il and Natural Gas Sector: Standards of Performeafar
Crude Oil and Natural Gas Production, Transmissiand Distribution: Background
Supplemental Technical Support Document for thalftew Source Performance Standards
(April 2012) (hereafter, “Supplemental TSD”) at §fable 6-3) (showing data for centrifugal
compressors).

21d.
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Table 1: Emissions Abatement Estimations from 2012 NSPS

Commpressor Emissions Abatement Estimations from@L2 NSP S
Emissions abated per Number of Total emissions abated
Equipment Type compressor (tons/year) in 2013 New (tons/year) in 2012
Devices/Yr
Methane VOC HAP Methane VOC HAP
New Gas Production (Gathering & Boosting)

Reciprocating Compressors 6.84 1.90 0.07 210 1,437 400 15
New Gas Processing Reciprocating Compressgors |8.60 5.18 0.20 209 3,894 1,082 41
Subtotal 419 5,329 1,482 56
New Gas Processing Centrifugal Compressors 216.15 19.51 0.70 13 2,81( 254 9
Subtotal | 8139| 1,736 65

Specifically, the final 2012 NSPS requires affeatetiprocating compressors to replace rod-
packing systems either after every 26,000 operdtngs or after every 36 months. 79 Fed. Reg.
at 49,544 (40 C.F.R. § 60.5385(a)(1)-(2)). Affectedtrifugal compressors with wet seals must
reduce VOC emissions from seal venting by 95% Btailing a gas recovery system for the seal
oil degassing process. 79 Fed. Reg. at 49,544 BBRCS8 60.5380(a)(1)-(2)). Alternatively,
operators may avoid regulation under the 2012 NSP&ing dry seal centrifugal compressors,
which are not considered affected facilities urtlerfinal rule. 79 Fed. Reg. at 49,500.

Based on these requirements, EPA estimated théindieule would reduce VOC emissions at
419 affected reciprocating compressors by 1,482&lmng with co-benefits of 5,329 tpy methane
and 56 tpy HAP? EPA estimated the control cost for these uni&2a® to $877 per ton of VOC
abated” For an estimated 13 affected centrifugal compmsssiee agency calculated emission
reduction benefits at 254 tpy VOC with co-bensiit®,810 tpy methane and 9 tpy HAPThe
control cost for these units was estimated at $#E80on of VOC abated.

In total, EPA projected that the final rule wouttiice methane emissions from compressor seal
leaks by approximately 8,139 tpy. This abatemejure is relatively small because, as discussed
earlier, the rule only applies to new and moditedhpressors—that is, compressors that are
constructed or modified after August 23, 2011. éd.RReg. at 49,493. The final rule also
exempts new reciprocating compressors on wellpads$rathe transmission and storage
segments, as well as new centrifugal compressdheitransmission and storage segments.
Below, we discuss the emission reductions thatccbalachieved by controlling seal leak
emissions at these devices.

# SeeTable 2,supra See alsdf'SD at 6-15 (Table 6-6). Note that Table 6-6 egrrsly lists 375
as the number of new reciprocating compressorsadiyrin the processing segment. Elsewhere,
the TSD makes clear that this figure is actuallijcgmated at 209 new units per ye8ee, e.gid.

at 6-7 (Table 6-4), 6-28, 6-29 (Table 6-13).

®TSD at 6-17 (Table 6-7).

% Supplemental TSD at 6-3 (Table 6-2).

"1d. at 6-2—6-3 (($3,132/compressor/yr)/(19.58 tpy/corapor) = $160/ton.
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C. Control Measures for Compressors Not Covered Undethe 2012 NSPS: Anticipated
Emission Reductions Based On Data Available to EPk 2012

By requiring retrofits of existing wet seal centighl compressors with dry seals or gas capture
systems, as well as routine replacement of rodipgaystems at existing reciprocating
compressors, EPA can achieve significantly greaguctions in methane emissions at a
reasonable cost. Utilizing data available to EP#attime of the 2012 NSPS rulemaking, we
calculate the emission reduction opportunities ftbese measures at 525,218 tpy of methane,
along with emission reduction co-benefits of 72,884VOC and 2,661 tpy HAP, as show in
Table 2 below.

Table 2: Abatement Opportunities from Existing Gas Sectoor@pressors Using Data Available
to EPA During 2012 NSPS Rulemakin

: Emissions abated (tpy
Equipment Type Methane | VOC HAP
Existing Reciprocating Compress 292,26 33,10: 1,20:
Existing Centrifugal Compressc 232,95( 39,28: 1,45¢

Additionally, the 2012 NSPS did not apply to newipeocating compressors located at wellhead
sites or in the transmissions and storage segmeot$o new centrifugal compressors in the
transmission and storage segnfé@We estimate that a rule requiring control of salssions at
these new units would reduce methane emission2 5@ tpy. While this number is lower than
the reduction opportunities from existing compressib is important to keep in mind that it is a
per-year estimate that only accounts for reductiorie first year of abatement. After the second
year, emissions reductions would double, as the nle&ner compressors installed in the first
year would continue to emit less methane from leedds, and new compressors installed in the
second year would add to the potential emissiotigatéon. These emission reduction benefits
would continue to compound each year as new equipiménstalled, and the 22,576 tpy would
compound to a substantial abatement total over.time

As we explain in further detail below, these measwan be achieved at new and existing
compressors at a control cost ranging from $49-8Rlp@r ton of methane depending on the
segment and compressor, exclusive of profits flioensile of captured fuel and operating and
maintenance cost savings. Once these additionahues are taken into account, the control costs
for the measures would range from -$703 (that reeteprofit of $703 per ton of methane
abatement) to +$821 per ton. In the sections ik, we describe the abatement opportunities
for seal emissions from existing oil and gas sectonpressors. Our analysis uses the emission
abatement factors that appear in the rulemakingmeats for the 2012 NSPS and incorporates
the activity counts and aggregate methane emissiatasfrom EPA’s 2011 Inventory, which was
available to EPA when it developed the 2012 NSRbvarich the agency relied upon for most
data points in that analysis.

8 EPA estimated that no new centrifugal compressere estimated at wellheads or for
gathering and boosting activities in the comingry8aeTSD at 6-7 (Table 6-4). Hence, we do
not consider emission reduction estimates frometasds of units.
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We note here that our calculations likely underespnt the true level of methane emissions
from compressor seal leaks. This is because thécoosnmonly used emission factors—
including those used by EPA in its GHG Inventoaes in developing the 2012 NSPS, which we
rely on in this report—almost certainly underestienthe amount of methane emitted at each
compressor. For example, to estimate emissions ffeaiprocating compressors, EPA used the
emission factors calculated in the 1996 EPA/GRigft Yet a 2011 report by the University of
Texas (“UT”) and URS Institute suggests that thie fevel of emissions from these devices may
exceed the EPA/GRI study’s estimates by severarsrdf magnitudé&’ The UT/URS study
authors caution that their study used a smallepsaset than the EPA/GRI study, and that “there
is not enough data to draw a definitive conclusidacordingly, we do not rely on the UT/URS
values in our analysis. Nevertheless, they indifzieemissions from gas sector compressors
may well be much higher than either the EPA Invantw the 2012 NSPS rulemaking materials
presumed. For this reason, we assert that our &stnncluded herein are quite conservative.

Additionally, for the 38,410 units listed as “smgdlthering compressors” in the production
sector, the 2011 Inventory uses an extremely lows&ons factor of around 2 tpy/compressor.
This amounts to around 0.2 tpy/compressor attrillatto seal leaks, assuming (as we do) that
9.8% of these units’ emissions are caused by sHaiks figure, derived from the measurement of
emissions from a single wellpad compressor in 8#86IEPA/GRI study, is approximately 57
times less than the Inventory’s emission factor'flamge gathering compressors.” Although it is
nearly certain that the 0.2 tpy/compressor figuesstically under-represents the true value for
these units, we have not altered that figure wiadcutating emissions from existing compressors
in the production sectdt.Even with this added layer of conservatism, ouahows significant
emission reduction potential at reasonable cost tiee measures we discuss, and EPA must act
promptly to adopt these or equivalent measures.

i. Methane Abatement Opportunities for Existing Recipiocating Compressors

EPA’s 2011 Inventory estimated that 48, #a@ciprocating compressors were operating in the
U.S. oil and gas sector in 2009. Additional compoes were added between that year and August
23, 2011, the cut-off date for existing sourceghs®number is a conservative estimate. The

2011 Inventory estimated sector-wide methane earissrom these devices totaling 1,601,862

2 SeeEPA and GRI, Methane Emissions from the Natura [Bdustry, Volume 2: Technical
Report (June 1996), available at

http://www.epa.gov/gasstar/documents/emissions ri@ptechnicalreport. pdf

% SeeURS Corporation and University of Tex&tural Gas Industry Methane Emission Factor
Improvement Study Final Rep@Rec. 2011), at 37-3&yvailable at
http://www.utexas.edu/research/ceer/GHG/files/FREOA 83376101 Final Report.pdf

%1 In calculating control costs for existing unitslgyotential abatement from new wellhead
compressors, however, we revised the emissionadattor that EPA used for wellhead units,
which also derived from the 1996 EPA/GRI study. dli&euss this in more detail on pages 16-17
below.

%2 EPA, Inventory of U.S. Greenhouse Gas Emissions and 8§i8R0-2009) (Apr. 15, 2011)
(hereafter, “2011 Inventory”), Annex 3, Tables ABlthrough A-122 (34,930 production
segment compressors + 4,876 processing segmentessops + 8,663 transmission and storage
segment compressors = 48,469 reciprocating congnessthe oil and gas sector).
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tons® (75.56 Bcfj* for 2009. This total includes emissions not omgyni reciprocating seals, but
from fugitives as well—that is, leaks occurringo#tter locations on the compressor apart from
seals. These data are presented in Table 3 below.

Table 3. Activity Counts and Aggregate Emission EstimatesOil and Gas Sector
Reciprocating Compressors- All Emissions

Existing Compressor Emission Estimates - Not Recated by 2012 NSPS
R Numb_er of |__Emissions (tons/year) in 2009
pevices Methane VOC HAP

Existing Production Reciprocating Compressors 93 90,885 25,266 954
Existing Gas Processing Reciprocating Compres 4,87¢ 423,03 117,60:. 4,44
Existing Transmission Reciprocating Compres: 7,191 847,95! 23,48t 67¢
Existing Storage Reciprocating Compres: 1,46¢€ 239,99 6,64¢ 192
Subtotal 48,469( 1,601,864 173,004 6,266

VOC and HAP emission estimates were computed usingersion factors from EPA 2011 TSD, Page 6-2.

We observe here that existing data for methaneséonis from reciprocating compressors in the
production sector likely dramatically underestimidite true emissions from these sources. As
Table 3 shows, the 2011 Inventory estimated thagsans from reciprocating compressors in
this segment are only 2.6 tons/compressor/yeareaseemission rates for such compressors in
the other segments range from approximately 8@8tdns/compressor/year. There is no
explanation for this wide disparity, and we contémat the emission estimates for the production
segment are extremely conservative as a result.

Using data from the 1996 EPA/GRI Study, we estichdlbe portion of total methane emissions
attributable to seal leaks, then multiplied thalteimissions from reciprocating compressors by
this factor to produce an estimate of emissionsifseal leaks alori@ We estimated

reciprocating compressor emissions due to seas lalake to be approximately 10% in the
production segment, 28% in the processing segr@df, in the transmission segment, and 18%
in the storage segment. In our analysis of EPA’'geytaper on leaks/fugitive emissions, we
address the remainder of the methane emissionsdoompressors, which occur due to leaks from
a device’s static components. We estimated metlangsions attributable to reciprocating
compressor seal leaks to be 368,887 tpy, as showakle 4 below.

¥ See id(82.45 Gg production + 383.77 Gg processing +Z&S&g transmission + 217.72 Gg
storage = 1453.2 Gg sector wide; 1453.2 Gg *1,0003¢ * 1.1023 tons/MT = 1,601,862 tons
of methane emissions per year from seal leakd ahdigas sector reciprocating compressors).
34To convert methane weight to volume, we usedradsta conversion factor of .0212 tons/Mcf,
which EPA used in the 2011 Inventory. (Hence, 1,862 tons * 1 Mcf per .0208 tons * 1 Bcf
per 1,000,000 Mcf = 75.56 Bcf).

% GRI/EPA,Methane Emissions from the Natural Gas Induglnne 1996), Volume 8:
Equipment Leaks, Table 4-8 (Production), Table 4RArcessing), Table 4-17 (Transmission)
and Table 4-24 (Storagejvailable at

http://www.epa.gov/gasstar/documents/emissions ri@ptechnicalreport.pdf
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Table 4 Activity Counts and Aggregate Emission EstimatasOil and Gas Sector
Reciprocating Compressors- Seal Leaks Only

Existing Compressor Emission Estimates - Not Regated by 2012 NSPS (Seal Leaks Only)
SR Ngz\?i(e: ; gf s oak Emissions (tons/year) in 2009

% of Total | Methane [ VOC HAP
Existing Production Reciprocating Compressors 93 9.89 8,903 2,475 93
Existing Gas Processing Reciprocating Compresgors  ,876#4 27.9% 117,996 32,803 1,239
Existing Transmission Reciprocating Compressors 974,1 23.6%  199,95p 5,539 160
Existing Storage Reciprocating Compressors 1j466 17.5% 42,038 1,164 34
Subtotal 48,469 368,887 41,981 1,526

VOC and HAP emission estimates were computed esingersion factors from EPA 2011 TSD, Page 6-2.

As EPA recognized in the 2012 NSPS, methane emis$iom reciprocating compressor seal
leaks can be reduced substantially by replacenfembim-out rod packing systems on a periodic
basis. The agency reports that newly installed ipgdypically leaks 11-12 scfh, whereas worn
packing has been reported to leak up to 900%dfhthese cases, replacing packing before
serious wear occurs can reduce emissions by 90-B5%ever, depending on the degree of
wear, and compressor maintenance history, emissduction improvements would be less than
90-95% for the average compressor. Periodic replanés of rod packing materials is also good
operating and maintenance protocol: operatorscrafully monitor and replace compressor rod
packing systems on a routine basis can conserveadd gas for sale that would otherwise have
been leaked and reduce piston rod wear, both aftwihcrease profit.

As part of the 2012 NSPS rulemaking, EPA estim#itedotal amount of methane leaked and the
amount of abatement that could be achieved froipnazating compressors in each segment
based upon the rule’s requirements that rod packistems be replaced every 36 months or
every 26,000 operating hours. The agency calcukttatement opportunities of 63.2%or

devices in the production segment, approximate®p & those in the both the processing and
transmission segments, and 77.3% in the storageess(f These estimates were for new
compressors; leak rates for existing compresserilkaly higher. We applied the 2012 NSPS

% EPA, Lessons Learned from Natural Gas STAR Program, éteglivethane Emissions From
Compressor Rod Packing Systgi@st. 2006), at lavailable at
http://www.epa.gov/gasstar/documents/Ill_rodpack.pdf

" This figure combines data in the TSD for both peatating compressor types listed for the
production segment—wellhead units and gatheringbadting units. We took this approach
because it is not clear in EPA'’s Inventory for eitB011 or 2014 which production sector
compressors are wellhead units and which are gatghand boosting units. Hence, we derived an
abatement percentage based on data for all progustictor compressors—wellhead and
gathering/boosting units alike—and applied thahaggregated data for all production sector
devices listed in the Inventory.

¥ TSD at 6-10 (Table 6-5), 6-15 (Table 6-6). Thetalv@nt percentages for each segment were
calculated by dividing the abatement opportunigyfes presented in Table 6-6 by the baseline
aggregate emission figures presented in Table 6-5.
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abatement potential factors to each segment to gngtotal methane reduction of 292,267 tpy
from seal leaks at existing reciprocating compresssgong with co-benefits of 33,102 tpy in
VOC abatement and 1,203 tpy in HAP abatement.

Table 5. Total Abatement Opportunities from Seal LeaksEtisting Oil and Gas Sector
Reciprocating Compressors
Emission Abatement Potential - Rod Packing Replacaent at Existing Re ciprocating

Compressors
% Emissions abated (tons/year)
Equipment Type
Abatement| \iothane | voc | HAP

Existing Production Reciprocating Compressors 63.2% 5,625 1,564 59
Existing Gas Processing Reciprocating Compres 79.9% 94,28 26,21( 99(
Existing Transmission Reciprocating Compressots 09%8p. 159,888 4,429 128
Existing Storage Reciprocating Compressors 77.3% 4732, 900 26

Subtotal 292,267| 33,102 1,203

We observe here that the GHG Inventory presentseggted data for production segment
reciprocating compressors without providing speaiiformation for wellpad devices. Therefore,
our estimates for existing units do not offer bid@kn figures for wellpad devices and gathering
and boosting devices, but instead present dafaréoluction segment compressors in the
aggregate. However, in its TSD for the 2012 NSHS\ Ealculated separate cost estimates for
emission controls at wellpad compressors and gathand boosting compressors, even while it
declined to regulate the latter devices in itslfimi#e. The agency’s cost estimate for controlling
wellhead reciprocating compressors amounted ta8925er ton of methane. By contrast, the
agency estimated control costs of $244, $76, 7@ $404 for reciprocating compressors at
gathering and boosting, processing, transmissiwhstorage facilities, respectively (exclusive of
savings from conserved gas).

EPA'’s estimated control cost of $15,802 per tomethane at wellhead reciprocating
compressors patently overestimates the true casirdgfolling emissions at these units. It is
based on an emission abatement factor (or emissiatnol factor) of just 0.158 tons of methane
per year for each wellhead reciprocating compre$snis control factor of .158 tpy per device

is substantially less than those factors usedrgrogher reciprocating compressor in the oil and
gas sector (which range from 6.84 to 21.70 tomaethane per year per compressor) and derives
from measurements from a single four-cylinder cagapor in the 1996 EPA/GRI Study. By

using a control factor that substantially undersates the methane emissions reduction potential
for these sources, the agency arrives at a castfitpat is far higher than the true control costs
for such devices.

We urge EPA to remedy this problem by conductistuay of emissions wellhead reciprocating
compressors, which are poorly characterized bytinent data. However, in lieu of recent and
comprehensive data, we have attempted to estinrate@accurate cost estimate for controlling
wellpad reciprocating compressors than the figuPé& Eites in its TSD, even while EPA’s
Inventory does not provide us with the data toneste total emissions or abatement factors from
these units. To be conservative, we consideredaiinge of emission control factors for

¥1d. at 6-15 (Table 6-6).
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reciprocating units based on reported values toeradegments of the oil and gas industry. As
noted above, these values ranged from 6.84 to 2ari&of methane per year per compressor.
We selected the lowest emission control factor.84 6and, to add another layer of conservatism
into our estimate, we reduced this number by aitiaddl 50% to arrive at an emission control
factor of 3.42 tons of methane per year per conspres

Based on these control factors, we calculate aeevontrol cost of $742 for wellhead
reciprocating compressors. When cost savings framserved gas sales are taken into account,
this figure drops to $497 per ton. Accounting fonserved gas revenues, the control cost for
gathering and boosting reciprocating compressagsdio $12, and for processing sector units,
the control cost is -$156, a net profit.

ii. Methane Abatement Opportunity for Existing Centrifugal Compressors.

Based on data from EPA’s 2011 Inventory, we estntaat 1,39% wet seal centrifugal
compressors were operating in the U.S. oil andsgasor in 2009. Additional compressors were
added between 2009 and August 23, 2011, the aféedtite of the 2012 NSPS, so again, this
estimate is conservative. The 2011 Inventory esémenat these units emitted 546,338 tons of
methane in 2009, as illustrated in Table 6 below.

Table 6. Activity Counts and Aggregate Emission EstimatsOil and Gas Sector Centrifugal
Compressors

Existing Compressor Emission Estimates - Not Regated by 2012 NSPS
o - Number of [__Emissions (tons/year) in 2009
quipment Type Devices
Methane VOC HAP
Existing Wet Seal Centrifugal Compressors (Prooe) 64¢€ 257,24 7151 2,701
Existing Wet Seal Centrifugal Compress
(Transportatior 667 259,531 7,189 208
Existing Wet Seal Centrifugal Compressors (Stot 84 29,56: 81¢ 24
Subtotal 1,397 546,339 79,522 2,932

VOC and HAP emission estimates were computed esingersion factors from EPA 2011 TSD, Page 6-2.

To arrive at the estimate of 535,237 tons of mettamitted, we used emission factors of 51,370
scfd per compressor in the processing segment23@&d per compressor in the transmission
segment, and 45,441 scfd per compressor in thega@egment. These emission factors appear
in EPA’s 2011 Inventofd and are based on calculations from a study coadumst ICF

02011 Inventory, Annex 3, Tables A-121 through 21846 processing segment units + 667
transmission segment units + 84 storage segmetst £11i,397 wet seal centrifugal compressors
sector-wide). Although these tables included emissdata for centrifugal compressors at
liquefied natural gas (“LNG”) storage and impost&ins, they do not specify whether they are
wet seal or dry seal compressors. Accordingly, waat include those data in our estimates. In
any event, aggregate methane emissions from weteetifugal compressors in this sector are
iallmost certainly higher than our estimates suggest.

Id.
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International in 2009 They are conservative compared to EPA’s Natural SBAR report,
which indicates that wet seal emissions are mgredily in the range of 40 to 200 scfm (57,600
to 288,000 scfd), as compared to dry seals that@sio 3 scfm (720 to 4,320 scfd), or 1 to 6
scfm (1,440 to 8,640 scfd) for a two-seal systétising the higher range of emission factors
cited in EPA’s Natural Gas STAR report would subttdly increase this emission estimate, so
our analysis is conservative in this regard as.well

The 2009 ICF study also provided detailed breakdoefrthe specific sources of emissions at
centrifugal compressors in each segment of thanmllgas industry. According to these
breakdowns, seal leaks accounted for 58.3% of e@ns$rom wet seal centrifugal compressors
in the processing segment, 41.0% of emissions fmits in the transmission sector, and 33.9%
of emissions from units in the storage settdtsing these percentages, we reduced the 2011
Inventory’s aggregate emission figures for wet sealrifugal compressors in order to estimate
the emissions attributable specifically to wet deaks. Table 7 illustrates these calculations..

Table 7: Aggregate Emission Estimates at Oil and Gas Setitet Seal Centrifugal
Compressors- Seal Leaks Only

Existing Centrifugal Compressors-- Emissions Attritutable to Wet Seal Leaks
Equipment Type Seal Leak Emissions abated (tons/year)
% of Total | Methane VOC HAP
Existing Wet Seal Centrifugal Compressors (Proog) 58% 149,97 41,69: 157t
Existing Wet Seal Centrifugal Compressors (Transioig 41% 106,48: 2,95( 8t
Existing Wet Seal Centrifugal Compressors (Stot 34% 10,01( 271 8
Subtotal 266,463| 44,919 1,668

In the TSD for the 2012 NSPS, EPA provided basadstamates for emissions from centrifugal
compressors with wet and dry seals, respectiaBomparing these figures, we calculate a per-
unit 87.4% methane abatement potential by requikigting wet seal compressors in the
processing, transportation, and storage segmebis tetrofitted with dry seaf§ This abatement
percentage reflects data for new compressors; feaksexisting compressors would likely be
higher, and the abatement potential higher as ®elborts of control effectiveness for seal oil
gas capture systems have also been higher thari’8%then applied the 87.4% abatement
potential to each segment’s emissions to comptagahmethane reduction potential of 477,589
tpy from centrifugal compressors, along with co4fén of 69,541 tpy in VOC emission
reductions and 2,240 tpy in HAP emission reductions

*2 The results of this study are summarized in a mprapared by ICF, attachedBs. 2.
*3EPA, Lessons Learned from Natural Gas STAR PartnerstaRieyg Wet Seals with Dry Seals
in Centrifugal Compresss (Oct. 2006), at Zvailable at
http://www.epa.gov/gasstar/documents/ll_wetseals.pd

* SeeEx. 4 at 4-5.

*TSD at 6-5 (Table 6-3).

®1d. (1 — (28.6 tpy/228 tpy) = .874; 1 — (15.9 tpy/1261y = .874).

*" See, e.g.BP and BGECentrifugal Compressor Wet Seals Seal Oil De-Gags&iControl,
presented at 2014 Natural GasSTAR Annual Implentient&V/orkshop,(May 2014) at 19,
available at
http://www.epa.gov/gasstar/documents/workshops/280M//Experiences_Wet_Seal.pBP
measured control effectiveness of over 99% on dagasinit employed on a high pressure
compressor).
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Table 8 Total Emission Reduction Opportunities at Oil ardas Sector Centrifugal
Compressors

Emission Abatement Potential - Replace Wet SealstwDry Seals
Equipment Type % Emissions abated (tons/year)
quip yp Abatement| Methane VOC HAP
Existing Wet Seal Centrifugal Compressors (Proogsdi 87% 131,158.2% 36,461.99 1,377.16
(Transportation) 87% 93,045.53 2577.39 74.44
Existing Wet Seal Centrifugal Compressors (Storage 87% 8,746.71 242.28 7.00
Subtotal 232,950| 39,282 1,459

EPA estimated the control cost for dry seals ortrifagal compressors in the processing,
transmission and storage segments to be $14 ter2dp of methanabated, without accounting
for savings from recovered gas and reduced operatid maintenance coéfsTaking these
savings into account, our recommended measuresiwesiilt in a net profit of $206 per ton of
methane abated in the processing segrfidBecause transmission and storage facilities do not
typically own the gas in their facilities, we didtrcalculate the cost for these segments that
includes the revenue from conserved gas.

iii. Methane Abatement Opportunity for New Compressors fiat Were Not
Regulated in the Final Rule for the 2012 NSPS.

In the final 2012 NSPS, EPA did not set operatiatahdards requiring emission controls for
compressors located at oil and gas wellhéhB&A concluded that such controls were not
necessary because VOC emissions were typicallataivese locationd.Methane emissions,
however, are significant at wellhead compressom,aay regulatory approach that specifically
targets methane should require emission contrdlgeae units.

EPA estimated a total of 6,000 new wellhead recatiog compressors installed each year, with
aggregate seal leak emissions of 947 tpy meth&3etp® VOC, and 9.91 tpy HAB As

discussed above, EPA’'s methane emission redudcimorfof 0.158 tpy/unit for wellhead
reciprocating compressors is drastically lower ttr@nagency’s estimates for similar
reciprocating compressors in other segments ahthgstry and significantly underestimates
emissions from wellhead compressors. Accordingliyttie reasons described above, we instead
use a revised emission reduction factor of 3.4Z&tpypressor for these units. Based on EPA’s
estimates of 6,000 new wellhead reciprocating cesgnrs each year, control measures for these
units will reduce methane emissions by 20,520wpth co-benefit reductions of 3,131 tpy VOC

8 Based off data from Sections 6.3, 6.4 and 6.6@2012 TSD at 6-1 to 6-3 ($40,720 (total
annual cost for wet seal compressors) / 2,810 tgthame = $14 per ton of methane abated). For
the transmission and storage cost ($25), we ugerkthtive emissions abatement for wet seals
Egompressors in the 2011 TSD at 6-24 (Table 6-10).

Id.
077 Fed. Reg. at 49,543.
°H1d. at 49,498.
*2TSD at 6-15 (Table 6-6). The agency estimatedrthatew centrifugal compressors would be
installed anywhere in the oil and gas productiariaeincluding at wellhead sites.
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and 115 tpy HAP. As discussed on page 16 and Iveabltese measures entail a control cost of
$742 per ton of methane abated without accountingevenues from captured gas sales and
$497 per ton when considering these savings.

Additionally, EPA’s 2012 NSPS did not cover new goessors (either reciprocating or
centrifugal units) located in the transmission atutage segments. The agency again concluded
that VOC emissions were typically low at these timres, and that it needed additional time to
consider cost-effective standards for ti@i®nce more, however, it is evident that methane
emissions from these locations are significant@dbe controlled with cost-effective measures.

EPA estimated that there are 199 new reciprocatimgpressors installed each year in the
transmission segment, with a corresponding emissiduction potential of 423 tpy methane,
11.7 tpy VOC, and 0.35 tpy HAP For a rule requiring periodic replacement of ragking
systems at transmission segment units, EPA casmlatontrol cost of $77 per ton of methane
reduced” EPA also estimated that nine new reciprocatingmressors will be installed each year
in the natural gas storage segment, with a correipg emissions reduction potential of 87 tpy
methane, 2.4 tpy VOC, and 0.07 f8fEPA estimated costs of $104 per ton of methamentrol
emission from these unit¥.

The agency also declined to regulate rule new eateentrifugal compressors in the
transmission and storage segments in the final AERS. Using the TSD’s emission factors, as
well as its assumption that 14 new units will betatled per year, we estimate that 1,546 tpy
methane could be reduced by requiring dry sealmsrcapture systems at these compressors, as
well as 43 tpy VOC and 1.3 tpy HAP. The agencynestid the control cost of regulating these
units at $97 per ton of methane reduced, with &tpb$703 per ton when accounting for

reduced operating and maintenance c3sts.

Table 9. Emission Reduction Opportunities at New Compressblot Regulated Under EPA’s
2012 NSPS

P otential Emission Abatement from New Compressors &t Regulated by 2012 NSPS
Equipment Type Emission control factor (tpy/unit) Nur:s‘?vr of Emissions abated (tpy)
Methane VOC HAP devices/Yi | Methane VOC HAP

New Welhead Reciprocating Compress: 3.42 0.043¢ 0.0016! 6,00( 20,52( 3,131 114.¢
New Transmission Reciprocating Compressors* 2].70 0.604 0.0174 199 423 11.1 0.35
New Storage Reciprocating Compressors* 21.80 0.06(4 0.0179 9 87 2.4 0.07
New Transmission and Storage Centrifugal Compres$sol 110.00 3.06 0.09 14 1,54 43 1.3

Subtotall  Emission Abate ment Compounds Each Year 22,576 3,188 117

*Emission Estimates from EPA 2011 TSD, Table 6-&gé”6-15. Wellhead methane factor was adjustediif3stead of .158 as explained in text

**Emission Estimates from EPA 2011 TSD, Table §86-20. Note there is a typo in the EPA table. Gategory labeled Storage, included TransmissidnSaarage. The category labeled

377 Fed. Reg. at 49,498, 49,523.

> TSD at 6-15 (Table 6-6).

*5|d. at 6-17 (Table 6-7). Because transmission anégosystem operators do not own the
natural gas they transport and store, respectittedye are no cost savings associated with the
sale of conserved gas in these segments.

*%|d. at 6-15 (Table 6-6).

*"|d. at 6-17 (Table 6-7).

*81d. at 6-22 (Table 6-9).
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Notably, these abatement figures account onlyHferfirst year that controls would be required at
new compressors. After the second year, the tfadteve emissions reductions would double, as
the new, cleaner compressors installed in they@at would continue to emit less than the units
that would otherwise have been installed. With esddiitional year, these emission reduction
benefits would continue to compound as new equipisdanstalled and the cleaner devices
installed before that year continue to operate.

D. Control Measures for Compressors Not Covered Undethe 2012 NSPS: Anticipated
Emission Reductions Based On 2014 Inventory Data.

EPA’s compressor white paper provides industry-vadepressor activity counts and associated
methane emissions from EPA’s most recent inverfar014, covering the years 1990 to 2012.
This 2014 Inventory estimates total methane emissfimcluding both seal leaks and fugitives)
from existing reciprocating compressors at of 1,868 short tons per year (“tpy®)in 2012,
reflecting an existing device count of 50,24Zhe 2014 Inventory also estimates total methane
emissions from existing centrifugal compressorsliding both wet and dry devices) at 632,194
tpy®! based on a total device count of 1,80Accounting for existing reciprocal and centrifugal
compressors together, the 2014 Inventory estinmetethl of 2,283,562 tpy of methane from
these sources for 2012. Using EPA’s 100-year glalaaming potential (“GWP”) for methane of
21—a highly conservative value, as noted above—etkesssions amount to nearly 43.5 million
metric tons per year G&. The up-to-date GWP figures currently recommerjethe
International Panel on Climate Change (“IPCEpaint an even more dramatic picture,
tabulating natural gas sector compressor emisgiboger 74 million and 180 million metric tons
per year CG@e on a 20- and 100-year basis, respectively.

Using data on the 2014 Inventory as a baselineapptying the emission reduction factors that
we computed based on earlier data (a 63-80% redtuctiseal leak emissions at existing
reciprocating compressors and 87% reduction atiegisvet-seal centrifugal compressors), we
calculate that the recommended measures would eéeshat leak emissions from existing
compressors by 537,479 tpy. Table 10 below breaksdhese reduction estimates for existing
reciprocating and centrifugal compressors.

9 CWP at 20 (Table 3-9) (70,859+15,400+442,634+78:250,225+40,147+5,552 =1,498,111
MT * 1.1023 tons/MT = 1,651,368 tpy).

®91d. (35,930+136+5,624+7,235+1,012+270+37) = 50, 24iprecating compressors.

®11d. (237,724+43,937+232,826+14,972+22,347+6,532+13,7@8649 =573,523 MT * 1.1023
tons/MT= 632,194 tpy).

®21d. (658+248+659+66+70+29+64+7 = 1,801 centrifugal passors).

% The IPCC’s most recent GWP figures for methanmffossil sources are 36 on a 100-year
basis and 87 on a 20-year basis when accountingafbon-climate feedback effec&elPCC,
Fifth Assessment Report: The Physical Science R¥31S), at 714, Table 8-@yailable at
http://www.climatechange2013.org/images/report/WE5AChapter08 FINAL.pdf
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Table 10 Abatement Opportunities from Existing Gas Sect@ompressors (2014 Inventory
Data

, Emissions abated (tpy
Equipment Type Methane | VOC HAP
Existing Reciprocating Compress 304,57! 37,12¢ 1,35¢
Existing Centrifugal Compressors 232,903 45,617 1,699

This total aligns with our conservative estimat&2%$,218 tpy in methane emission abatement
from existing compressors based on data that waitable to EPA at the time of the 2012 NSPS
rulemaking.

E. Summary

We conclude that, in total, the control measuresgcate will reduce methane emissions from
existing gas sector compressors by 525,218 to 39tply and from new compressors by 22,576
tpy. As indicated earlier, we believe that thesereses are conservative in light of the very low
emission factors EPA used in the 2011 Inventortyalemissions may in fact be much higher,
as the 2011 URS/UT study implies.

We used very conservative assumptions as desalmag to avoid debate about the significance
of uncertainty in emission estimates and to avaidraasonably identifiable possibility of
overstating seal leak emissions from compresswen &ith these conservative assumptions, the
recommended measures are warranted, as they redlstantial amounts of emissions of
methane, VOC, and HAPs, while either imposing malioosts or generating a profit. Forgoing
these conservative assumptions would result intanbially lower costs and higher methane
capture rates, only strengthening the case for s regulation of these sources.

Moreover, we used data that either appeared in £FPAD for the 2012 NSPS or was available
to the agency at that time in order to emphasiaeERA already has data available and compiled
that shows that available pollution controls arstedfective, feasible, and will reduce harmful
pollution of methane and other pollutants subsadigtiwe recommend that EPA simply update
the existing TSD materials from 2012 to focus orthaee and include new activity and cost data,
then issue a rule that includes the measures wele@emmended herein.

Lastly, we propose several additional approachesdihane regulation to supplement those we
have already discussed. First, we support EPA’sidemation of requiring piston rod
replacement or realignment/refitting at recipramanpressors on a periodic basis. We urge the
agency to include this requirement in a final tol@ptimize methane abatement. Second, in our
discussion above, we recommend that operatorsojoered to retrofit existing wet seal
centrifugal compressors with gas capture systeaisinect gas from seal oil degassing systems
to compressor suction (or other beneficial useyyitr dry seal systems. Finally, EPA must not
delay a methane control rule that captures the ity emissions by requiring the proven
technologies adopted for some compressors und@0tt2 NSPS while gathering data on other
options. A rule including the recommended measomest be implemented as soon as possible
while EPA explores other opportunities to reducéssimns from natural gas sector compressors.
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F. Responses to Charge Questions

Question 1:We have presented summaries above on the quahstyissions of
methane (and other pollutants) from natural gaspcessors. These estimates, as we
have noted, use emissions data from EPA’s 20128hd Inventories, as well as the
data and analyses that were used to develop theeatbries. We have noted that some
data sources suggest that actual emissions frormpreasor seal leaks may be much
higher than the Inventories indicate, but haveaujtisted the EPA's figures to reflect
those alternate data sources. We there believésthigery conservative analysis

We are not aware of any studies suggesting thatseonis from compressor seal leaks are
overestimated in the Inventories.

In general, the dataset for emissions from compres=al leaks is fairly strong, with a
number of studies confirming that emissions arestguttial over the years. The exception
is for compressors on wellpads, where all analgiesa single measurement of a single
compressor. We have highlighted this problem intiplel places in our comments.

Questions 2 — 51n a general sense, we believe that the whiterpageguately
characterized studies on emissions, the rangebhtdogies for capturing emissions,
emissions reductions from those technologies, apdal and operating costs for those
technologies.

Questions 6 — 8We are not aware of emission capture technoldbatswere not
described in the white paper, specific limitatiemsreplacing wet seals with dry seals, or
any limitation on the use of gas capture systems/& seal compressors.

Question 9: Gas capture systems are generally applicable teeats compressors. A
recent report by BP describe these systems asifjidi broadly flexible, and reliabl&®
Costs for these systems are low, and down timangpallation is short. The design and
operating principles of wet-seals centrifugal coasgors are such that simple
installations, using minimal moving parts and aarcritical orifice approach to
manage pressures, can route gas from degassing tiumompressor suctién.

Questions 10 and 11We have no information on these matters.

Question 12 Studies coordinated by EDF of emissions from ratgas gathering and
processing facilities and natural gas transmisaimhstorage facilities are underway. To
our knowledge, the study of gathering and procesiiailities will not differentiate
emissions from compressor vents (the study willsnememissions from the entire
facility). However, it is possible that this resgamay provide insight on emissions from
COmpressors.

We do not know of any current studies to measuliessams from compressor seals.

% See supran.47.

%qd.
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V. Comments on Pneumatic Devices White Paper
A. Introduction

Pneumatic equipment in the oil and gas industrg psessurized gas to create mechanical action.
In our comments, we focus specifically on pneumeaiatrollers, although the general category

of pneumatic equipment also includes Kimray purBreumatic controllers, or “PCs,” are
automated instruments that control various proceasitions of natural gas, such as liquid level,
pressure, pressure difference, and temperaturey M@s in the oil and gas sector use pressurized
natural gas as their energy source and vent soar@ityuof that gas into the atmosphere in
normal operation. These devices include continyoeslitting devices (either high-bleed or low-
bleed PCs), snap-acting or intermittent devicesglwbmit gas in periodic releases), and no-
bleed devices, which are self-contained unitsidlase gas to downstream pipelines rather than
into the atmosphere. PCs that are powered by sooreesother than pressurized natural gas,
such as electricity, solar power, or instrumentaso do not vent gas into atmosphere.

This section provides an analysis of control messuequiring operators to replace existing high-
bleed and intermittent-bleed PCs with low-bleedickes, Our calculations demonstrate that these
measures would achieve over 507,000 tpy of meteamssion abatement at a control costs
ranging from $25 to $208 per ton exclusive of sgsifrom capture gas sales and reduced
operating costs. Accounting for these revenuessawmithgs, the measures described below would
generate annual savings to operators in oil anghgauction ranging from $270 to over $1000
depending on the type of PC at issue.

In this discussion that follows, we first charaizerthe emissions from PCs according to the best
data available, and then assess the degree ofhadratéhat can be achieved along with the
potential cost of those measures. Next, we carflags number of important considerations

with regard to the Prasino Group’s 2013 study ofdR@issions in British Columbia. Finally, after
summarizing our findings, we address the chargstores included in EPA’s pneumatic devices
white paper.

B. Emissions from Pneumatic Controllers are Substantiaand Underestimated in
Available Data

EPA’s white paper for pneumatic devices includegmne methane emission estimates ranging
from 962,637 short tons per year (“tpy”) (baseddata from EPA’s Greenhouse Gas Reporting
Program (“GHGRP,” or “reporting program®§}to 1,125,369 tpy (based on estimates in EPA’s
2014 GHG Emission Inventory}.The GHGRP estimate reflects only of a subsetddistry

data, since only facilities with calculated emissi@ver the reporting threshold are required
report to emissions. Further, in the gas and aitlpction sector, only devices at wellpads are
required to report emissions; PCs located at gathh@nd boosting facilities do not report data to
the GHGRP. However, while the GHGRP data undereséisithe true emissions from oil and gas
sector PCs, it is nonetheless much more accuratettfe 2014 Inventory estimates of PC
emissions in the oil and gas production segmestdisgzussed in more detail below.

% EPA, White Paper on Oil and Natural Gas SectouRmaic Devices (April 2014)

(“Pneumatics White Paper”) at 20 (Table 2-7). Hared throughout these comments, we convert
metric tons from the white paper to short tonstifier sake of consistency across all segments of
our analysis.

®71d. at 14 (Table 2-3).
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Additionally, unlike the 2014 Inventory, the GHGR#ports emissions separately for high-,
intermittent-, or low-bleed PCs. Below, we explhow we derive our estimates for PC emissions
from the oil and gas production segments, on tleehamd, and from gas transmission and
storage, on the other hand.

i. Emissions from PCs in the Oil and Gas Productiongdeents

Because PC emissions from oil production and gaduymtion are combined in the GHGRP, we
consider these sources together and treat themeasegment for the purpose of our analysis.
GHGRP data make very clear that the 2014 Inverdigmyificantly underestimates PC emissions
from oil and gas production. The 2014 Inventoryorgp PC emissions from oil and gas
production at 848,244 tons of methane (net) in 28}/ Xontrast, the GHGRP data shows
estimates emissions from onshore oil and gas ptimtuBCs at 949,327 tons in 2012. As noted
above, GHGRP data only captures a subset of ems#iom these segments, but for the
facilities that do report emissions to the GHGR&ador PC emissions are superior to those
reported in the 2014 Inventory.

Both the GHGRP and the Inventory use the same mssfactors to calculate aggregate PC
emissions: each study traces back to the 1996 ERWI those values. However, the other
factors used to calculate aggregate emissions-isthadtivity data (e.g., the number of PCs of
each type) and the percentage of methane in thpasition of emitted gas—are certainly
superior in the GHGRP, where each reporter cownttrallers and uses its own gas composition
data to calculate emissions. Furthermore, GHGR® gtresent a far bigger sample of U.S.
facilities than the activity data sampling usedly authors of EPA/GRI study, and is, of course,
more current by over a decade and a half. Likewiseuse of actual gas composition by
individual firms will be more accurate than anyimstte based on an average composition by
NEMS region, the method used in the EPA/GRI stutty the 2014 Inventory. For these reasons,
it is clear that GHGRP data is more accurate tharrtventory’s estimates for the subset of
wellpad PCs that report emissions through the tempprogram. That the GHGRP is more
accurate while capturing only a subset of emissiand reports higher emissions from
production PCs than does the 2014 Inventory, todhdi the fact that the 2014 Inventory
significantly underestimates these emissions.

In 2103, a group of researchers led by David Aflethe University of Texas found that actual

PC emissions are 29 percent and 270 percent higaeithe GHGRP’s emission factors for
intermittent-bleed and low-bleed PCs, respecti¥&jhe measurements in this University of
Texas report (which we refer to hereafter as Aligral) are much more current those that appear
in the 1996 EPA/GRI study, which provide the bésigshe GHGRP emissions factors.

Moreover, Allen et al. measured emissions from over 300 PGsghile the EPA/GRI study

% SeeAllen, et al, Measurements of methane emissions at naturgirgdsiction sites in the
United States, Proceedings of the National Acadeh8ciences 110:44 (Oct. 29, 2013) at
17,768-17,773available athttp://www.pnas.org/content/110/44/17768.full.pdiwh
(supplemental appendices and talatesilable at
http://www.pnas.org/content/suppl/2013/09/11/13@188.DCSupplemental/sapp.pdf

% SeeAllen, et al.,supplemental appendices and tables, Table S2-1.
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measured only around 60 unifddence, for these two reasons, we consider thenAdteal.
emissions factors to be more accurate than thsgellin the 1996 EPA/GRI study. Since
GHGRP data can be separated into emissions fortiiegd, intermittent-bleed, and low-bleed
PCs, we can then correct these data using the acotgate emissions factors from Allenal.
by increasing the emissions from intermittent-blaad low-bleed PCs by 29 percent and 270
percent, respectively. After this adjustment, tetaissions from wellpad PCs that report
emissions to the GHGRP were 1,255,865 tons of methra2012, 48% higher than the value
from the 2014 Inventory. Table 11 below illustrabes revised estimates.

Table 11 Oil and Gas Production PC Emissions Reported teiIGRP for 2012 and Corrected
with Allen, et al.’s Emissions Factors

Bleed type Emissions | Emission Factors | Emissions (Tons
(Tons CHy) (scfh) CHy)

GHGRP GHGRP | Allen GHGRP Corrected
Reported s et al”

Low 45,113 1.39 5.1 165,521

Intermittent 644,295 135 174 830,425

High 259,918 37.3 - 259,918

TOTAL 949,327 1,255,865

ii. Emissions from PCs in the Natural Gas Transmissiand Storage Segments.

While the 2014 Inventory reports 275,005 tons oftrage emissions from PCs in the natural gas
transmission and storage segments, only 13,310aersreported to the GHGRP. As discussed
above, only larger facilities report emissionshte GHGRP; as such, we assume that the GHGRP
is underestimating emissions from transmissionsdochge PCs, since controllers in those
segments tend to be located at facilities thatielibw the GHGRP threshold. Of the two reports,
the 2014 Inventory value is likely the more acoaiedtimate of emissions from transmission and
storage PCs, since the GRI/EPA study on which & based was designed to estimate emissions
from PCs nationwide, rather than simply a subs&@d that covers larger emitters only.
However, unlike the 2014 Inventory, the GHGRP ddiavs for emissions estimates based on
each bleed type of PC. Accordingly, while we useltiventory data as the starting point to
estimate emissions from PCs in these segmentslwen the GHGRP’s ratios of different
bleed-types to apportion the percentage of thosssens attributable to each type of device.

C. The Methane Abatement Potential from Controlling Enissions at High- and
Intermittent-Bleed PCs is Substantial

The pneumatics white paper does not include totdhane abatement estimates, but only
estimates of total emissions from PCs in each segarel estimates of abatement potentials for
individual devices. Below, we present a methodolibgt calculates a methane abatement
potential of approximately 508,000 tons from entiesiontrols at high- and intermittent-bleed

0 SeeEPA/GRI, Methane Emissions from the Natural Gakistry, Vol. 12: Pneumatic Devices
(June 1996), Section 4.1&vailable at

http://www.epa.gov/gasstar/documents/emissions revdi2o pneumatic. pdf

40 C.F.R. Pt. 98, subpart W, Table W-1A.

2 Allen, et al,.supporting information at S-31.
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PCs. The estimates are shown in the table on tlesviog page, and we describe below section
assumptions we used in our abatement computations.

EPA’'s 2012 subpart 2012 NSPS required VOC emissiorrols for PCs at all new oil and gas
production and gas processing facilities. The agestimated emission control benefits of
25,273 tpyVOC, with co-benefits of 90,910 tpy methand 954 tpy HAPS.EPA estimates in
its TSD that the rule would cover 13,647 devicesyear’* However, the agency declined to
issue a concurrent or subsequent rule regulatingséans from existing high-bleed devices,
which currently amount to some 428,000 tons per.{ea

The final NSPS rule also did not apply to interamttbleed (“IB”) PCs, which EPA did not
discuss in detail in the pneumatics white papepitesnnual emissions of around 830,000 tons
from existing device&’ Continuous bleed controllers (including low-blagdts) and IB devices
serve similar, and in many cases identical, purpoBee American Petroleum Institute (“API")
has stated that “[aJchieving a bleed rate of < &8C][i.e.,the average vent rate required of new,
continuous-bleed controllers] with an intermittgaht pneumatic controller is quite reasonable
since you eliminate the continuous bleeding of tradler.””” PCs emitting less than 6 scfh
(including both continuous-bleed and IB devices) serve many of the functions of higher-
emitting intermittent devices, which could therefdre replaced with low-bleed controllers. There
are many applications for PCs, as well as a widetyeof parameters for controller design, such
as pressure, extreme temperature performance nestione, flow rate, corrosiveness of fluids,
and more. As such, there are many controllers thf bontinuous-bleed and IB design on the
market, including many emitting below 6 s¢findeed, the emissions factor for IBs in natural
gas transmission is 2.35 sc¢fhwell below 6 scfh.

Our estimates herein are focused on the additime#hane abatement potential that can be
achieved by converting existing oil and gas seleigin-bleed and intermittent-bleed PCs to low-
bleed devices, a control requirement that showe lneen included in the 2012 NSPS rule but
was not’ We conservatively estimated that 95% of existiihtbleed PCs could be replaced
with low-bleed PCs. While EPA’s Natural Gas STARdam Partners reports that

8 EPA, Oil and Natural Gas Sector: Standards of Perforneafar Crude Oil and Natural Gas
Production, Transmission, and Distribution: Backgnal Technical Support Document for
Proposed Standardguly 2011) (hereafter, “TSD”) at 5-25 (Table 5-12

“1d.

> SeeTable 12jnfra.

8 SeeTable 13jnfra.

" API, Technical Review of Pneumatic Controllers by Daiitipson, P.HOctober 14, 2011),
cited inRebuttal Statement Of The Sierra Club, Natural Resgs Defense Council, Earthworks
Oil And Gas Accountability Project And Wildearth&dians,available at
ftp://ft.dphe.state.co.us/apc/agcc/REBUTTALY%20STATENTS,%20EXHIBITS%20&%20AL
T%20PROPOSAL%20REVISIONS/Conservation%20Group/Coasien%20Groups%20-
%20REB%20Exhibits.pdf

8 For discussion of low-bleed devices, including s@pecific low-bleed deviceseeEPA,
Lessons Learned from Natural Gas STAR Partnersiofgt-or Reducing Methane Emissions
From Pneumatic Devices In The Natural Gas Indu@Dgt. 2006) at 2available at
http://epa.gov/gasstar/documents/ll_pneumatics.pdf

940 C.F.R. Pt. 98, subpart W, Table W-3.

8 As discussed on pages 29-30 below, data availal®A at the time of the 2012 NSPS
rulemaking supported regulations for existing PCs.
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approximately 80% of high-bleed PCs can be replacedtrofitted with low-bleed devicés,
experience in the Denver-Julesburg (“D-J”) BasiColorado suggests that replacing nearly
100% of high-bleed controllers with low-bleed desas feasible. Colorado required operators to
replace existing high-bleed controllers in the arpartions of the D-J Basin in 20869The rule
contained provisions allowing operators to kbagh-bleed controllers in service if they showed
that doing so was necessary for “safety and/orgg®purpose$”No operator requested such an
exemptior?* and there is no evidence in the record that theggirements have caused any
operational problems. Accordingly, we use ColorBdpartment of Public Health and the
Environment’s (“CDPHE”") estimate that 95% of higledd devices can be replaced with low-
bleed units® We use this estimate for oil and natural gas prtidn PCs and natural gas
transmission and storage PCs.

In its March 2014 report co-authored with EDF, lldkernational estimated that 75% of
intermittent-bleed PCs in oil and gas productiomction as dump valves on separators at well
sites and did not recommend replacing these P@slaviter-emitting device®. To set a lower

limit to our calculated abatement potential, we tig figure to estimate that 25% IB units in the
production sector can be replaced with low-bleed PEor the natural gas transmission and
storage segments, IB PCs emit at a very low ratéwae do not consider replacing them in these
calculations.

We used the best available emissions factors ferd?@ach bleed typeto estimate the potential
emissions abatement from replacing high- and inte¥ni-bleed PCs with low-bleed PCs. To
estimate emissions from PCs in oil and gas prodacte use the figures from the GHGRP as
adjusted by the emissions factors from Allenal.,as well as the percentage breakdown between
bleed types from the GHGRP data. For emissions f@w in natural gas transmission and
storage, we use the data from the 2014 Inventadyaasume that the portion of emissions
originating from each bleed type is the same asated in the GHGRP data.

8. EPA,supran. 78, at 2.

8 See5 C.C.R. § 1001-9 XVIII (2009pvailable at
https://www.sos.state.co.us/CCR/GenerateRulePdluti?ersionld=2772&fileName=5%20CC
R%201001-9

1d. § 1001-9 XVIII.C.3 (2009).

8 Email from Daniel Bon, CDPHE, to David McCabe, &ieAir Task Force, 1 November 2013,
attached hereto &x. 3.

8 Colorado Air Quality Control Commissio@ost-Benefit Analysis for Proposed Revisions to
AQCC Regulations No. 3 andFeb. 2, 2014), at 32yailable at
ftp://ft.dphe.state.co.us/apc/aqgcc/COSTY%20BENEFITAGRAL Y SIS%20&%20EXHIBITS/CD
PHE%20Cost-Benefit%20Analysis_Final.pdf

8 EDF/ICF InternationalEconomic Analysis of Methane Emission Reductioro@ppities in

the U.S. Onshore Oil and Natural Gas Industiigkarch 2014) at 3-15vailable at
http://www.edf.org/sites/default/files/methane_casirve_report.pdf

8" We note that it may not be necessary to repladB &C with a continuously emitting low-
bleed device — the replacement can be intermibiertd so long as it emits no more than a low-
bleed device (6 scfh).

% For low- and intermittent-bleed PCs in petroleurd aatural gas production, we used the
Allen, et al. emissions factors (5.1 and 17.4 scfh, respegivebr other PCs, we used the
GHGRP emissions factor (37.3 scfh for high-bleedsatroleum and natural gas production; ).
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The resulting potential abatement is shown in diidets below. In summary, we compute an
emission control benefit of 507,286 tpy of methamigh co-benefits of 96,115 tpy of VOC
emissions and 3,198 tons per year of HAP emis$iohise control cost of these measures ranges
from approximately $25 t0$208 per short ton of rmethdepending on the segment and type of
pneumatic controller being replaced, without actimgrfor profits from the sale of captured gas
or reduced operating and maintenance costs. lfiocaghgas sales and operating cost reductions
are included, economic attractiveness of these umeagmproves; in fact, in most cases, the
control measures will generate positive cash flomoperators. The tables that follow illustrate
the emission abatement potential from these contealsures.

Table 12 Emission Abatement Potential of Converting PC®ifn High-Bleed to Low-Bleed

Oil and Gas . | .
Production 259,918 37.3 5.1 95% | 213161  82%
Gas Transmission 167,754 18.2 137 5% 147 37b 5506
& Storage

Totals™ 360,531 84%

Table 13 Emission Abatement Potential of Converting PC®fn Intermittent-Bleed to Low-Bleed

Oil and Gas

) 830,425 17.4 51 25% 146,75 18%
Production

% The ratio of methane to VOC and HAP is based ervéliues in the 2012 TSD at 5-25 (Table
5-12).
% We do not address PCs in the gas processing seédmeio very low emissions.
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Table 14 Overall Emission Abatement Potential from PC Coolt Measures (tons per year)

Oil and Gas
Production
Segments 1,255,865 29% 359,916 91,944 3,428

Transmission
and Storage
Segment 275,005 54% 147,370 4,171 126

Totals 1,530,870 33% 507,286 96,115 3,554

By controlling 95% of high-bleed PCs and 25% ofRBs, over 507,000 tpy of methane pollution
can be avoided, or about one-third of methane fabhtypes of PCs.

D. Control Costs to Convert Existing High-Bleed Pneumtic Controllers to Low-Bleed
Devices

The cost to replace a high-bleed and intermittéed:d» pneumatic controllers with low-bleed
controller is very modest. Here, we estimate that far retrofitting an existing PC with a new PC
by considering the full cost of the replacementtiaaler. Our estimate is conservative because
we assume in all cases that the existing highettiagicontroller would have continued operating
for another ten years, the full lifetime of the néavice. We do not account for the fact that a
portion of the higher-emitting devices will haveeady reached the end of their useful lives by
the time the replacement is required.

Very recently, the CDPHE estimated the cost ofaeiplg high-bleed controllers in this manfer.
Based on labor and equipment costs of $1,420 peceleeplaced, CDPHE calculated a
replacement cost of $169/yr/device, assuming thstisovere annualized over fifteen years at a
5% interest rat& ICF cited industry feedback in reporting that thiel replacement cost per
device could be as high as $308@s an upper limit, we annualize the ICF figure idvkyears

at a 7% interest rate to arrive at an annual cbotrst of $427/yr/device. These equipment costs
bracket EPA’s estimate in the OO0O0 TSD of $2,554faew low-bleed controlléf.In some
cases, the cost can be as low as $700 per newolient? although the estimates we present in
the table below use CDPHE'’s $1,420 per device 160%/ear) figure as the lower bound. These
costs apply to replacing either a high-bleed armittent-bleed PC with a new low-bleed device.

1 This analysis was not described in the white maper

%2 Colorado Air Quality Control Commissiosypran. 85, at 32.

% EDF/ICF Internationalsupran. 86, at 3-16.

“TSD at 5-14.

EPA and Occidental Oil & Gas Corporatidiiethane Recovery from Pneumatic Devices, Vapor
Recovery Units and Dehydratof®ct. 6, 2005) at &vailable at
https://www.globalmethane.org/documents/eventsaesil@0051006 methanerec_pd_vru_dehy.p
df.
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EPA’s NSPS estimated that converting from a higret|PC to a low-bleed controller would
reduce methane emissions by 6.65 tpy for devicéseiproduction and processing segment and
2.96 tpy for devices in the transmission and s@seEgments We calculate the methane
emissions abatement for replacing an IB PC withvallleed PC to be 2.28 tpy per device based
on the emission factors cited in Allest,al Without considering the increased revenue could
obtain by selling gas that would have otherwisenbamted, the control measures described
above have very reasonable abatement costs 0cb$2Z08 per ton of methane, depending on the
industry segment and the type of controller beeyaced. Table 15 below provides these cost
control figures. These costs per ton of methaneeatent are well below the harm to society
caused by a ton of methane emissions, which EPAcgaists recently estimated at $970 per
metric ton (or $879 per short tof).

Table 15 Abatement Costs for Pneumatic Controller Replacemh

Switch from High- to

Annual Cost per

Methane reduced

Abatement Cost

Low-Bleed Preumatic Device per component ($/short ton)
Controllers Low High ;
($lyear) | ($lyear) ton / year Low High
Oil and Gas Production 6.65 $25.41 $64.21
$169 $427
Transmission and Storage 2.96 $57.09 $144.26

Switch from Annual Cost per | Methane reduced Abatement Cost
Intermittent- to Low- Device per component ($/short ton)
Bleed Pneumatic -
Low High ,
Controllers ($year) | ($fyear) ton / year Low High
Oil and Gas Production $169 $427 2.28 $82.44 8¥A

When accounting for increased revenue from salesmderved gas that would otherwise have
been emitted, CDPHE analysis shows that repladipigibleed controllers with low-bleed
controllers has a negative annual cost (a saviryerf $1,000 per year, assuming a gas price of
$3.50/Mcf)?® We note that these revenues would be availaleecators in oil and gas
production only, since operators of transmissicth storage facilities do not own the gas they
transport or store. For production segment opesatbe payback period for this replacement is
about 14 months. For replacement of an IB contrelieh a low bleed controller, using the cost
figures from the CDPHE analysis but adjusting far $maller emissions reductions and
additional revenues for this case, we calculatesagings of approximately $270 based on the

CDPHE's estimates.

Using more conservative cost and the revenues tinemesale of captured gas and reduction in
operating costs, we still find that conversion frbigh-bleed to low-bleed devices results in net

% TSD at 5-6 (Table 5-2). Using the emissions facfasm Allen,et al. would result in slightly
smaller emissions abatement from high-bleed replace

" SeeMarten,supran. 17.

% Colorado Air Quality Control Commissiosypran. 85, at 32-33.
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savings for production segment operators. The 20E4eport concluded the conversion from a
high-bleed controller to a low-bleed controllergawat a cost of $3,000 per device, resulted in an
overall savings: “Although there are lower costraates from Gas STAR and vendors, this
measure assumed a cost of $3,000 per replacensad ba industry comments. Both options
yield a greater than 90% reduction. This yieldeduction cost of$3.08/Mcf of methane for

replacement of high bleed pneumatics . %°. .”

E. Device Classification Issue in the 2013 Prasino Gup Study

The Prasino Group’s 2013 study of emissions froeupmatic controllers is described in the
pneumatics white paper. However, the white papscrif@ion of the study omits a few key
aspects of the Prasino study. While the 2012 NsR$aking, GHGRP, and calculations
underlying the 2014 Inventory all use an emisstae$or for high-bleed PCs of 37.3 scf/h natural
gas, the Prasino study reports that a “generic-bighd controllers” actually emits only 9.2
scf/h1® Yet the white paper fails to note that Prasinduides a number of PCs in that were
designed to emit below 6 scf/h—and thus considkneebleed units— but were actually emitting
at some level above 6 scf/h:

Devices that were determined to be high bleedieyg lfieed rate >0.17%hr [6
scf/h]) were grouped together in the analysishéf talculated mean bleed rate
was larger than the threshold, the device was dadun the analysis, and if the
calculated mean bleed rate was smaller than tleslibid, the device was
excluded from the analysis for determining a genleleed rate. Certain
controllers that are considered low-bleeding adogrtb WCI or manufacturer
specifications actually bled above the low blegdshold and were therefore
included in the analysi$*

The Prasino Group study results raise an impopwaoiilem: PCs designed to emit less than 6
scf/h are considered low-bleed PCs but may, in it more in real operations in the field due
to factors such as excess wear, installation witbrirect supply pressure, etc. The Prasino results
show that this problem can be common. For exanipéePrasino measurements show that the
Fisher 2680 and L2 level controllers, which havenafacturer specified bleed rates well below
the threshold rate of 6 scf/h, both emit gas atayeerates significantly higher than the threshold.
Prasino measured 32 Fisher 2680 units, which hapeeified bleed rate of 0.044m (1.4 scf/h),
and found average bleed rates of 0.2681(9.5 scf/h)'*® They also measured 48 Fisher L2
controllers, which have a specified bleed rate.060r/h (2.1 scf/h), and found average bleed
rates of 0.264 fith (9.3 scf/h)*

While the excess pollution from these controllera significant concerii; a large body of
evidence, including the 1996 GRI/EPA study and Ga¢Sdata and report$? shows that

% EDF/ICF Internationalsupran. 86, at 3-16.

19 pPneumatic Controller White Paper at 24 (Table.2-9)

1% prasino GroupFinal Report For Determining Bleed Rates for PnetiomBevices in British
Columbia(Dec. 18, 2013), at 15, availabletuitp://scek.ca/sites/default/files/ei-2014-01-final
report20140131.pdf

10214, at 14, 30.

103 |d

1% \We note that the same phenomenon is apparerg ihtfa from Allenet al, which reported
that low-bleed PCs were venting 5.1 scf/h, 270%engars than EPA’s emissions factors predict.
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emissions from high-bleed controllers are typicatiych higher than these rat8$indeed, the
manufacturers’ specifications for high-bleed PGglil in the Prasino study show that many high-
bleed units are designed to emit at far highestdt@he problem of excessively high emissions
from PCs that are designed to emit at very highsrahould not be obscured or made to appear
less severe by averaging emissions from low-bleedrallers emitting excessively alongside
high-bleed controllers.

Because of the design of the Prasino study, ibisappropriate to consider it when evaluating the
merits of replacing high-bleed PCs with low-bleggsPNamely, Prasino included PCs in their
results that would not be targeted by a typicadretio replace high-bleed PCs. However, the
Prasino study does highlight the issue of excesssamns from low-bleed PCs. For example, as
we have discussed, the study showed that the aamiakions from Fisher 2680 and L2 level
controllers are 6.7 and 4.4 times higher than the#cified values. The excess pollution from
these devices suggests that EPA should also beagvey technologies to replace PCs that bleed
any amount of natural gas into the atmosphere, asigiectronic devices. We discuss this further
in our response to the white paper’s charge questio

Finally, we note that Section 2.3.4 of the Pragmoup Study includes a useful discussion of the
errors, uncertainty, and biases involved in devielpthis lower emission factdf® Factors that
may have contributed to a lower emission factoluithe back pressure on the control device
imposed by the meter used to measure emissionsxahasion bias from non-random sampling
location choice, since permission was requiredgmrators to conduct testing. This could have
resulted in directed sampling in areas with legbfileed devices.

F. Summary

Using existing data from the GHGRP and the EPA’$42GHG Inventory, we calculate a
methane abatement opportunity of 507,286 tpy freptacing high- and intermittent-bleed
pneumatic controllers with low-bleed pneumatic colteérs in specified segments of the oil and
gas industry. The cost of this abatement variesdmt segments and for difference pneumatic
controller types, but all of the measures are effstetive using current technology, and
abatement for PCs in oil and gas production geearet profits for operators due to potential
revenue from conserved gas sales.

Additionally, we support EPA’s consideration of raeees that would require operators to replace
continuous bleed controllers with zero-bleed P@#sypowered by instrument air, or solar
powered systems wherever technically feasible. HeweEPA must not delay developing and

The average emissions from low-bleed unit is olighfly below the 6 scf/h threshold, strongly
suggesting that a significant number of the lonedl®Cs measured by Allest, al. were emitting
at rates greater than 6 scf/h.

195 See, e.ghttp://www.epa.gov/gasstar/tools/recommended. htne#imatics

1% For example, third party verification of emissiafsi8—22 scf/h was measured for 148
controllers from three manufacturers in a high-ileentroller retrofit project by Chesapeake
Energy registered with the American Carbon RegiSee
http://americancarbonregistry.org/mount_acr/acb@asreqgistry/projects/chesapeake-mizer-
pneumatic-retrofit-project/ CHES-PNEU-2011-03-31.flifreafter “Chesapeake retrofit project”)
at 31.

197 SeePrasino Groupsupran. 101, at Appendix A.

1% See idat Section 2.3.4.
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implementing a methane control rule that would nexjthe measures described in our analysis
while the agency gathers data on these other aptieidRA must immediately move forward with
rulemaking that requires replacement of all higkell controllers with zero-bleed controllers
when feasible and with low-bleed controllers wheahnically possible, and, as a second and
separate rulemaking step, examine the incremeosaland feasibility of replacing all continuous
bleed controllers with zero-bleed devices, instmina controllers, or electronically-powered
systems.

G.

1.

Charge Questions for Reviewers

The white paper did not adequately describe thsifyaGroup study from 2013. As
explained above, this study averages together emsgsfom low-bleed PCs that emit
methane at rates greater than their operationpdigiBed rates with emissions from high-
bleed controllers, which typically emit at ratesahunigher than those observed at even
the worst performing low-bleed PCs in the studysAsh, the Prasino study, while
raising important issues, is not appropriate faleating emissions of high-bleed
controllers as that term is typically used, ndt appropriate for quantifying the benefits
of replacing high-bleed controllers with lower-etinig) devices.

The variation in measured emissions from PCs adiffesent studies is due in part to
inconsistent definitions of PC bleed types. Fotanse, we have described how the
Prasino study included a significant number of loieed PCs emitting at rates higher
than those specified by manufacturers in theirliHiped” dataset. This approach lowers
their average emissions rate for “high bleed cdietrsy’ significantly.

The white paper described a variety of technologieslable to reduce emissions, but
described some too narrowly. For example, eleatroontrol instrumentation is

described in section 3.1.4. While solar cells mapvjale an excellent source of electrical
power for this type of instrumentation, other opsanclude grid power, which may be
close at hand given the development of oil andmyaepulated areas in recent years, and
power from thermoelectric generat§fr small onsite gas generators. Furthermore,
retrofit kits are available to reduce emissionsrfaome high-bleed PC¥ These options
are not described in the white paper, and the ggemuuld evaluate their availability and
efficacy.

As explained above, we believe that non-emittimpt@logies such as zero-bleed
controllers, instrument air devices, and electralhyacontrol systems should be required
whenever they are feasible. The reports that eanisdrom low-bleed controllers are
higher than expected from manufacturer specificatighe Prasino Group study) and
broad emissions factors (Alleet al) reinforce the need to examine non-emitting
technologies. However, as stated above, EPA mugstaiay a methane control rule that
captures the majority of emissions from oil and ggtor PCs while gathering data on
these non-emitting options. EPA must immediatelywenforward with rulemaking to
replace high-bleed controllers with low-bleed umitsile encouraging or requiring non-
emitting options where feasible.

19 See, e.ghttp://en.wikipedia.org/wiki/Thermoelectric_genematUses
10 For example, Mizer valves used in the Chesapestkefit project.SeeChesapeake retrofit
project at 9.
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5. While we cannot comment on the prevalence of diffetypes of pneumatic controllers
and non-emitting technologies in the field, or ba particular activities that require the
use of high-bleed PCs, we reiterate that the imgussponse to the 2009 Colorado rules
demonstrates that applications truly requiring Hitged PCs are quite rare indeed. While
the 2009 rules allowed operators to request an pti@mfrom the retrofit requirement,
not a single exemption request was received by GbPH

6. We have no response to this charge question dirtres
7. We have no response to this charge question dirtres

8. Given the abundant fuel available at oil and gasifi@s and the wide variety of natural
gas- powered compressors and generators availalbheonarket, instrument air systems
could easily be developed to match the compressedauirements of any facility at a
reasonable cost. However, the great bulk of emissimm pneumatic valve and
controller systems come from the controllers thdwese as opposed to actuators. Given
the advances in electronics, electronic contraiesys should be considered for many PC
applications, and may be more appropriate andtrisldwer emissions than instrument
air systems for many applications given very lowvporequirements of electronics. In
spite of this, EPA and the Natural GasSTAR proghave not summarized the state of
this technology for many years. We strongly urgarttpromptly to do so.

9. We are aware that EDF and the University of Texa<arrently studying methane
emissions from PCs in the oil and gas sector. Waat aware of other ongoing research
on this particular issue apart from this.

V. Comments on the Liquids Unloading White Paper

The vast majority of gas wells co-produce liquidsjuding both hydrocarbons and water. As gas
wells age, gas rates decline and gas velocity eipviil declines to the point that it cannot lift
these liquids, which then accumulate in the weltbaiquid loading can impair gas production
rates or arrest gas flow completely. Once the actated liquids are removed from the wellbore,
there is less backpressure on the gas formatilmyia gas flow to resume, or resume at a
higher rate. For this reason, gas well operatove baen voluntarily investing in methane
abatement technology for many years, with the piyrgaal of improving gas well production
performanceé™*

Liquids accumulation is an extremely common ocaweg and liquids unloading is
correspondingly a common practice. In commentder2011 NSPS proposal, the American
Petroleum Institute asserted that all gas wellslpeimg 90 Mcf of gas (15 BOE or less) or less

1 There are hundreds of Oil and Gas Sector techpidalications written on methods to
increase gas production by optimizing gas wellgigfication. Many of these publications
include economic assessments of improved profitabiThe most efficient location to access
these publications is the OnePetro online librdrgochnical literature for the oil and gas
exploration and production (“E&P”) industry. Onefeatwww.onepetro.orgOnePetro contains
172 technical publications on gas well deliquificatand 846 technical publications on liquids
unloading, 780 papers on plunger lifts, and hurgl@dther papers on other artificial lift
methods for gas wells.
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per day “are either impaired by liquids accumulatio are using a deliquification method to
produce.*? In that comment, API relied on 2009 EIA data tadade that 73% of all gas wells,
or 338,056 wells, fell into this categdr’;?.ln 2012, APl and ANGA surveyed 59,648 wells and,
on the basis of this survey, concluded that in 2@68,609 wells, or 55% of all gas wells,
proactively unloaded liquid¥'

Liguids can be unloaded through a variety of teghes. Most basically, the well can be simply
vented, sometimes referred to as a “blowdown.” gidsl operating configuration has produced
fluids flowing from the well into pressurized swé&equipment. To unload through venting, the
well is instead allowed to flow to a pit or tankadinospheric pressure, removing back-pressure
from the surface equipment. The increased preshffieeential between the formation and the
surface allows more gas to flow at a higher vejoaiid push accumulated liquids out of the well.

A more sophisticated approach is to use a plurifjeAlplunger lift is a simple and common
artificial lift method used to efficiently lift ligid out of a well to optimize gas well production
rates. Use of plunger lift systems can also pro@uce-benefit of methane abatement. The main
practical advantage of the plunger lift systenhet it does not require electricity, and so can be
installed at well sites that do not have powerldnger lift system is powered by the natural gas
pressure that builds up in the casing tubing armunstallation of a plunger lift generally
increases gas production by 10%. Plunger lift perémce can be improved through smart
automation, which can bring the production incrags¢o 20%. The API/ANGA study estimates
that of the 268,609 wells that underwent liquidkading in 2011, 28,863 vented, 174,743 used
plunger lifts, and 65,003 used other artificial fifethods:'®

Plunger lifts are only one of many available ati#i lift technologies—numerous additional
systems can be used as well, including:

» Pumping techniques, such as progressing cavity puhyglraulic pumps, beam pumps,
and electric submersible pumps

* Chemical methods, such as soap sticks

* Gas lift

* Velocity tubing

» Compression

A. Emissions from Liquids Unloading
Liquids unloading through venting or plunger lif@n emit significant methane, VOC, and other

pollutants. Emissions are inevitable for simplendowns. For plunger lifts, although
API/ANGA data indicates that the majority of plundj& installations (79%) have no

112 American Petroleum Institute (APomments to U.S. EPA on Docket ID No. EPA-HQ-OAR-
2010-0505Nov. 30, 2011)available athttp://www.regulations.gov/#!documentDetail;D=EPA-
HOQ-OAR-2010-0505-4266

131d. (citing http://www.eia.doe.gov/pub/oil_gas/petrosystem/aislethtm).

114 API/ANGA. Characterizing Pivotal Sources of Methane Emissfoms Natural Gas

Production Summary and Analysis of APl and ANGAS&USept. 21, 2012pvailable at
http://www.api.org/~/media/Files/News/2012/12-Oa@oBPI-ANGA-Survey-Report.pdf

Y5 API/ANGA at 13-14.
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emissions?® 21% are operated in a way that still releasesemle pollution. The white paper
summarizes the API/ANGA data on liquids unloadingssions together with two other
estimates of national unloading emissions: the 2BH& Inventory and the 2013 GHG reporting
rule data. The 2014 Inventory and GHGRP emissiotofastimates, however, are informed by
the API/ANGA datd!’ The white paper also discusses the evidence Atlah collected about

unloading emissions through direct measuremeng\aral wells.

Table 16 Summary of Liquid Unloading Methane Emissions

API/ANGA | GHGF | GHGRF | Allen
# Wells with Unloading Emissions (total) 65,669 60,810 58,663
plunger lift 36,806| 23,503 32,252
venting 28,863| 37,307 26,411
Total Unloading Methane Emissions 352,366| 301,554 304,651.5
(short tons per year)
Methane Emissions per well (avg, all wells 5.37 4.96 519 | 6.39
w/emissions), tpy
Methane Emissions per plunger lift well with @ 5.58 4.1
emissions, engineering estimate, tpy
Methane Emissions per vented well, engineering @ 4.6 3.4
estimate, tpy
Methane Emissions per well, direct 12.4| 6.39
measurement, tpy

4 API/ANGA do not separate emissions for plunges fiffom emissions from vented wells.
® Total estimated emissions divided by number ofswvel
¢ Different wells than those for which engineerirsgates provided. The GHGI does not

specify which wells were directly measured.

4Data derived from Liquids Unloading Whitepaper EaB}2
®Data derived from Liquids Unloading Whitepaper EaBt4; emission factors estimates for
plunger lift and venting wells are weighted avesagkthe emission factors given for the six

regions.

Although these estimates differ at the marginsy teeeal general trends:

» Total methane emissions from unloading exceed 800yfy. The 2014 Inventory, which
had the lowest estimate of total emissions, coredutiat, as summarized by the white
paper, “liquids unloading emissions in 2012 werglef overall methane emissions

from the natural gas production segme

nt.”

* Roughly 60,000 wells have unloading emissions alhnua
* Approximately half of these wells use plunger ldisd the other half vent.
* Average methane emissions for wells that emit auglly 5 tpy.
» Average emissions for wells that emit despite ugigger lifts are higher than average
emission from wells that unload using blowdownsisTdoes not suggest that plunger

116 API/ANGA estimate that 174,743 wells have pluniies, API/ANGA at 13, but that only
36,806 wells of these wells have emissions assatiaith unloading, id. at 14.
17 Seefootnote “b,” Liquids Unloading White Paper, Tat#lel. The GHGI incorporates region
specific emission factors; differences between GHi@ API/ANGA activity factors for each

region lead to different nationwide averages fdivay factors here.
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lifts fail to reduce emissions: operators are niitedy to have voluntarily installed
plunger lifts on high-producing and high-emittingli8 where uncontrolled emissions
would be much higher than the average emissionpiithger lifts installed reported
here.

Several of the marginal differences in these esémare to be expected. As we have explained
elsewhere, the GHGRP data should, as it does,dadkwer wells than the 2014 Inventory,
given that the GHGRP only collects data from lasgerces.

While the API/ANGA, 2014 Inventory, and GHGRP data in broad agreement, there are many
reasons why all three data sets are likely to Insewative. First, the API/ANGA, 2014

Inventory, and (to a large extent) GHGRP emissamtdr estimates rely largely on engineering
calculations, but it is notable that the GHGRP dksidved from direct measurements is higher
than that derived from engineering calculations.

Second, the survey data underlying emission faetbmates in the API/ANGA and 2014
Inventory is markedly lower than data underlyingpEPprevious estimates, and EPA has not
explained why the data underlying these formenesdts is no longer relevant. Although the
API/ANGA study'’s activity factor estimates are bass a survey of nearly 60,000 wells
covering 18 basins, the study’s emission factameges rest on data from 5,327 wells that vent
during unloading, from an unknown number of bastfiBrior to the API/ANGA study, EPA
estimated emission factors for wells that ventmyitinloading on the basis of prior data from
2,219 venting wells (2,200 wells in the San JuasiBand 19 wells in Big Piney, Wyoming)
regarding frequency of blowdowns, or venting, andieeering calculations of emissions per
blowdown!*® Using these inputs, the 2011 Inventory estimatedraission factor of 27.2 tons
per year per liquid unloading event—over five tintes API/ANGA estimated emission factd?.
Although San Juan and Big Piney data encompasdgdhali the number of wells used in the
API/ANGA study, it appears that this data couldused in conjunction with data from the 5,327
wells in the API/ANGA study. EPA should also requiissit API/ANGA provide location data for
the 5,327 wells used to determine the emissiorisrffat the API/ANGA study, so that any
geographic differences may be analyzed.

118 AP| and ANGA,Characterizing Pivotal Sources of Methane Emissfoms Unconventional
Natural Gas Production, Summary and Analysis of &Rl ANGA Survey Responses, Final
Report (Updated Sept. 21, 2012), Table 6, page 14, Hgjuinloading Emission Estimation
Based on Survey Data. 5,327 wells is the sum ofvitlecounts for plunger-equipped wells that
vent and non-plunger-equipped wells that vent. Tdts number of wells is also found by
totaling the well counts listed in Tables C-1 thgbuC-4 in Appendix C of the report. APl and
ANGA previously released a “Final Version” of tmieport which only listed 5,276 wells in
Tables C-1 through C-4. Some entries in the tabléise previous version were removed in the
later version; other entries absent in the eaviesion appeared for the first time in the later
version. No explanation is given for the changethindata between the two versions.

M9EPA, Greenhouse Gas Emissions Reporting from ¢éheRum and Natural Gas Industry:
Background Technical Support Document (Nov. 20@f),89-90available at
http://www.epa.gov/climate/ghgreporting/documerd§/2010/Subpart-W_TSD.pdEPA’s
previous estimate was based on reports of emisfioms2,200 wells in the San Juan Basin and
19 wells in Big Piney (Wyoming).

120 This represents the weighted average of “Well €ldps (LP Gas Wells)” data from each
reporting region.SeeEPA, Inventory of U.S. Greenhouse Gas Emissions and §i8R0-2009),
(Apr. 15, 2011), Annex 3, pages A-149 to A-153.
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Third, the API/ANGA data may reflect reporting biesd not be representative of all U.S. gas
well emissions. There is not sufficient informatiorthe survey to confirm that data selected by
2012 API/ANGA members for calculation of the emissfactor estimate provides an accurate
representation for liquids unloading emissions s€tbe United States for all wells that have
unloading emissions. The API/ANGA estimates areedams data volunteered by API/ANGA
members. Little information was made publicly ashie about the survey methods, which
companies reported data, or whether the data isgeptative of nationwide emissions.
Accordingly, estimates derived from this self-reépdrdata are likely biased towards lower
emissions and thus conservative.

Finally, the API/ANGA data makes it very clear thgtids unloading emissions can be
extremely high in some basins. Since liquids utilog.emits raw gas, which is often rich in
VOC and has significant amounts of HAP, this cdaafair quality in regions with dense gas
production. For example, one respondent to the ARBA survey reported emissions in the
Rocky Mountain region of over 6 million cubic fedtgasper wellin 2011. Using EPA’s
standard ratios of VOC and HAP to methane for rag; this suggests that VOC and HAP
emissions were 18.5 tons of VOC and 1.34 tons dPAr well per year. Given the high
concentration of wells in some areas (and the tanydéor wells for a single operator to be
geographically grouped for logistical purposesk fuggests that emissions can be very high in
some regions. In the extreme case in the API dasigle operator reported emissions of over
187 million cubic feet of gas in a single yearhe Midcontinent region, which implies 568 tons
of VOC and 41 tons of HAF!

B. Available Control Technologies

Plunger lifts avoid venting by removing liquid fraitme well before liquid loads reach levels that
“kill” the well and halt gas production. If a plueglift is not operated optimally, however, liquid
sufficient to kill the well can eventually accumidalespite the presence of the plunger lift, and in
these cases, the well can be vented for a shaddpef time to generate the differential pressure
needed to resume well liquid removal.

These intermittent periods of venting can be avbig optimizing operation of the plunger lift,
typically with an automated controller. Automatexhtrollers also enhance plunger lift
performance by monitoring wellhead parameters sisctubing and casing pressure, sales line
pressure, flow rate, and plunger travel time toimire manual well venting when the plunger
lift is overloaded. Automated controllers can bedm&mart” to monitor and better time
automation, producing further emission reductiams iacreases in well production.

There are numerous other artificial lift methodattare also common, easy to install and operate,
and can achieve high methane abatement efficierthese methods include: installation of
smaller diameter tubing (velocity string), use ofpression, foam, hydraulic pumps, beam
pumps, gas lift, electric submersible pumps, prsgjke cavity pumps, among other methtis.

121 Calculations based on data listed in API/ANGA datsles. SePetition for Reconsideration
submitted by Peter Zalzal, Attorney, Environmebaflense Fund on behalf of the Clean Air
Council, et al. regarding Oil and Gas Sector: Nesufge Performance Standards and National
Emission Standards for Hazardous Air Pollutantsi®esg at 5-6,available at
Pztzj[p://www.requIations.qov/#!documentDetaiI;D:EP/QFDAR—2010—0505—457.5

Id.
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The white paper omits discussion of several ofdhmsthods of liquids unloading, notably gas
lift. Gas lift re-injects produced gas to reducé&m-hole pressure and increase gas production
rate to lift liquids. Gas lift has several advamtagver other lift methods, including that it can b
used in highly deviated welt&® Gas lift has primarily been used in offshore wdilst is growing

in popularity for onshore applications. EPA shottdisider gas lifts as one of many viable liquid
removal technologies.

Finally, we note that, if venting during liquidslaading cannot be eliminated using plunger lifts
with smart automation (see below), EPA should aersiequiring operators to capture or, as a
last resort, flare gas that would otherwise bee@névhen liquids are being brought to the
surface they must be handled in tanks and thersmaams, such as vapor recovery units, to
capture gas that would otherwise be vented frorstduaring loading operations.

Several liquids unloading technologies are alrgadyalent. According to API/ANGA, over 75
percent of wells that unload are able to do so nitlunloading emissions:

Table 17: API/ANGA Estimates of Unloading Utilizatiotf*

# % (of all wells
of Wells that unload)
Wells with plunger lifts and no emissions 137,937 51.4
Wells with other artificial lifts and no emissions 65,003 24.2
Wells with plunger lifts that have unloading emss 36,806 13.7
Wells that blowdown/vent to unload 28,863 10.7

Thus, according to API/ANGA data, available teclmgyi allows liquids unloading without any
emissions from venting the well. Wells that unlasing blowdowns can apply these
technologies to significantly reduce, if not elimia, their emissions. Moreover, many wells that
currently emit despite using plunger lifts may latkart automated controllers or other
optimizations that would further reduce emissia@ujing smart controllers to wells that lack
them is likely to significantly reduce emissions.

C. Abatement of Emissions from Wells Currently Unloading with Blowdowns

The most common, effective control option for wellsrently unloading using blowdowns is
installation of plunger lifts with smart automation

Capital costs for a relatively routine plunger iifstallation can range from $1,900 to $10,400 per
well. Costs at the upper end include some amourgroédiation for wells, though some wells

will require higher investmenrt® Smart automation can increase the total instafiatbst to

$7,600 to $28,000 per wefl® Annualizing the capital cost over 5 years at 786} imcluding

1Z3gee, e.gLea, J. F., Nickens, H. V., & Wells, MGas well deliquificatior(2011), Gulf
Professional Publishing.; Lea, J.F, and Dunham, Artificial Lift Advances Address
Challenges, Trends In Gas Well Deliquificatidine American Oil & Gas Reporter (2009).
1242012 API/ANGA Survey, p. 13-14.

125 essons Learned — Plunger Lifts at 3-4.

126 Additional costs for smart automation are fromdarss Learned — Fluid Options, Exhibit 9.
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annual maintenance costs of $700 to $1,300 per-#gltoduces a total annualized cost per
plunger lift of $1,300 to $3,800 per well per yeHne yearly cost for a lift with smart automation
(same equipment lifetime and maintenance costs)dyange from $2,600 to $8,200 per well.

Natural Gas Star partners have reported that ptuiitgedecrease gas venting by an average of
600 Mcf per year per welf? This translates to a methane abatement cost weket$91 and
$300 per short ton of methane, not including theeddevenue from selling gas not vented. For
plunger lifts with smart automation, reported abaat ranges from 800 to 1,460 Mcf per year
per well;* for abatement costs of between $92 and $540 jpet t&in, again neglecting the
revenue from selling the gas instead of venting it.

If revenue from additional gas sales is includednger lifts with or without smart automation
quickly become profitable, though the former is mawore so. The gas captured through
emissions abatement provides some revenue—incltldengalue of this gas, at $4 per Mcf,
plunger lifts alone have net abatement costs @ t§%110 per short ton of methane, and plunger
lifts with smart automation have net abatementscobt$120 to $330 per short ton of methane.
Far greater revenues are realized by increasedoveglliction and prolonged well life.

Increased production can be substantial (hundrelliebper day for some wells), but will vary
between wells based on well production and'a€urthermore, plunger lifts can reduce
maintenance and labor costs by reducing the neagdib maintenance (such as blowing liquids
out of the well manually, but also down-hole waskr¢pair damage to wells from the effects of
long-term liquids build-up). These savings canlgasiceed $10,000 per well per yé&rThe
combination of these savings and the increasechvevirFom increased production can make the

economic benefits of plunger lift installation vesignificant'*?

Thus, it is likely that most, if not all, unloadimgnissions from wells using blowdowns could be
abated using plunger lifts or other artificial liftethods. Using a conservative assumption of only
90% control and the 2014 Inventory data, the t@batement potential is 154,451 tpy of methane.

D. Abatement from Wells Already Using Plunger Lifts

For wells that already have plunger lifts instalbked that still have emissions, emissions can
often be reduced by subsequent installation of smdomation. As explained above, smart
automation provides significant emission reducbegond use of plunger lifts that are manually
operated or simply timed to operate on a fixedquerihe API/ANGA data indicates that 79% of
wells using plunger lifts are able to do so withany liquids unloading emissions. If this is
correct, it is likely that many of the remaininglisecould reduce or eliminate their emissions by
installing smart automation or similar optimization

127 essons Learned — Plunger Lifts at 4

281d.at 1.

1291 essons Learned — Fluid Options at 1.

130 essons Learned — Plunger Lifts.

1Blgee, e.g., icat 9.

132 5ee, e.gMarathon Oil Company and the Independent Petroléssociation of Mountain
StatesPlunger Lifts and Smart Automation, EPA Natural G8AR, Producers Technology
Transfer Workshof2008), available dittp://www.epa.gov/gasstar/documents/workshops/2008
tech-transfer/denver3.pdf
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The Natural Gas STAR data summarized above indibateadding smart automation provides
an additional 200 to 860 Mcf per well per year @thane abatement beyond the average
abatement from use of plunger lifts aldfi&200 Mcf, the bottom of this range, is equivalent t
4.16 tpy. This reinforces API/ANGA's indication thaptimized plunger lifts can completely
eliminate emissions, as the 200 to 860 Mcf abaté¢petential encompasses much of the range
of estimated emissions for wells with plunger lift4ore conservatively, other industry data
indicates that smart automation can halve emisdions a well with a plunger lift. BP showed
that 50% reductions could be achieved on approxipna; 200 wellg3*

Natural Gas Star partners estimate that the castdihg smart automation is between $5,700 and
$17,600:* In an industry report specifically looking at thenefits of adding smart automation to
wells, Marathon estimated the cost of a smart aationecontroller at $11,000: $5,000 for the
automatic controller and $6,000 for the cost ofdhimg the smart controller upgrad®. Using

this figure and annualizing over ten years at am@rest rate, this suggests that smart
automation can reduce emissions from wells witmgéu lifts that still vent at an abatement cost
of at most $380 per ton of methane.

We note that the data surveyed in the white papes dot indicate what fraction (if any) of wells
that emit despite using plunger lifts already hewert automated controllers installed. Thus, it is
difficult to estimate the total methane abatemkat tould be achieved by installing smart
automated controllers on wells that lack themoifi@ of these wells have smart automated
controllers, a 50% reduction in liquids unloadimgigsions from these wells represents a 65,573
to greater than 66,117 tpy reduction, using 204énitory and GHGRP data, respectivEiyif

we instead use the 4.16 tpy abatement figure itetiday Natural Gas STAR data, and the counts
of 23,503 to 36,806 wells with plunger lifts witmissions (2014 Inventory and API/ANGA,
respectively), this provides an abatement poteafil7,772 to 153,112 short tons of methane per
year.

E. Responses to Charge Questions

* Question 1:Above, we have provided comments and critiquédnefdata sources for
liquids unloading discussed in the white paper.

133| essons Learned — Fluid Options at 1.

% Pure Automation, IncSmart Automation of Plunger Lift Systems, ExplotingBenefits of
Plunger Automation and Advanced Optimization Teldgies(2010).See alsdMethane to
Markets, Reduced Emission Completions/Plungerdrifl Smart Automation, Oil & Gas
Subcommittee Technology Transfer Workshop, Jan2@0@.

1% essons Learned — Plunger Lifts and Lessons Ldafriguid Options. These values are the
differences in minimum and maximum prices betwdenger lift installation with and without
smart automation.

138 Marathon Oil Company and the Independent Petroléssociation of Mountain Statesypra
n.136.

13" The GHGRP figure is conservative in that it usesemission factor derived from engineering
estimates, ignoring the higher average emissiqmarted in the GHGRP from wells that directly
measured emissions. The API/ANGA data does notitsetf to a 50% reduction estimate
because API/ANGA provided neither an emission faotw a total emission estimate for plunger
lift wells with methane emissions.
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» Question 4:As noted above, the white paper did not discussitle of gas lift to remove
liquids from wells.

* Questions 11 and 12We have raised this issue above. If venting donssrom
liquids unloading cannot be eliminated with pluntiiégs (including smart automation)
and the other technologies discussed here, EPAoastder requiring “end of pipe”
controls to prevent emissions of methane. Giveratlaability of VRUs to capture
emissions from working and flash losses from teaarks direct this gas, that would
otherwise be vented or flared, EPA should considesther VRUs could be used to
effectively capture emissions that would otherviisesented. If that is somehow
infeasible, EPA should consider whether flaringppropriate for liquids unloading
emissions.

VI. Leaks

Leaks (i.e., unintentional emissions) from statmponents at oil and natural gas facilities, such
as tanks, hatches, meters, flanges, valves, canseotgulators, etc., emitted over 2.4 million
short tons of methane in 2012, according to EPAt®nwide estimates in the 2014 U.S.
Greenhouse Gas Inventory (2014 Inventory). Weuntelhere leaks from wellpads (natural gas
and petroleum), gathering compressor stationsgggieg plants, transmission compressor
stations, and aboveground centralized facilitiethénatural gas distribution sector, as all of
these facilities can leak methane excessively aadritigation approach described below is
appropriate for all of these facilitié¥ As evidenced by independent research describeavpel
these figures clearly underestimate leaks from bil&nd gas facilities by a significant margin.

Cost analyses, some of which are described in B8EWhite PaperQil and Natural Gas

Sector Leaks;learly show that substantial mitigation of meth@missions from leaking
components is achievable at reasonable costs tlugeos through mandatory leak detection and
repair (LDAR) programs. However, it is notable ttietse analyses used estimates of leaks from
these facilities that are consistent with the 2Bi4ntory and the information used to create that
document. It is notable that the costs for LDARgrams these analyses present are reasonable
despite the fact that, as described below, thembusidant evidence that leak emissions actually
are significantly higher than reported in the 20ivkentory. Since the emissions abated by
LDAR programs will be higher than calculated, basedhe 2014 inventory, the actual
abatement costs will clearly be lower than thesdstived from these analyses. One important
exception (Carbon Limits, 2013) directly assessedscassociated with LDAR programs
independent of any general estimate of facilitklestes. The Carbon Limits analysis was
designed in a very conservative yet robust marasedescribed below, yet still supports the fact
that LDAR programs can be implemented at reasoraists.

As shown below, LDAR programs reduce emissioneat veasonable costs. As described
below, the Carbon Limits analysis shows that mgntiid)AR programs costs $1,180 per ton of
methane abated at compressor stations and $840mat well facilities. Colorado’s estimates of
the overall costs of their “tiered” program, whéaeilities with smaller potential leak emissions

138 This figures, and figures below on abatement akse include emissions listed as “Fugitives” in the
USGHGI, in addition to leaks from static componeamtscompressors, which the USGHGI does not
separate from venting of leaks through seals orpecessor shafts and rods. Venting of leaks fronssaa
shafts and rods is discussed in the Compressore\Whper.
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have less frequent LDAR surveys, are less, andsidaitted by industry suggests real costs are
lower yet.

Given the harm caused by excessive methane ensssind the availability of LDAR programs
at a reasonable cost, EPA must address methansi@msisrom leaks and require facility
operators to regularly conduct instrument-basekl detiection surveys and repair the leaks that
are identified.

Our comments for the leaks white paper are stradtas follows.

In Section A, we describe critical synthetic comsaduns from reports described in the white paper
— and reports that it do@stdescribe — that inform key questions on emissioascasts of
abatement addressed by the white paper. Theseustrts are: 1) a large body of published
research shows that not only are methane emisBmmsoil and gas are higher than reported in
the 2014 Inventory, but analysis of the natureatfiral gas emissions strongly suggests that leaks
are important contributors to additional methanéssions that are not included in the

inventory’s estimates; and 2) that LDAR programts@se very reasonable.

In Section B, we provide specific comments, claafions, and corrections for the leaks white
paper.

In Section C, we provide answers to some of thea@eh@uestions for Reviewers.
A. Critical Synthetic Conclusions

i. Methane Emissions from Oil and Gas are Underestimatd by the 2014
Inventory, and Available Evidence Implicates Leaks

As discussed in part 11.B above, a number of topstistudies have been published since 2000. A
study by Brandet al, published this past winter Bciencaeviewed over a dozen of these
studies. Brandet al conclude that “measurements at all scales shaiofficial inventories
consistently underestimate actual [methane] emissiwith the [natural gas] and oil sectors as
important contributors*®* The inventories’ underestimate is substantialnBtat al. estimate

that the 2013 Inventot{f underestimates methane emissions from all U.Sceslby 25 — 75%,
and show that oil and natural gas systems musuatéor much of this underestimate. Brandt's
central estimate for the methane emissions notiegpin the 2013 Inventory, 14 Tg per y&Hr,

is almost twice as large as the 2014 Inventoryrédar all methane emissions from both oil
production and natural gas systems, 7.7 Tgly. Wtitecertainly possible that other sectors aside
from oil production and natural gas systems alsih more methane then the Inventory reports, it
is certain (due to measurements in oil and gasywmind regions, and isotopic and chemical
analysis of the observed methane and other hydvorampresent in the air) that oil and gas

139 A.R. Brandtet al, (2014) “Methane Leaks from North American Nat@as Systems Science343,
733,available athttp://www.novim.org/images/pdf/ScienceMethaneld@214.pdf.

140 Brandtet al used the 2013 Inventory, the latest version efittventory available in final form at the
time their analysis was performed, as the basibaif comparison. The 2014 InventaaducedEPA’s
estimate of emissions from natural gas systemtghesanderestimation of methane emissions documented
by Brandtet al. has actually become slightly more severe.

141 See Brandet al, (2014), at figure 2.
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systems contribute significantly to these unacoadHfibr methane emissions. For example, a
study published since the Braradtal review was completed reported that 2012 methane
emissions from oil and gas operations in Coloraf@aver-Julesberg basin were almost three
times higher than predicted by the 2014 Inventéry.

It is very likely that leaks account for a sign#id portion of the excess methane emissions from
oil and gas facilities. As noted by Braradtal., analysis of individual leak measurements from oi
and gas facilities consistently shows skewed thistions with a very small numbers of sources
having highly disproportionate emissions, thus aotiog for a large percentage of total
emissions. For example, the Clearstone Il studsresiced in the white paper found that 58% of
the identified fugitive emissions from over 75,0@@nmponents at five gas plants was emitted by a
total of just 50 leaks and compressor s&4lK.is very likely that studies such as the GRI/EPA
(1996) study have sample sizes too small to sefiity represent the emissions from these high
emitters** Furthermore, the Correlation Approach used byGR&/EPA study will often be
inaccurate for very high emitters because Methodc2&ening instruments will be unable to
measure the levels beyond a certain valee, (peg,” a term used because the needle on an
analog meter would hit a peg on the top of theegc#ithat occurs, the default values for
emissions correlating with pegged screening vahikkde inaccurate and thus the GRI/EPA
study likely underestimates these emissions.

B. Costs for LDAR Programs are Very Reasonable

The leaks white paper does not adequately dessoipe of the recent analysis of the costs
associated with abating emissions of methane arat air pollutants with LDAR programs.

While the leaks white paper does describe the dtydyarbon Limits, “Quantifying Cost-
Effectiveness of Systematic Leak Detection and Réfragrams Using Infrared Camerd$>”
important aspects of the study design and reswte wot described.

The Carbon Limits study was conducted using a databf detected leak sizes and repair costs
from surveys conducted by two firms that provideARBDsurvey services to the oil and gas
sector. It is important to note thiese surveys were predominantly repeat survidys facilities
had been subject to rules (in Canada) requiring RBAIrvey for some years. The rules allow use
of OGI, and in general operators use OGI for susvég a result, the leak rates found during the
survey were lower than would be found during susvefymost facilities in the U.S. where LDAR
programs have either not been required under stdeleral rule$® or implemented voluntarily.
Accordingly, the volume of methane emissions abatdmalculated from these surveys is less
than it would be in an area without LDAR programpiace. As such, the costs per ton of

142G, pétroret al, (2014) “A new look at methane and non-methardrdgarbon emissions from oil and
natural gas operations in the Colorado Denver-ButgsBasin,”J. Geophys. Res. Atmd4.9,
doi:10.1002/2013JD021272

143 5ee Clearstone Il study, Table 2.

144 Brandt et al. (2014).

145 The leaks white paper cites a pre-publicationiversf the Carbon Limits study that was postedremli
in late 2013. The Carbon Limits study has sineentfnalized and is available at
http://www.carbonlimits.no/PDF/Carbon_Limits_LDARIfp

146 \ith the exception of gas processing plants, whNSES Subparts KKK and OO0OO do require LDAR
for facilities installed after 1984.

45



pollution mitigation presented by the Carbon Linm#port are overestimates of the true cost per
ton of avoided pollution from LDAR programs morengeally speaking.

Nevertheless, the costs presented in the repostilireery low. For less-frequent surveys, the
value of conserved gas is larger than the costeoftirveys and repairs, so the abatement cost is
negative (meaning the facility owner earns more egdnom increased sales than it spends). For
more frequent surveys, which are appropriate faeafacilities and justified to prevent
emissions, costs are positive but still very reabtm

Table 18: Emissions net abatement cost ($ / metric ton) cAROprograms

Survey Frequency
Facility Type Annual =l Quarterly | Monthly
annual

Cost of Leak Detection and Repair per tonne of V@Ratement
Gas plant -256 -108 187 1,365
Compressor station -287 45 708 3,357
Well site & well battery -429 -148 412 2,647

Cost of Leak Detection and Repair per tenof CO2e abatement
Gas plant -6.3 -2.7 4.6 34
Compressor station -4.5 0.71 11 52
Well site & well battery -5.9 -2.0 5.7 37

The leaks white paper also omits several releviaalyaes of the cost-effectiveness of LDAR
programs that were entered into the record duréliperations over Colorado’s new regulations
on emissions of methane and volatile organic comgs{vVOC) from oil and natural gas
facilities. The Colorado Department of Public Heand Environment (CDPHE) estimated that
the rule, which requires LDAR at frequencies detead by the potential emissions from a
facility, would have a cost for compressor statioh$474 per short ton of methane and ethane
emissions abatement and $994 per short ton of i@i€sions abatemefit’ Estimated costs for
tiered LDAR at wellpads are $805 per short ton eftmane and ethane emissions abatement and
$1259 per short ton of VOC emissions abaterf@i@DPHE also provided data on the costs of
inspections and repairs that are quite similahéodost data reported by Carbon Linfts.
Additionally, CDPHE found that repair costs aresl#san the value of the gas that is conserved
by the repairs, consistent with the results ofGaebon Limits study>°

Several oil and gas producers supported Coloradtég® submitting data based on their own
experience performing LDAR surveys during the rud&mg process. These data demonstrate

147 Cost-Benefit Analysis, Submitted Per § 24-4-108(2C.R.S. Table 33 (hereafter “Colorado Cost-
Benefit Analysis”). Available at:

ftp://ft.dphe.state.co.us/apc/AQCC/COST%20BENEFIDHRALY SIS%20&%20EXHIBITS/CDPHEY
20Cost-Benefit%20Analysis_Final.pdf

18d, table 35.

1491d, pages 17-27.

13014, pages 21-22.

31 Finley, Bruce. “Colorado pitches new rules to@iliand gas industry air pollution,” The Denver Bos
11/18/2013. (available atttp://www.denverpost.com/environment/ci_24548383fpsed-colorado-air-
pollution-regs-clamp-down-gil
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that firms are able to perform LDAR surveys for el@wer costs than were reported in the
Carbon Limits study.

Cost per Inspection
Facility Type o Anadarko Petroleum Noble Ener
Cammozm [LImits Corporation® Incorporate%:’ngg
Compressor Station $2,300 $1,250 — $5,150
Multi well batteries $1,200
Single well batteries $600 $450 - $800 $263 - $431
Well site $400

C. Charge Questions for Reviewers

* Question 1. We have addressed this question above in PartwitlBspecific comments
on the white paper.

* Question 2. As the white paper describes, emissions estimatdhd GRI/EPA study,
which is the basis for most of the emissions infation in the inventories, were made
using the Correlation Approach. Furthermore, threatation equations used were
derived from measurements carried out at facilgigsh as refineries, processing plants,
and oil and gas production facilities. It is natan that these correlation equations are
appropriate for natural gas facilities that mayrape at different temperatures and
pressures, and that handle fluids of different props (such as viscosity) than oil
refineries.

Modern leak quantification techniques, such aHikElow sampler used in the Carbon
Limits study, Allenet al, and the Fort Worth AQ Study, offer a far moreedir
guantification of leak emissions and should be usagstimate emissions whenever
possible.

As noted in section one of these comments, itdahointing that the leaks white paper
fails to describe or acknowledge the large bodwardk that demonstrates that methane
emissions from oil and gas facilities are subs#dlgthigher than estimated in the 2014
Inventory and indicates that leaks compose a sogmif fraction of those additional
emissions.

» Question 3. Thedirectemissions quantification methods described inghijser, such as
using a Hi-Flow sampler, can be used at oil andogaguction facilities, as well as at gas
gathering, processing, and transmission facilitiegddition, they can also be used at
aboveground natural gas distribution facilitiesstsas city gates, metering and regulating
stations. It is disappointing that EPA has, withexplanation, not discussed the
substantial leaks from those facilities in this @tpaper. Such emissions amount to

15%tp://ft.dphe.state.co.us/apc/aqcc/PRESENTATION $iE#620E nergy%20Inc%20&%20Anadarko%20
Petroleum%20Corporation/Anadarko.pdf

5%tp://ft.dphe.state.co.us/apc/aqcc/PRESENTATION $IK#620Energy%20Iinc%208%20Anadarko%20
Petroleum%20Corporation/Noble.pdf
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420,000 tons of methane per year, according t@®id Inventory, not including leaks
from underground pipelines or customer meters.

As we have noted above, the indirect CorrelatioprApch may be less applicable at
some facilities, particularly if correlation equais were derived with data from facilities
handling different fluids under different conditmrDirect measurements are preferred.

From conversations with representatives from ingustith LDAR service firms, and
from public discussion during the process to dgveled consider the recently passed oil
and gas regulations in Colorado, it is very cléat the OGI method is the dominant
methodology in use by industry today, and is usedessfully at a wide range of
facilities, as has been documented by GasSTAR.

Question 4. As concern has risen over the identified harm t@aality from emissions
from oil and gas facilities, particularly in the stern U.S., researchers have responded
with a range of measurements and studies of ems$iom this sector. As described
above in Part VI.A, these studies have consistentlicated that emissions are higher
than reported in the inventories, and thereforetttmdamage from these emissions to
climate and air quality is more substantial thatidated by the inventories.

Numerous studies that will improve our understagdihemissions of VOC and methane
from oil and gas facilities are currently underveayplanned. However, it is critical to
note thathe record establishes that even based solely oniggmtes from the 2014
Inventory, substantial emissions from leaks can bmitigated at reasonable costs
using LDAR surveys It is challenging to quantify precise emissiorti this sector, but
it is abundantly clear that they are excessivalgdand can be reduced affordabBPA
must not delay measures to reduce emissions on thasis of continued efforts to

study emissions.

We are aware of a number of studies underway omgld to quantify emissions. For
example, studies are underway across the industiydntify emissions from particular
facility types or components/processes, such asttlties of wellpad emissions,
processing plants and gathering facilities thattadinated by Environmental Defense
Fund. The University of Wyoming is currently deplay the OTM 33A methodology
developed by EPA, described in section 2.9 of thi#enpaper, to measure emissions
from significant numbers of wellpads to understtmaldistribution of their emission
rates. And, the University of Colorado and partragesplanning extensive measurements
in the Denver/Julesberg basin this summer.

These studies will improve the understanding ofssrans from oil and gas operations,
but will not perfect it. Given the clear data icaling that leak emissions are substantial
and can be controlled at a very reasonable co#, st move forward now to address
the excessive emissions from leaks.

Question 5. The predominant reason the emissions vary widely fiacility to facility

is the variability in the management approach effttility operators. As discussed
above in section one, super-emitters are a crisicafce of excess emissions.
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Consider this data presented in and calculated fhenClearstone Il study of emissions
from gas processing plants:

Leaks / Component
Component Fugitive  Value of Leaks from  Fraction of  plant leak
count for Emissions Leaking top 10 leaks leaks from throughput frequency
Plant  plant (Mcf/day) Gas* (Mcf/day) top 10 leaks (%) (%)
1 22290 271 $757,000 78 29% 0.05
2 12330 23 $75,600 13 57% 0.01 0.74
3 18353 117  $613,000 53 45% 0.09
4 16687 69  $194,000 60 87% 0.15 1.34
5 4778 423 $1,297,000 317 75% 0.48 9.31

*Based on the price of gas at time of the surv8ysl6/MCF).

The very high emissions from Plant 5 illustratet s@me facility operators choose not to
properly address leaks at their facilities, desiiieesubstantial value of product that they

lose by neglecting to do so. Plant 5 did handle gas, which creates more corrosive
conditions, but so did Plant 4, which had a lea& kass than one-third of Plant 5 and a
leak frequency (fraction of components leaking)utseven times lower than Plant 5.

Other factors certainly contribute to the leak i@téhese facilities. As operations get
more complex (for example, handling oil and gas@®osed to simply dry gas),
component counts increase and leaks may thereforease. Nevertheless, the
overriding factor is clearly the attention of ogera to reduce leaks.

Question 6. This paper identified all technologies we knowrtiseoperationallyin the
oil and gas sector to identify leaks. As notedvah®Gl is currently the dominant
method to identify leaks, and has been shown t@&ffioedable and very effective.

Question 7. As mentioned above, OGl is currently the dominaethad to identify
leaks, and has been shown to be affordable andeffargtive. OGI identifies over 90%
of the leaks that can be identified using Methodezhniques such as the TVA, for
example*>* CDPHE found that the costs of using OGI to surégcility for leaks are
roughly half of the costs of using Method 23while Clearstone Il found that OGI
screening is about three times faster than Metlio@2 noted in the leaks white paper.
Finally, OGI has advantages in the screening ofpmorants that are challenging to
access, and for screening surfaces, such as pipand tanks, for corrosion leaks.

Question 8. As noted above, OGl is currently the dominant mettwoidentify leaks, to
our knowledge, across segments of the naturalnglasiry. One exception is in
distribution, where the vehicle-based sensors diiin section 3.1.4 are in use for

134 Based on Clean Air Task Force and Environmentééise Fund analysis of data from the Ft. Worth
AQ Study.
15 Colorado Cost-Benefit Analysis at 20.
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monitoring and LDAR, but this is focused on detagtieaks from underground pipelines.
We are not aware of routine use of other methodh, ttve exception of Method 21
approaches where required (newer gas processints pfaincipally).

* Question 9. Industry is currently performing LDAR surveys imnse geographic areas at
frequencies ranging from annual to monthly. Anrsialveys are performed at wells
under Alberta regulations, and at new or modifiedl ¥acilities in Pennsylvania and
parts of Wyoming, for example. Some companies lastéuted annual LDAR with OGI
as a voluntary measure. To achieve greater emsségluctions, LDAR is performed as
frequently as monthly by some firms in Wyomif1§.

Given the damage caused by air emissions frormdilgas facilities, annual LDAR will
be too infrequent for many facilities. We suppbs tiered approach taken in the recent
Colorado regulations, where the frequency of im&ntal LDAR was based on the
potential leak emissions from the site. Howeveg,@wlorado regulations allow smaller
well production sites to only perform LDAR a singiime. Any leaks that arise after the
single LDAR survey will not be found under the riegion and may continue
indefinitely. Given the large emissions possibtarsingle super-emitters, and the very
large number of small facilities, this exemptioarfrregular LDAR for small facilities is
not appropriate.

» Question 10. Ambient / mobile monitoring is an exciting techngyathat may enable far
more frequent monitoring of oil and gas facilitfes leaks at reasonable cost. However,
the methodologies for these technologies as rds¢acbniques in the field are still being
worked out. Efficacy varies with weather (espegialind), site layout, and context. It is
not clear how they could be deployed in some loaatisuch as very hilly or wooded
areas, or sites near buildings. Furthermore,ribtsat all clear how compliance with an
LDAR survey requirement using ambient / mobile nhomng could be assured. There
would be many ways to avoid identifying actual leaking these methods.

* Question 11. The Carbon Limits study was able to directly corepidie costs of
repairing leaks to the value of the gas conseryedbing so, using real data from
thousands of surveys, finding that the net pregaluie of repairing the leak is almost
always positive. CDPHE made a similar finding usangjfferent methodology and data.
LDAR survey cost is low but the Carbon Limits studpd other data, suggest that when
LDAR is performed at reasonable frequencies (qugree monthly), the total LDAR
program does have positive, but reasonable, costs.

* Question 12. The most critical goal of LDAR programs must begduce emissions
from leaks, rather than quantifying them. We badiévat it is not necessary under the
NSPS program to require that the size of leaksuaamtified (in concentration or
volume), since it will often be faster and far slergo simply fix them. Records should
be kept of the existence of leaks, so that regrdatan verify compliance and so that
facility operators can identify equipment thataalting repeatedly to address root causes.

16 For example, Encana monitors 170 well productamilities in Wyoming’s Jonah field monthly with
OGl. See
ftp://ft.dphe.state.co.us/apc/aqcc/PRESENTATION8482%200il%20&%20Gas%20USA%20%28Enca
na%29/Encana%20REB%?20Presentation.pdf.
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However, operators that repair leaks immediatelyithin a period of a few days should
not be required to quantify leaks.

Any leaks that are not repaired within a few daysinibe measured to ensure that
damage from the ongoing leak is quantified, anthabregulators can consider those
emissions when evaluating any request for an exemfrom repair requirements due to
claims of infeasibility, etc.

* 13. We believe that LDAR technology will advance subgtdly in the future and are
aware of public and private efforts to promote theselopment. This is exciting since
new technology may enable far more frequent, aet eentinuous, monitoring of oll
and gas facilities for leaks at reasonable cosiguRitions / Regulators should ensure that
new technologies can be adopted to improve enviemtah performance once they are
demonstrated. Even under very optimistic assumgtiose of these more advanced
methods and technologies is several years awaygigad the proven, low-cost
performance of technologies such as OGI, EPA mutstielay addressing leaks from oil
and gas facilities in anticipation of some futwrehnology.

VI. Oil Wells

A. Oil Wells Produce Gas, Which Can Be Managed by Capte or Combustion

Oil wells produce oil, natural gas, and formation water. The amount of gas that is
produced along with the oil is a function of the reservoir type and depth,
hydrocarbon type, well age, and the pressure and temperature changes that occur as
the oil and gas reach the surface processing equipment. Gas oil ratios will increase
over time as wells age. As is true of natural gas generally, gas produced in
association with oil wells is primarily methane, but includes VOCs and some other
chemicals as well.

Oil reservoirs are classified according to fluid type (heavy oil, black oil, and volatile
oil), with lighter oils having higher gas-oil ratios.1>7 Dry gas wells do not produce
associated liquids at the surface (although very few wells produce truly dry gas).

Table 19: Associated Gas Volumes per SPE Handbook

Initial Dissolved Gas Oil Ratio (scf/bbl)

Min Max

157 Lake, L., Petroleum Engineering Handbook, Society of Petroleum Engineers, 2007, Volume V(B),
Table 9.1, V-897.
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Heavy Oil 0 200
Black 0il 200 900
Volatile Oil 900 3,500
Retrograde Gas Condensate 3,500 30,000
Wet Gas 30,000 100,000

This gas is brought to the surface during all stages of production, including
completion, recompletion, and operation of an oil well. For every stage, gas can be
dealt with in one of three ways: it can be vented, combusted, or captured. Venting
releases methane into the atmosphere, causing harmful pollution as well as creating
potentially explosive vapor levels. To flare, gas is routed away from the well
operations to a combustion device that burns the gas. Flaring destroys methane,
VOC, and many other pollutants, and resolves the explosive vapor problem. Flaring
also generates air, light, and noise pollution, and creates economic waste by
combusting gas that could otherwise be collected and sold. Capture is therefore
generally the most preferable option. Captured gas can be routed to a pipeline and
marketed, used productively onsite, or re-injected into the formation.

While flaring is preferable to venting, EPA should take all available steps to limit
both. Many other regulators have led the way, adopting regulations to limit both
venting and flaring of gas associated with oil production. For example:

* (Colorado Rule 912 prohibits unnecessary or excessive venting or flaring
from a well. Flaring may be required if necessary to protect public health,
safety and welfare.158

* Montana requires VOC vapors (including methane) greater than 500 British
Thermal Units (BTUs) per cubic foot from wellhead equipment with the
potential to emit 15 tons per year or greater, to be routed to a control device
(such as a flare), or to a pipeline for sale.159

* Alaska requires operators to minimize amount of gas vented and flared to
only that needed to handle an emergency, operational upset, or safety

158 Colorado Oil and Gas Commission, Rule 912.
159 Montana Administrative Rules § 17.8.1711.
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situation, and requires the amounts of vented and flared gas to be
tracked.160

* Internationally, the Global Gas Flaring Reduction Partnership found that
“Many regulatory regimes (e.g., Alberta (Canada) and the United Kingdom)
require each operator to make an economic evaluation of all the available
associated gas utilization options, and to utilize the gas whenever gas
utilization is shown to be economic. Only if all available options can be
shown to be sufficiently uneconomic then the gas may be flared or, if
unavoidable, vented. In Alberta (Canada), uneconomic means projects with
Net Present Values less than minus 50,000 Canadian dollars.”161

These regulators have demonstrated that emission of associated gas can be
controlled, but most states do not have analogous regulations. Other states, such as
North Dakota, have not taken sufficient action to address venting and flaring, with
extensive emissions as a result. As the materials discussed in the white papers show,
existing regulations have not solved the problem.

B. Gas Emissions During Oil Well Completion

As summarized in the whitepaper, recent studies indicate significant emissions from
oil well completion.

i. Oil Well Completion Emission Factor

Table 20: Summary of Oil Well Completion Emissiongcorrected)

Average Uncontrolled Methane Emissions
Study
(short tons/completion)
ERG/ECR (7 day flowback) 24
ERG/ECR (3 day flowback) 7.7

160 Alaska Oil and Gas Conservation Commission, Alaska Administrative Code 20 AAC § 25.235(d).

161 Global Gas Flaring Reduction Partnership, Guidance on Upstream Flaring and Venting Policy and
Regulation, March 2009.
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EDF/Stratus Analysis of HDPI (Eagle Ford) 27.2

EDF/Stratus Analysis of HDPI (Wattenberg) 10.5
EDF /Stratus Analysis of HDPI (Bakken) 19.8
EDF/Stratus Analysis of HDPI (weighted

average) 17.3
EDF analysis of GHGRP data 24
Allen 213.3
Brandt et al. (Eagle Ford) 100.2
Brandt et al. (Bakken) 34.4
Brandt et al. (Permian) 34.3

This table corrects the one included on page 44 of the oil whitepaper, which listed
metric ton values for Brandt et al. but short tons for the other studies.162 We have
also included the weighted average from the EDF/Stratus analysis and the estimate
from the EDF analysis of GHG reporting program data.163

The values given by these studies are conservative in many regards.

The ERG/ECR authors identify three oddities in their data set, “The net effect of
[which] is that the average daily gas production values may be skewed low.”164 An
additional factor not identified by the authors is that the study uses a narrow
definition of “oil wells,” including only wells with a gas to oil ratio of less than
12,500 scf/barrel.165 In general, wells with higher gas to oil ratios will have higher
completion emissions. This is particularly pertinent here, because there may be
many wells that are not “oil wells” for purposes of the ERG/ECR study but that also
are not “gas wells” within the scope of the 2012 NSPS. The 2012 NSPS only regulates
emissions from completion of “gas wells.” Gas wells are defined as “onshore well[s]

162 We further note that in discussing Brandt et al. on page 19, the whitepaper uses the incorrect
conversion factor of 1 metric ton = 1.02311 short tons. The correct ratio is 1:1.102311. The short ton
values in Table 3-7 are derived using this improper value. This appears to be a typographic error,
however, as the whitepaper appears to have used the correct ratio elsewhere.

163 Summarized in the EDF/Stratus analysis. EDF, Comments on “Draft Inventory of U.S. Greenhouse
Gas Emissions and Sinks: 1990-2012,” available at
http://blogs.edf.org/energyexchange/files/2014 /03 /EDF-Comments-Draft-2014-GHG-
Inventory_031014.pdf.

164 A5,

165 A-3.
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drilled principally for production of natural gas.”166 While we contend that the
definition of a gas well should be interpreted broadly, we note that Texas, Alaska,
and New Mexico (for example) use a gas to oil ratio of 100,000 scf/bbl as the
dividing line between gas and oil wells.167.168169 Thus, there are many wells that are
likely to have high completion emissions, that are excluded from the ERG/ECR
study, but that might not be regulated under the 2012 NSPS.

Similarly, the summary data provided for Allen et al. is only for three of the four
surveyed wells with a gas to oil ratio under 12,500 scf/barrel.

The EDF/GHGRP is conservative insofar as it is derived from GHGRP data; the
GHGRP and Allen et al. studies are conservative for the reasons stated on in part V.A
above.

Finally, we consider EDF/Stratus and Brandt et al. to be conservative in their
assumption that during completion, oil and gas production gradually increases until,
on the final day of completion, production hits the well’s initial production rate.
Brandt et al. assume a linear increase in production over 9 days of completion;

EDF /Stratus assume non-linear ramp up of 7-10 days, equal to 3 days of production.
Wells typically hit their highest levels of production during completion and
production then declines; thus, assuming that production peaks only on the last day
of completion is conservative.

We also note that these values are consistent with what would be expected based
gas oil ratios and production. For example, Allen et al. observed production of an
average of 1,713 barrels per completion from the four < 12,500 scf/barrel wells in
the study.170 At 1,713 barrels per completion, even for a well with a gas oil ratio in
the for black oil range (550 scf/barrel), and using the 2011 TSD’s estimate that the
gas produced from oil wells is 46.7% methane, one would still expect to 9.2 tons of
methane to be produced.

Recompletion emissions will likely vary according to many factors including
reservoir drive mechanism, gas production and decline rate, method of
recompletion, and others. Very little data exists on recompletion emissions. Notably,
the gas-oil ratio increases as oil wells age and evolving stimulation methods can

166 NSPS Subpart 0000, § 60.5430.
167 Oil and Gas Division, Texas Administrative Code, Title 16, Chapter 3, Rule § 3.79.

168 Alaska Oil and Gas Conservation Commission, Definitions, Alaska Admin. Code Title. 20, § 25.990
defines and oil well as well that produces predominantly oil at a gas-oil ratio of 100,000 scf/bbl or
lower, unless on a pool-by-pool basis the commission establishes another ratio.

169 Oil and Gas, New Mexico Administrative Code Title 19, Chapter 15, January 2013. Regulations
define an oil well as “a well capable of producing oil and that is not a gas well as defined in Paragraph
(6) of Subsection G of 19.15.2.7 NMAC. A gas well is defined as a well with a GOR of 100,000 scf/bbl.

170 Whitepaper Table 3-6.
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result in recompletions that significantly boost production. We therefore support
the use of completion emission factors as an estimate of recompletion emissions.

In light of these studies, it is clear that the oil well completion and recompletion
emission factors used in the 0000 TSD and the GHGI are too low. The 0000 TSD
estimated only 0.0074 and 0.0011 tons of methane per oil well completion and
recompletion, respectively.17 The 0000 TSD estimate was therefore more than one
thousand times lower than the lowest estimate summarized in the whitepapers. The
2014 GHGI emission factor for completions, 0.0141 tons of methane per event, is
also clearly not applicable to hydraulically fractured wells.

il. Oil Well Completion Activity Factor

ERG estimates 5,754 uncontrolled oil well completions in 2011.172 EDF estimates
hydraulic fracturing completions of 15,753 oil wells in 2012, with 43% of those,
6,773, being uncontrolled.173 The 2011 0000 TSD estimated hydraulic fracturing of
12,193 new oil wells.174

It is therefore plain that uncontrolled oil well completion emissions represent a
significant source of methane. ERG estimates 44,306 to 138,096 tons of emissions.
Brandt et al. estimate 122,733 tons from oil well completion in just three basins.
EDF’s analysis of GHGRP data estimates 162,570 tons of methane from uncontrolled
oil well completions in 2012.17> Finally, EDF /Stratus estimates 272,270 tons of
uncontrolled oil well completion emissions in 2012.

Although data on recompletions is less available, even under the whitepaper’s
estimate of 0.5% of all oil wells being refractured every year, refracturing
represents a significant source of additional emissions.

iii. Oil Well Completion Control Technologies

Completion emissions can be easily abated. As recognized by the whitepapers, there
are two primary control technologies: reduced emission completions and flares.
Both can achieve 95% control efficiencies.1’¢ Thus, even under the conservative

1712011, NSPS Subpart 0000, TSD, at Table 4-6, Page 4-21 (estimating that a flare with 95% control
efficiency could achieve emission reductions of 0.007 and 0.001 tons per event).

172 Note that the whitepaper misquotes the ERG activity factor on page 13, indicating 5274
uncontrolled completions. The correct figure is used elsewhere, and all calculations appear to reflect
the correct value.

173 http: / /blogs.edf.org/energyexchange/files /2014 /03 /EDF-Co-producing-Wells-Whitepaper.pdf at
8.

1742011, NSPS Subpart 0000, TSD, at Table 4-4, Page 4-13.

175 Summarized in http://blogs.edf.org/energyexchange/files /2014 /03 /EDF-Co-producing-Wells-

Whitepaper.pdf at 8
176 Allen et al. observed higher efficiencies for reduced emission completions--97.8% to 98.8%.

Whitepaper at 18.
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assumptions above, the abatement potential for oil well completions is well over

100,000 tons of methane per year.

This abatement can be achieved at reasonable costs. Reduced emission completions
are the more expensive, but still reasonable, option. The 2011 TSD estimated that a
reduced emission completion cost $29,713 and achieved a 95% control efficiency.177

The minimum, median, and maximum estimates of per-completion emissions we
provide above are 7.7, 24, and 213.3 tons of methane. These respectively entail
control costs of $4,061, $1,303, and $146 per ton of methane, without considering
offsetting revenue from captured gas. If captured gas is sold at $4/Mcf, then costs
fall to $2,581/ton in the 7.7 ton case, and reduced emission completions turn an

immediate profit in the other cases.

Of course, a more sophisticated analysis would recognize that both cost of reduced
emission completion equipment and the tonnage of methane at issue correlate with
completion time. As summarized by the whitepaper, the cost of a reduced emission

completion depends on whether the needed equipment is already on-site and the

length of time the equipment is needed for. Here, we use the per-day costs of a
reduced emission completion from the whitepaper. As noted above, the estimates of
emission volumes are already conservative. An additional reason why the high per-

day cases are conservative is that it is unlikely that the per-day cost will increase

linearly for longer completion periods. That is, the longer that wells in a formation
take to complete, the greater the likelihood that reduced emission completion

equipment will be available nearby, and the greater potential economy of scale.

Stud Tim | Avg. | RECcost | $per | RECcost | $per
y e CH4 (low) ton (high) ton
ERG/ECR 7 24 5,642 235.08 | 52,402 2’123'4
ERG/ECR 3 7.7 2,418 314.03 | 22,458 2’9%6'6
EDF/Stratus Analysis of 3,213.6
HDPI (Eagle Ford)178 8.5 19.8 6,851 346.01 | 63,631 9

177 EPA, Oil and Natural Gas Sector: Standards of Performance for Crude Oil and Natural Gas
Production, Transmission, and Distribution, Background Technical Support Document for Proposed

Standards (April 2012), Pp. 5-2,3. Available at

http://www.epa.gov/airquality /oilandgas/pdfs/20120418tsd.pdf.

178 EDF /Stratus state that they assumed 7 to 10 days of completion; we use 8.5 as the average.
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EDF/Stratus Analysis of 2,339.3
HDPI (Wattenberg) 8.5 27.2 6,851 251.88 | 63,631 3
EDF/Stratus Analysis of

HDPI (Bakken) 8.5 10.5 6,851 652.48 | 63,631 6,060.1
EDF/Stratus Analysis of 3,678.0
HDPI (weighted average) 8.5 17.3 6,851 396.01 | 63,631 9
Allen17? 3 213.3 2,418 11.34 22,458 105.29
Brandt et al. (Eagle Ford) 9 100.2 7,254 72.4 67,374 672.4
Brandt et al. (Bakken) 9 34.4 7,254 210.87 | 67,374 | 1958.55
Brandt et al. (Permian) 9 34.3 7,254 211.49 67,374 1964.26

Finally, for one more interpretation of the data, we note that EDF/Stratus found that
costs of emission reduction using reduced emission completions remain reasonable
even for median, rather than average, wells.180

The other control option is flaring. In the technical support document for the 2012
NSPS, EPA estimated this cost, for oil well completions, at $3,523 per well. 181 Like
reduced emission completion, combustion is generally at least 95% effective. For
the range of emission estimates provided above, combustion provides control costs
of $482 to $17 per ton.

iv. Gas Emissions During Oil Well Production

GHGRP data shows that emissions of methane from venting of associated gas were
90,000 tons in 2011 and 175,000 tons in 2012.182 Most of this venting is
“casinghead gas venting” from older oil wells. These reported emissions, which are
a lower limit of national emissions since smaller producers do not report emissions
to the GHGRP, are considerably larger than the “stripper well” emissions in the
USGHGI (14,200 tons of methane in 2011). Itis not known why the reported
emissions vary so significantly between 2011 and 2012. We agree it may be possible
to provide additional estimates of associated gas emissions using gas to oil ratios or

179 Average of four oil wells studied. Whitepaper at 18
180

1812011, NSPS Subpart 0000, TSD, at Table 4-6, Page 4-21.
182 Some portion of this is due to methane emissions from flares of associated gas (due to incomplete
combustion).
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other reporting.183 Refining these estimates need not precede regulation of these
emissions, however.

V. Alternatives to Flaring

For both completion and production emissions, the preferred alternative control for
associated gas is capture. Typically, gas that is captured during oil well completions
and production is transported to processing plants in gathering pipelines. When
wells are isolated or other issues limit the capacity of gathering systems, other
technologies can make it feasible to utilize associated gas locally or get it to market
for beneficial use.

The Oil White Paper references several technologies that can be used as alternatives
to flaring: natural gas liquid recovery, natural gas reinjection, and electricity
generation for on-site use. Natural gas reinjection may be viable, although additional
research and testing may be needed to scale up this option for unconventional
reservoirs.

The White Paper also excluded two important technologies that can be used at well
pads to reduce flaring:

e Compressed natural gas (CNG) trucking - compressing associated gas at wellsites
and trucking to consumers, processors, gathering systems, etc.

* Electric power generation for sale to grid.

Natural gas liquid recovery, compressed natural gas (CNG) trucking, electricity
generation for on-site use, and electric power generation for sale to grid are all
mature technologies, having been deployed commercially more than once in tight oil
developments. These technologies can also be scaled up or down depending on the
size of the development. Finally, many of the technologies are portable: they can be
moved from well to well. For example, a technology can be deployed at a well in the
first few months, when gas production is very high, and dismantled or scaled down
once a pipeline is in place and can handle the full volume of production from the
well. These solutions represent practices that are feasible today at costs that are not
prohibitive.

Even if capture for on-site use or in gathering pipelines is infeasible or EPA
otherwise chooses not to require it, flaring remains a much better alternative than
venting from a pollution perspective. A Federal Implementation Plan (FIP) for the
Fort Berthold Indian Reservation (FBIR) reports that flaring requirements for
associated gas during production have an abatement cost for VOC of $10-$17 per

183 See Whitepaper at 20-21.
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ton.184¢ Using the 0000 ratio of methane to VOC for oil well completions and
recompletions,!85 methane abatement costs would be $9 - $16 per ton.

However, we note that flaring is still an inherently wasteful process which produces
large amounts of carbon dioxide, nitrogen oxides, particulate matter including black
carbon, and other pollutants. Flares' flames can be extinguished by weather or
interruptions in flow, and even if auto-igniters are required (they are not in many
jurisdictions) the emissions from flares that go out for periods of time during
operations should be considered.

Alternatives to flaring, such as gathering systems and the alternative approaches
identified in the white paper and above, must be considered for any well before
routine flaring is considered. Further, flaring, which produces voluminous pollution,
should not be allowed simply because an alternative to flaring has a net cost for a
well operator. EPA must consider these alternatives to flaring as systems of
pollution control, and compare the net cost of installing these alternatives as a
means of abating the pollution that the flare would produce.

Respectfully submitted,

Joanne Spalding

Nathan Matthews

Andres Restrepo

Sierra Club

85 Second St., 2nd Fl.

San Francisco, CA 94105
joanne.spalding@sierraclub.org
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184 TSD for FBIR FIP, table 4. Available at http://www.regulations.gov/#!documentDetail;D=EPA-
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185 From 0000 RIA (2011), table 3-3.
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