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Acronvins and Abbreviatiens

Activity Factor

API American Petroleum Institute
AR-4 IPCC Fourth Assessment Report
AR-5 IPCC Fifth Assessment Report

Bbl Barrel

Bef Billion Cubic Feet

CCAC Climate and Clean Air Coalition

CH, Methane

CO: Carbon Dioxide
COze Carbon Dioxide Equivalent
CSSD Center for Sustainable Shale [J6¥

EF Emission Factor

EIA U.S. Energy Information Adn
EPA U.S. Environmental Protection
FAR IPCC First Assess
GCM
GHG

GHGRP

GRI
GIP ature Potential
GWP ho Potential

HAP

Hp
IPCC

LCA

LDC

ILNG
ME&R

i g and Reg0l

MMTCH, ™
MMTCO:e

»Million Metric Tonnes Methane

NESHAP

Jusand Cubic Feet ;
Million Cubic Feet

bp Metric Tonnes CO; equivalent

ission Standards for Hazardous Air Pollutants
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Natural Gas STAR

NSPS New Source Performance Standards

SAR IPCC Second Assessment Report

sef Standard Cubic Feet

sefd Standard Cubic Feet per Day

scth Standard Cubic Feet per Hour

scfm Standard Cubic Feet per Minute

TAR IPCC Third Assessment Report
UNEP United Nations Environmental Programm

UNECCC United Nations Framework Conveni€

WMO ‘World Meteorological Organizafior
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1. Executive Summary

With the development of shale gas resources and a new period of low and stable natural
prices, natural gas has taken on an expanded role in the U.S. economy as a low cost,
emitting, tlexible fuel for many applications. While natural gas has the lowest diregf

processing, and delivery segments. This heightened interest has resulted in a fl
of the methane emissions profile of natural gas systems by a multitude of entities
[ government, industry, academia and g Lanteresb
of these studies are highly technical and some are c(nmadlctory, creatmg confuslon for
[ policymakers, industry and the general public regarding :
ermissions.

AVOTRINCT

The goal of this report is to examine these analyses through a il y of studies,”
context for their findings in order to provide clarity around the
addition to our study of studies, and in order to asis

STHSK sfe 2 o0 methane emissions, this report alsg
emissions in the natural gas sector, reviews recent data on e

underway to reduce emissions from natural gas systems.

greenhouse gas (GHG) that accounted for 5% S. issions (013, 4 rding
to the latest U.S. EPA Inventory. Agricultggalsources in livestock and farming operations are the
largest U.S. sources of methane. Overall thEmatural gas industry accounted fam29% of methane

§ Commented {BJS] Unmmbusbed methane is actually a pretty )
{ big part of the inventory so we can't say it's “nearly non-existent”

= Voluntary and 18 forts to reduce methane emissions.

Interest in methane emissions “
various groups on this topic. Below4§
of four different types of studies of meth

itural gas systems has resulted in an increase in research by
def summary of the highlights gleaned from a review
ssions from natural gas systems:
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» Increased use of abundant natural gas, from shale and other sources, has resulted in
environmental benefits, an important consideration when examini
thc overall emissions profile of natural gas.

# Natural gas has the lowest direct emissions of carbon dioxide (COz) of alléfgss
as well as very low emissions of conventional pollutants, such as nitrogéh |
(NOx), sultur dioxide (SOz), particulate matter (soot) and mercury (
overall emits fewer pollutants than other fossil fuels.

& Recent development of North American shale gas resources has increased
availability and reduced the price of natural gas

reduced CO, emissions -

I # Increased use of natural gas

= Methane is a concern as a GHG ifit is emitted direct] |
combustion. However when natural gas is combusted {9

4]: See note above

' homes busmesses and electric power plants, its me

¢ Methane is the primary component of natural gas <
delivered natural gas that is used in homes and busin

3 US. human-
gle, national

ses 1s the official inventog
and the only econom;

m The U.S. EPA Inventory of Greenhdgise ¢
influenced (“anthropologic”) GHG emniss
mventory of those GHg
#+  The EPA Inventomy

natural gas industry Wegg
of U.S. natural gas produ

fte emissions from the
HG emissions and 1.3%

L recent (201 !
of total U.S. a

# EPA’s Inventory of natural g
developed from discrete sapiple bequiy
upda has new measurergent anag actices are incorporated by

i3 based in large part on emission factors

&  According to'th

eritory, methane emissions per unit of natural gas produced
have been declm 3

usly since the early 1990s, dronpiag by alig
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* Reasons for the decline in methane emissions include: turnover and replacement of
equlpment voluntary actions by industry to reduce emissions, and recent regula i
requiring reductions.

#  Analyses of the industry’s methane emissions fall into these major categorie

¢ Ambient measurement studies from all sources show a range of resyl
locally higher methane emissions than in the EPA Inventory to muchflor
emissions. The results are affected by a variety of uncertainties includif
estimates of other sources of methane, and estimates of natural gas produ®!
regions being measured.

+ Direct measurement studies of emissions from natural gas operatlons show that
most sources and facilities have emissions lowel than the {; lized m the EPA
inventory, but a small number of sources — “super emit

categories are under-represented in the inventory.

¢ Meta—analyses examme numerous studles to searg

direct me

= The natural gas industry continues to 1
actions and in response to regulatio
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2. Introduction

Methane is a greenhouse gas (GHG) that accounted for 9.5% of total U.S. GHG emissi
EPA’s Inventory for 2013, the most recent available. Agricultural sources in livesto
farming operations are the largest U.S. sources of methane in the Inventory, accou
of methane emissions. The oil and gas industries accounted for 29% of methanc€
2.4% of all U.S. GHG emissions in 2013, according to EPA’s Inventory.

Figure | STYLEREF 1% M SEG Figure V* ARARIC Y3 1 ] - Mathane Emissions from the P
industries
Ware 2.4% of Total GHEG Swisdons in 2013

With the development of shale gas resourgs
prices, natural gas has assumed an expandcg W gost, low

emitting, flexible fuel for many applications{ Wk t direct GHG
emissions of all fossil fuels, concerns have bect, ¢ emissi f hethane in the gas
production, processing and g ‘
comprises more than 95% of theig
facilities and electric power plants.
the atmosphere without combustion.

Natural gas is extracted from diverse g

According to the BE#
equal to 1.3% of the

This rate of methane emisstog
. There are multiple reasons4ge
improved performance in most sectors

Iral gas produced in the U.S.
been declining continuously since 1993
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equipment. Second, the natural gas industry has been engaging in voluntary reduction activities
since 1993 (see Section | REF Ref434155458 \v \* MERGEFORMAT 1). Third, new
regulations have taken effect in recent years to require further reductions (see Section [
_Refd34213544 \r )). ‘

Figues { STYLEREE 3 Yz ] SEQ Pigure V® ARABK Y3 11 - Maethane Fmissions pay
Froducsd Have Dedined Continuemasly Since 1980

Methane Emissions per Mo Gas Produced
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The increased interest in methane emissio

o o ~¢L —
t methane emissions frag ¢ natural gas

ical and some

e gy e B

Ul new bll:lul&/b umabuuug Ul t::suumuug lll

sector and related environmental implicationsaly f these studies are very

the sources of methane emissions in the ¢ y éta on the emissions,
and discuss the implicationg for; pissionsifuel, Underst@neint and reducing

methane emissions is key to et bat gas has the TOwEst overall GG cmissions of any fossil
fuel. - -

‘ Commented [DS] Different apm Jiohs an this sentence - same

% want ta delete entirely.

methane emissio Chap r S disg " g5 recent studies thatése attempting to improve our
understanding of metlfagie! jong’and their implications for natural gas. Chapter 6 discusses
voluntary and regulatory effg ‘ duce methane emissions. Chapter 7 provides some
conclusions. The Appendix prow amary of a larger number of the recent studies.
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2.1, Uses and Markets for Matural Gas

thural gas plays a significant role in the U.S. economy that ges
the emissions associated with its use. Natural gas '

ey i
largest primary source of energy in the United States, behind petroleum (oil) and g

[ with a total ¢ nergy value of approximately 27.9 quadrillion Btus in 20
_Refd30327320 \h \* MERGEFORMAT ].) According to projections of U.S. enegg)
consumption to the year 2030, performed by the Energy Information Administration
natural gas is expected to remain the second largest primary energy source in the country d
this time.

Fignre { STYLEREF 1% 1] 3E Flgure VW ARABIC w11 - U5, Energy 388 “

Data source: U.S. Energy i : s Administration,

sources shown in that it plays a major role in
4188851 ] shows that in the United
sector to generate electricity, along

Moreover, natural gas is unique among th
multiple, diverse sectors of the econo
States, coal is alafis! exclusxvely used

with hydro and ‘wgel : ged for transportation fuels and
secondarily as a petr i in the industrial sector. Natural gas and its
byproducts, by contrast, : delv as a fuel in the residential, commercial, power, and

use a chemical feedstock to make a
and fertilizer. This diversity of end uses
impact on many sectors of the broader

industrial sectors, in addition’
variety of goods, such as medical Supg
means that natural gas has a direct and"
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economy. Figure 2-4 shows that the forecasted utilization of natural gas as an energy source is

expected to increase.

Figwe [STYLEREF 1% :»5221 ?sgu(e BEOARABIC s 11+ 115 Enerpy Consumption by

ame D L

Ee

Source:

At

[ REF _Ref433984336 \* MERGEFO
1997 through the middle of 2015 sn:
gas prlces around $2 per million Btu (M

2 eremr

wgiedes

# Peteninm

# Ratural Ges
# Coal
# Repewanis

 Ruckss

20380 B34

iad

J.S. natural gas prices from
; It ﬁ)ws a penod of
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Figurs | STYLEREF 1 %s 3] 3843 Figure V*° ARABH s 1 - 115, Natural Gas Prics Trends Have Declined in
Recsnt Years
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" Data Source: U.S. Energy Information Adriifi
Annual Energy Outlook .
| Declining natural gas prices have been a signifieas jtural gas in the

dispatch cost of highly efficigfifha med cy ; S far nower
(NGCC) have become cost-compe ‘ A 5. Th 4 eration due o fows

pressure on coal from environmental re 4 Formatted: Subscript

significant growth in gas-fired generati
_Ref433542045 ], Since coal consump
largest source of

@tural gas has resulted in an 8%
) This is an important
emissions characteristics of natural gas.
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Despite measurable improvements in the overall U.S. emissions profile with gr
natural gas, shie; have raised the question of whether natural gas retains it
environmental advantages when upstream methane emissions are included.

s

Figurs | STYLEREF 1% 1 SEQ Figure V¥ ARSBIC s 1]~ Matursd

1,200

1,000

800

GO0 i,

Million BWh

450

g R

200 T

Data source: U.S. Energy Informatiol

2.2, The Natural Gas Valug s of Methang'

There are man:
emissions are ch

te oil and gas supply chain. These

" This overview is based on ICF’s Report entf

ment of New York City Natural Gas Market Fundamentals and Life Cycle
Fuel Emissions” .
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= Fugitive emissions — methane that “leaks” unintentionally from =
equipment or components such as flanges, valves, or other equipment.

procedures, such as from pneumatic device bleeds, blowdowns, and equipme

= Uncombusted emissions — uncombusted methane in the exhaust of natural
combustion equipment in the production, processing and transmission sef

Although these sources are sometimes referred to as “leaks”, we use the more narro
definitions in this report. [ REF _Ref434155291 ] illustrates the major segments of the na
gas industry and examples of the primary sources of methane emissions as gas is produced,
processed, and delivered to consumers.

More recently, mid-continent and northeastern shale plays hg
gas, as the focus of new development has turned to the extra

production.

Gas from shale formations is recovered by, ek to release the

hydrocarbons. This involves pumping wate i@ the well to

“fracture” the shale, creating small cracks th 1 the water “flows

back” out of the well, methangfis entrai i1 vented. global warming .- Commented [D6]: Not correct - need to acknowledge Quad

i 0000 and voluntary efforts prior to Quad 0000,

potential of methane, this ca
production of shale gas

feasons, the increased
eased GHG emissions. et

Federal regulations promulgated in 2012 majority of new hydraulically fractured gas
wells to capture or flare the flow-back ions and other federal and state
regulations also ocesses, though many apply only to

rral gas is pure enough to be used as-is, most natural gas is
transported by pipeline front¢jie head to a natural gas processing plant. These pipeline
gathering systems may have pne Wevices and compressors that vent gas, as well as fugitive
emissions. Gas processing plants remove @ nal hydrocarbon liquids such as ethane and

Although some of the |
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butane as well as gaseous impurities from the raw gas, including CO3, in order to produce
pipeline-quality natural gas to be compressed and transported. Such plants are another sourgs

Figure [ STYLEREF 1% H S84 Flgure VY ARARK s 11 - Matural Gas ulusiry Pry
o Euarnnhs Bathane Feoleclon Snireas ‘
fugitive and vented emissions.

G Dinteibuation
Reeomss for 3% o
“Bas industry

et emissians.

B
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Source: Adapted from Clean Air Task Force

From the gas processing plant, natural gas is transported, generally over long distances b
interstate pipeline to the “city gate” hub and then to consumers. The vast majority of £
compressors that pressurize the pipeline to move the gas are fueled by natural gas,
small share is powered by electricity. Compressors emit CO2 and methane emissi€
combustion and are also a source of fugitive and vented methane emissions through
from compressor seals, valves, and connections, and through venting that occurs dutig
operations and maintenance. Compressor stations constitute the primary source of vente d g
¢ methane emissions in natural gas transmission.

Some power plants and large industrial facilities receive gas direct
while others, such as residential and commercial consumers, hay
distribution pipelines operated by local gas distribution compagi
not typically require gas compression; however, some methag
leakage from older distribution lines and valves, connections
especially true for older systems that have cast iron or unprofe ‘

Many of the emission sources from domestic oil production aré
— completion emissions, pneumatic devices, processi
Crude oil contains natural gas and the gas is se
can be captured for sale, vented, or flared. V,
not have gas gathering infrastructure. This 4
growth in oil production has taken place 1
new gathering lines are being built, produe

erme 1ine cmng buill, prod

case currently in North Dakota, s
gion with little gas gathering infrastructure. While
is still ahead of the oathe*rma .n city, resulting

in continued tlaring.
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3, Introduction to Greenhouse Gases and Other
Environmental Factors

Greenhouse gases (GHG) are gases that contribute to global climate change. Carbor
(CO2) is the primary GHG but there are others that are emitted in lower quantities &
stronger effect on climate change. This chapter discusses the emissions of differg
how they are expressed and tracked. 1

3.1, Combustion Emissions

Carbon dioxide (CO?) is a by-byproduct of the combustion process in
converted into heat and the combustion products of carbon dioxid

f Commented [D7]: Suggest including fact that CO2 emissions

| near a 20-year low as a result of unconventional natural gas
5 development leading to econamically-motivated coal-to-gas

| switching in the power sector.

NatursiGas

Jivior Hasoline

fot Fue

Lrugie £

s ol

44

£, Erdssion Facl
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A2, Nen-C0: Greenhouse Gases and Global Warming Potential

Greenhouse gases absorb and re-emit solar radiation, resulting in an overall warming e
“trapping” heat in the earth’s atmosphere. Different gases have different warming etfé
different lifetimes in the atmosphere, making it difficult to compare their effects ol
basis. A factor called global warming potential (GWP) is often used for this purpiise
be defined as the amount of total energy added to the climate by a gas relative tothie
the baseline gas CO,". The GHG emissions weighted by the GWP are expressed as
equivalent (COqe).

The science and policy communities have historically looked to theddgl

Panel on Climate Change (IPCC) assessment reports as the authogifé ve b ‘
The IPCC is the chief international organization for climate chefy e TSsues, : “
in 1988 by the United Nations Environmental Progr, im (UNEP) and the@
Meteorological Organization (WMO). Governments, organiZaighs, and climate experts from N
around the world voluntarily contribute to these reports. g Asscssment reports have beem
published: ‘

w JPCC First Assessment Report 1990 (FAR)
= [PCC Second Assessment Report 199
# [PCC Third Assessment Report 2
# [PCC Fourth Assessment Repo:
a [PCC Fifth Assessment Repo
Two key factors in determining the effect ¢
that it remains active in the atmosphere. C@g18

)
(AR4)
(ARS)

S : P - i@, 5 gy
yHG are its warming effect an@ilie length of time
the least potent of the GHGs Bufit remains in the

atmosphere for thousands of years. Even tho ¢ largest GHG
source from large users of fossi : N ; finifiatives to regulate
GHG emissions. On the oth¢r haid is mMoge p s ) ae/in the atmosphere is
only about 12 years. Other GHGY are than ie and may have longer or

shorter lifetimes. [ REF _Ref4332 16801 IMFRGEFORMAT | was developed by the US.
EPA! to describe the characteristics and Tifetimes:of major greenhouse gases based on the
IPCC’s Fifth Assessment Report.

" The GWP of CO; is defined as 1.0
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Carbon Dioxide

Tabls ] STYLEREF 1%+ 88 Table

Y ¢ ARARK

Carbon dioxide’s
lifetime is not defined
because it continues to
move between
different parts of the
ocean-atmosphere-
land system instead
being destro

Produced mainly by the burning of
fossil fuels (oil, natural gas, and coal),
solid waste, and trees and wood
products. Land-use changes,
deforestation, and soil degradation also
contribute to its production.

Methane

Emitted during the production and
transport of coal, natural gas, and oil, as
well as from livestock, agricultural
practices, and the anaerobic decay of
organic waste in solid waste landfills.

5 1}~ Greenhouss Gas W Ps anad

ifetine@

Nitrous Oxide

Produced during agricultural and
industrial activities, and during the
combustion of fossil fuels and solid
waste.

Fluorinated Gases

Synthetic gases containing fl;
such as hydrofluorocarbongf
perfluorocarbons, and sy
hexafluoride. They are ¢
various industrial procgs
commercial and houschold

recent assessment and mcludes s6
major change in AR-5 is fully includ

vide alternative
Jual gas, the 20

ges in the treatment of the methane GWP. The first
" cycle feedback in calculating the GWP. As the
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temperature increases, the biosphere retains less CO2, which enters the atmosphere and causes
further warming. This feedback was included for CO; (the denominator in the GWP) in eatlierme.,
reports but not for the other gases. Including it for both increases the calculated GWP.

The second change is specific to methane. When methane oxidizes in the atmosphe
COy, which has an additional warming effect. Thus methane emissions have a di ;
indirect effect on the Farth’s climate due to the COz that is created. The prima V
methane listed in the AR-5 are for biogenic methane, for which the COz is assume f
absorbed from the biosphere and therefore the oxidation does not constitute a net increas®
fossil methane, however, the methane oxidation effect adds 1 to the 20 year GWP and 2 to the
100 year GWP.

The 100-year value without feedback or oxidation adjustment is
4 value of 25). With the adjustment for fossil methane it is 304l
adjustment for oxidation is 36. The 20 year values in the ARS
oxidation and 87 with feedback and oxidation. These results /@
_Ret433226114 \* MERGEFORMAT ]. These new findin
accepted by all parties and many entities, including some go
use the values without feedback, while few organizations are ¢

“ alue with feedbac nd
3iE 84 without feedback or 4
summarized in [ REF

the AR-5 have not been
ent and regulatory agencies, ‘
ity using the values with 48

feedback and oxidation factor ) ; Commented [D9]: Just a general comment abaut this whole

% section =~ because methane is reported in different units and
; formats, would recommend including a unit-conversion table if

Table [ STYLEREER § % 1 S84 Yable \® ARAB - Glsbal Warming Po i possible

Different Lifet] notuding feedbacks}

% GWP is unitless. Other units are discussed in the next secton.

IPCC AR Year Publi 20 — Year GWP
AR 4 L 72
AR 5% 2014 R,  84/86/87

*Without feedback/With fecdbagkiMith oxidation

100 - Year GWP
-

3.3, Emissions Measureiuent and Repo™

Methane emissions can be measured and'ge

pottedin a variety of units and formats. The most
common are listed below with the mostde ‘

iicom the U.S. EPA’s GHG Inventory:

8 feet (ft*) or meters (m®). The
1) of methane emitted from natural
® s of methane emissions in units such as million metric
‘ The 2013 U.S. Inventory reports 6.3 million metric
tonnes (MMT) of methane cw fhom oil and gas operations.
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= COse basis: Expresses the mass of GWP-weighted methane emissions in units of million
metric tons of CO» equivalent (MMTCO»e). The 2013 U.S. Inventory reports 157.4 .
MMTCO:e emitted from natural gas operations (using a GWP of 25). :

u  Percent of production: Expresses methane emissions as a percentage of natural :
produced annually in the U.S. - sometimes referred to as a "leakage rate".
Inventory emissions are equivalent to 1.3% of gross natural gas productiof
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4. Federal Reporting of GHG Emissions

4.1. EPA Inventory of GHG Emissions

The U.S. EPA Inventory of GHG Emissions® is an annual report that quantifies grg
emissions from all sectors of the U.S. cconomy and is the only national, econo
[ of U S. (JHG emissions : al & 1 toad

by the UNFCCC.

The EPA GHG Inventory provides methane emissions estimateg
natural gas industry. Emissions are tabulated by source and egf
each of the different segments to provide a U.S. national est
includes over 200 source categories for the oil and gas indu
basis dating from 1990 to the year of publication. Emissions

The inventory structure %
. Data is available on an annus

Emissions are generated using an activity f:
the population of sources — number of we
per unit of activity — e.g., cubic feet emittg

and the Pipeline and Hazard8 ] terials S : ) p " Many of the EFs

have historically been based o ‘ : “ s Research Institute
(GRI) and EPA* in the 1990s. This stt ed site level measmements across multiple
emission sources to estimate average emy 5. for each type of equipment. The emissions
estimates based on these sources are ount for both voluntary and regulatory
reductions unde estimates are primarily based on
reductions repo: on [ REF Ref434157226 ¢ ])

The estimates are revise :
new data on emissions to idem
that can be used, however. The
applied over the entire historical series

based on the most recent activity data. The EPA also reviews
c emission factors. There are limits to the kinds of data
public, citable, nationally applicable, and able to be
nt years, the EPA has been reviewing and
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adopting multiple new sources of data, especially the Greenhouse Gas Reporting Program to
identify potential updates to the Inventory.

In addition to serving as the official U.S. accounting of GHG emissions, the inventor;
reference and source of information on opportunities for reduction and a measure
voluntary and regulatory programs. [ REF _Ref434157290 | below displays total et
reported annually for the natural gas industry since 1993. As noted above, the mags
for emissions in 2013 estimates 327 Bef or 157 MMTCOs¢ of methane from the natg
industry. The total emissions have been declining for most of the period, with a slight up
the last years. However, this trend does not take into account the changes in natural gas

production and throughput during this period, especially during the Ias S bhale gas
production has increased.

Figure [ STYLEREF 1% 1 SEG Figure ¥ ARABIC Y5 1 | - bethane s Hanve Been Docl g

Production Inerenses

=Y
*

MiTonne 0.

Data source: G
"http://www3.epa.gov/climatechange/ghgem
Energy Information Administration

gas production flasifies; i 1o 10 ©1 estimated emissions per cubic
i . Factors contributing to this

jer and replacement, voluntary reductions by the gas industry,
file organic compounds (VOCs), which have the co-benefit of
iy nethane emissions in many parts of the industry are

reduction include equy
and recent regulations to lirm
reducing methane emissions. In'a
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not highly correlated to throughput so increased production and use tend to reduce emissions per
unit of natural gas throughputi.

Figure | STYLEREF 1 % 3] SEQ Figure V*° ARABIC Y5 1 1 Methane Emibsstons per 8o of Progll
Declined Shamly

fethare Emissions per Mof Gas Produced

ithdrawal

& ¥

iscf Gros
s AR

e/ M
o2

1920 1985

g

The GHGRP was finalized by the EPA in
This rule establishes a mandatory progra
emissions on a facility-level basis from alls

" 'f Commented [D11]: General ommant - acompansontable or

. B . £ h ' 2 chart discussing the differences between the GHGRP and GHG
requires the repomng o greeif)use gas i inventory would be informative see this example [ HYPERLINK =

Pty 1 1 O T S S S e
TS O1 € economy. 1ne ruic ae

s not require httpi/www2.epa.govighereporting/greenhouse gasreporting:
program-and-us-inventory-greenhouse-gas-emissions-and-sinks” |

control measures to reduce methane. The 1 i i fagilities that emit ~ Atthe least, it is worth noting that the GHGRP covers
= 0 | imately 85-90% of total U.S. GHGs.

25,000 metric tonnes (25 MTCO»¢) or more of all GHGs e s

Therefore, a facility must include emissions frogad s ingfhe threshold to Addressed belaw

physical property, plant, building, stru
contiguous area under common ownershj
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all of the LDC operations within a state. The first reporting occurred in 2012 and represented
2011 emissions. e,

The rule has 43 subparts, including the general provisions in Subpart A and 42 subp:
representing a source of emissions from a particular industry or process. Each subp;
requirements for data directly related to the source category which must be repog i
reporting system for methane emissions from petroleum and natural gas systemsi

“Subpart W.” Under Subpart W, oil and gas facilities report methane emissions from§
emission sources across the natural gas/oil supply chain, including: onshore and offshore™q
petroleum and natural gas production, onshore natural gas processing, natural gas fransmissiong
and underground storage, liquefied natural gas (LNG) storage, LNG g :
natural gas distribution facilities. The original subpart W did not i ‘
however a modification to the rule in 2015 added these fac111tle
beginning in 2016.

Subpart W requires reporting of emissions from sources such
pneumatic devices, and storage tanks. This data is sent directl
reported information: reporting entities are subject to signifi
imprisonment for submitting false statements”. Data Wlthm thes
variety of methods including direct measurements 1
specified in the rule.

8 compressors, dehydrators,
/10 EP A which confirms the

Because many gas industry facilities do no
provides an incomplete estimate of total
are not included in the reporting requiremét

missions. In addition, some types of equipment

further limiting the completengss of the program.
ts 1,009 Gg of methane emig
10ns from natural gas sysfe

cmissions from 2, 16

For example, the EPA Inventory for 2013’ :
petroleum systems and 6,295 Gg of methan€ €
for 2013 reports approximately 2,948 Gg of

§. Subpart W data
il reporting

extremely valuable souré

¥ See 40 C.F.R. §98.4(e) Certification of the GH gport (Subpart A, General Provisions).
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& Measurement and Analysis of Methane Emissions

Increased interest in methane emissions from the natural gas value chain has resulted in a suige ==
of research and analysis over the last five years. This report has identified nearly 70 re
studies of different kinds. Many of the studies are highly technical and some are con :
This chapter summarizes some of the most significant studies in four categories:

#  On-site measurement (“bottom up”) studies — studies in which emissions @
directly at the facility, usually at the component level ‘
& Ambient measurement (“top down”) studies — studies that measure methane in the ™

atmosphere from planes, tall towers, or measurement points downwmd from gas indusiry
facilities

@ Life-cycle analysis — studies that estimate the total emlsil ‘
that produce process, and transport natural gas io ‘
b

w Meta-analysis — studies that review and synthesize the/s

A listing of all the studies reviewed in this report, indicating i
primary conclusions is provided in the Appendix.

scope of each project, as well

.1, On-5ite Measurement Sindies

On-site measurement studies involve direct 1 ment of emissions
equipment and processes in the natural gas #a

tank vents, liquids unloading). Measuremet PSfudies range in scope from focusing on one type of

include a summary paragraph explaining the limitations/advantages

curacy it methods, margi

f
chain (Cg valve Ieakss hy( UCAFDOIStOrage § of ambient vs. on-site measurement — for exarr;p!E, Eost, time,
% act f
i
i

equipment, such as pneumatic controllers @ @ddressing emissions from an enire segment in the Addressed below

U.S. natural gas industry, such as the natufgl gas distribution system. On-site fleasurement
studies can form the basis for development @fid ipdating of emission factors fe0m equipment/

processes. On-site measurement studies ofte: ng in terms of
average emissions from specifitieq ‘ ‘ alyze these
results with emission values publishied i ious stugiesit Wventories, sugh as the annual EPA
GHG Inventory. ‘ ; ‘ “

Many emission factors currently used in ¢ jventories were developed from the series of
on-site measurement studies pubhshed hielEP A and the Gas Research Institute (GRI)
now known as th 16 recent study’, GTI measured leaks
from polyeth\/l emission factor for polyethylene

¥ GTl was formed in 2000 by a merger of GRI a d%he | e of Gas Technology.
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factors in the EPA Inventory and GHGRP. After evaluating a variety of factors, the study found
a weak or no relationship between the leak rate and the pipeline operating pressure, pipe age, soil
characteristics, and temperature.

Several studies have used an extremely sensitive measurement device (cavity ring-

ox with Google street maps in several cities®. A similar but more detailed stud
on the distribution system in Washington, DC in 2014 reported nearly 6,000 leaks.

pdatory inspection and
0500 ppm. In other words,
hold for action if they were i
nholes) where gas had
ed more significant

leaks in natural gas processing plants must be repaired under @
maintenance programs was reduced in 2012 from 10,000 ppz
majority of the leaks in this study were 100 times below the
regulated facility. The study did identify 12 enclosed locatio
accumulated to db()VC the LEL dnd four locatlonb where they

rmed in cities, which like Washington, DC,
ficlude cast iron pipe. Old cast irogpipe is known to
be leak-prone and gas distribution compariiés @&re implementing programs to fégilace the many
thousands of miles of leak-prone pipe. In tl leak surveys
and immediately repair any leaks that prese it an im i safety risk. tribution
companies have been replacing, ipcat the's [ year. The process is
difficult and expensive becadse mi i : thap areas, mostly in the

have very old gas distribution systems tha

Northeast. Companies must rec ke these investments and
the regulators’ primary concern is safé

many states and distribution companies af pping or have implemented accelerated pipeline
replacement programs. (See Section 6) ‘

reviewed journals'®. The
companies that participated
summarized below:

dress each of the gas industry segments at facilities of
dies. Some of the major components of these studies are
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2

= “Measurements of methane emissions at natural gas production sites in the United States
—David T. Allen et al. (2013). This study measured emissions from natural gas well sites
operated by nine companies in different parts of the U.S. From direct measuremeg
well completion flowback emissions, the study estimated a range of methane e
from 0.01 Mg to 17 Mg. The study showed that companies could reduce flowie
emissions by 99%.The upper range of the study’s methane emissions estiml
source (17 Mg) is nearly 80% smaller than the average emissions per eve
cited in the 2011 EPA Inventory. The study noted, “there was significant/ge
variability in the emissions rates from pneumatic pumps and controllers, bif
regional differences were not as pronounced for equipment Ieaks.” Extrapolating
results to the national level, the study estimated the overall emissions to be compar:
the EPA inventory, with lower emissions from well completions offsettmg higher
estimates from other components.

s “‘Measurements of Methane Emissions at Natural Gas Pro@i
States: Liquids Unloading” — David T. Allen et. al. (2014} =
unloading emissions for a sample of natural gas prod
the United States. The study’s estimate for total meth@
estimates in national emissions inventories such as
estimated total annual methane emissions from liquid
value very similar to both the 2012 EPA National Emi§
Greenhouse Gas Reporting Program (GHGRP) values ¢
14.3 Bet/yr, respectively.

The study measirel
wells (107 wells total

oading events at 14.4 Bet/yr,
s Inventory (NEI) and the
oximately 14 Bef/yr and

§810ns attributed to ‘
vells, stating: “Emissions ‘
ar geographic regions, and at particular times in a
dction of unloading emissions'!.” The study

tute/America’s Natural Gas Al

WAAINCTICA 5 ivauld: 3as /

fresult, “three percent of wellg @géounted for half

The study indicated that a majority of £n

may come from a smaller percentag
that a small fraction of wells, in pa
well’s life cycle, account for a lar;

references an American Petroleu
references an American Petroleurny

(API/ANGA) study that found a sifila
of emissions from this type of Well

ers had an emissions rate less than 0.001 sct/h over the 15
d an emissions rate less than 0.01 sct/h over the 15 min

d pneumatic devices exhibited no detectable emissions
ting that of the total sample size of 377 controllers,
pneumatic actuations during the sampling

min sampling per

sampling period!3.”

during the sampling period
% (146) had detectable emis
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period. The study found that «
emissions were behaving in a ma;

> pneumatic devices with the highest
o1 inconsistent with the manufacturer’s design'®.

= “Methane Emissions from Natural Gas Compressor Stations in the Transmissio
Storage Sector: Measurements and Comparisons with the EPA GHGRP” — ‘
Subramanian et. al. (2015). This study combined on-site direct measureme:
flux techniques, which estimate on-site methane emissions from ambient ajs
downwind plumes from the measurements sites. The study found that thése
independent estimates agreed within experimental uncertainty. The stud
highest emitting 10% of sites (including two superemitters) contributed 50% O
aggregate methane emissions, while the lowest emitting 50% of sites contributed
than 10% of the aggregate emissions'®... however, we lack the data to determine whe
the magnitude or frequency of the supelemltters encountered in thi
representative of the entire T&S sector!®.”

from Natural Gas'¥
et. al. (2015). - The st
ne emissions estimate from
r the sector in the 2011 EPA
ificant upgrades at metering an|
intenance activities, as well &
the two studies'”.” For

m  “Direct Measurements Show Decreasing Methane Emig
Distribution Systems in the United States” — Brian K.
13 distribution systems across the U.S. arrived at a v
LDC systems that was 36-70% less than that publishg
Inventory. The report states, “[this estimate] reflects
regulating stations, improvements in leak detection and
potential effects from differences in methodologles betv
underground pipeline leaks, the researchers
lower than reported in the 1992 EPA/G
facilities, the study found emission f:
than the same sources published in
emissions from nine facilities samg
reductions from the stations ranginy
attributed these emission reductior
between reduced emission factors i
upgrades, project researchers surveyeg
American Gas Assocmtlon (AGA). T

or larger emitting sOLUf¢
92 EPA/GRI study. The study't
the EPA/GRI study and found emission
m 2-50% from the 1992 valueg, The study
pgrades at the sites. To undersi@ig any correlation
ied in their study and distri infrastructure

dy partner LDCs and LD bers of the

Ve, results indicated th

leaks, respectively) accounted
leaks®
While the EDF and other studies founddow v from several source categories than
reflected in the 2§
“super-emitters

ICF International [PAGE \* MERGEFORMAT ][ STYLEREF "Date_Title Page" \* MERGEFORMAT ]

CONFIDENTIAL EM-HCOR3-00636649



Natural Gas and Methane: Overview and Literature Review — Draft

5.2, Ambient Measurement Stadies

As opposed to direct measurement of emissions from a site-specific piece of eqd
process, ambient (“top-down”) studies use air sampling methods to estimate emisSy ‘
larger scale, such as from an oil or gas production region. The studies measure the corie
of methane in the atmosphere and use atmospheric modeling to estimate the source. They mug
also attempt to differentiate methane from gas systems from methane dcer@d from agricultural
or other sources. This is done through analysis of other hydrocarbo olopes Mied with the
methane that indicate the presence of natural gas. Ambient measugh
(typically measuring methane concentration from aircraft, towg
stations) are limited in their ability to identify site-specific eng
not associated with direct measurement techniques, such as
conditions, extent of pollutant dispersion, and presence of othef potential sources of methane, |
such as those related to livestock, agriculture, or landfills. Th , most recent ambient
measurement studies estimate higher emissions from the natural production/oil production
chain than similar estimates from on-site, direct megsurement sttig the EPA Inventor
Some of the significant recent ambient measurg tidies includ

other remote sanmy
ns and have other cha
ed sampling time, weather

ytne Measurements over a We
. The study used airplane measuremenls in Umtah
gas produn,tlon Although ten ﬂlghtb were
Hly two (ldyb (IUL to III(/OIlblbL Ll(.()r()l()glbdl

d emissions associated with ¢ and natural

oil and gas operations, e final result is
based on assumptions about other poos lined sources of methag e study then
calculated emissions a4 O in the county.
Methane emissions {01 Bt . Sestimatel fo be 8.8% + 2.6% of

=w  Methane Emissions Estimate from 4
Natural Gas Field — Karion et al (20
county Utah to estimate emissions
planned, measurements were based
conditions. The study deducted est
seepage to estimate methane emiss

Operations Report (OGOR) and g
(WRAP) phase III inventory. T i ted that this estimate was not thought to be
typical due to high vanabﬂlty be ( ever it is often cited as typical and

‘ : do Denver-Julesburg Basin - Petron et al. — The study

s of hydrocarbon emissions from the densely drilled
aicborne measurements and calculations. The study

ced from the region based on two days of data

ich as estimates from the EPA Inventory or from

developed top do
Denver-Julesburg bas ‘
estimated a loss of 4. 1% ol'gas
collection. This is more than tw
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smaller non-rep data set; ~-whil cted too
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the GHGRP data for the same region, but only half as much as the 8.8% reported by
Karion for the Uintah study. An estimated 75% of the total methane emissions were
attributed to oil and gas operations in this study.

= Quantifving Atmospheric Methane Emissions from the Haynesville, Fayettevi
Northeastern Marcellus Shale Gas Production Regions - Peischl et al.(2015
took airborne emissions measurements over three regions, the Haynesvill
Fayetteville (AR), and northeastern Marcellus (PA), all of which contai
shale gas production. The measurements were found to be equivalent to reg
addressed in the Karion and Petron studies, however the production in these
hlgher reiultmg in lowel estimates of the loss percentage - 1 .0-2.1% in the Hay e§

Boston Massachusetts - McKain et al. (2015)?' — fdymeasured amblent ‘
levels trom tall towers or buildings at four locations ig Boston area (two near the
urban center and two outside it) to determine an emis8iogs value related to natural ga
delivery and end use. Ethane concentrations were u determine emissions associa
with natural gas. Because ethane is a typical componéat @f natural gas, using ethane
concentrations can serve as an indicator of natural gas ions as there are no other
known sources of ethane in the region. Boston has no g 1 seeps, oil and gas ‘
production, or reﬁnmg, and low ratei of b' ‘

times higher than predicted by existi
Inventory. That said, the study was
(i.e., delivery systems vs. end use)
percent leakage calculation) was e

le to attribute a specific sour¢
he total consumption of gas (denominator in the

= They may require co
concentration to a quég

t studies have found emissions higher than the national
than extrapolations from on-site measurement studies,
ne study that found much lower emissions. This

In general, most amb
average of the U.S. EPA In¥
though there is great variability 3
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discrepancy has been difficult to resolve, though one notable study has addressed this issue (See
Section [ REF _Ref434182837 \r ].)

5.3, Life-Uycle Analysis (LLCA) Studies

Life-cycle GHG emissions are the aggregate quantity of GHGs related to the full fi
including all stages of fuel and feedstock production and distribution, from feedd
through processing, distribution, and delivery and use of the finished fuel. This is* :
important for natural gas because methane is the primary component in natural gas, so a
of the product along the value chain are sources of GHG emissions, which are amplified dus
methane’s higher GWP. LCAs are often used to compare the overall emissions of different fuels!
LCAs typically use emission factors for each stage of the fuel value g ‘ ‘ estimate
of the GHG emissions for the production, processing, and delivegy
CO; emissions from combustion processes (e.g., gas compressgh
coal processing emissions) as well as emissions of other GH
is emitted from coal and oil production and processing as wel
amounts.

[BI14]: Concept graphic

-{ Commented [D15]: Consider a chart that linearly depicts the
system-wide eissions estimates from different LCA studies —EDF at
3.8% to Howarth at 7.9% - maybe use high-low-average estimates
for each study.

The LCA can be calculated for the fuel at the point of delive

; EDF does not have one as such. Not sure this is a good idea as it

source emissions. Because gas isa large and £gro i MCT & ati gives the impression that there’s such a wide range that we don’t
seen as a lower-emitting alternative to coal, n'gas ¢ ) coal Don e
that application. Natural gas combined cyclé pe i
fired plants, making the total site-to-sourcd eid use emissions for gas even more favorable than
the burner-tip emissions. This is true for sgmgibut not all other applications cgmpared to other

~i Commented [D16]: Don’t understand what this means.

fuels. “I}%'ee = “site to source” was added but | think is making it confusing
There had been several fairly high level LCAS! as throughi 2010, primarily

based on data from the EPA inye y 15% s ‘ vas focused on the

topic when new emission fagf S e ] opment of the

GHGRP. This was followed b 2011%2, which found

that the life-cycle emissions of sha

certain assumptions due to the upstream ‘ Bemissions. This renewed interest in the topic

and heightened concern over methane

dle gas production and
production escapes into the
during a well’s lifetime, and that these emissions are at least
nal gas. The higher emissions were particularly affected by
ngsflow-back during hydraulic fracturing and during the

; estimated the LCA emissions from shale gas to

atmosphere through ven ‘
30% more than those from
| high :
“drill out” after the fracturing occurs.
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be 20% greater than conventional gas when using the 20 year lifetime and almost the same as
conventional gas when using the 100 year lifetime. The study also stated that emissions from gas
were slightly higher than from coal on a 100 year basis and almost twice as high on a 20, yéa ‘
basis. ‘

Several studies have criticized and/or rebutted Howarth’s analysis® ** and there af 86X
that, in retrospect, significantly affect the study’s conclusions, including:

w The study used a variety of lesser known and sometimes poorly supported asstpiy
for its emission factors. The emission factors for flow-back emissions were derived
limited well production data. Some of the fugitive emissions data was bdsed on anecdotg]
estimates of “lost and unaccounted for” gas, which is largely an agepumiing adjustment
and not a measurement of emissions. The study did not use i (
established emissions data sources for most sources.

pmpletion were veni e

@ The study assumed that all emissions from shale gas wg
iig And companies had rcpoﬂ

though at least one state was requiring capture or flar
that they were voluntarily capturing or flaring the gag
@ The study did not use the then accepted (AR-4) GW

GWP of 105, over 20% higher than the highest value B¢
played a large role in shaping the conclusions.

ethane. It used a 20 year
faccepled under the AR-5. This

Changes in gas production practices, improved e i
emissions from key production processes have uch of this anal
nal Energy Technology Laboratory:]
cumented LCAs of different fuels, with several

Among the subsequent L.CA analyses, the
completed a series of very detailed and w

focusing specifically on natural gas.

The first of these, starting in 2011, focuse y generation. It
found that while the upstream emissions of nd ions, were
higher than those of coal, the 4@t and the higher
efficiency of gas-fired powerplas imissi s fop oas than for coal on a

100 year basis ([ REF _Ref434 184436 {)silh y ne thatinatural gas-fired electricity
produces greenhouse gas emissions 39 enthan coal using the 20-year GWP, even when that
natural gas-fired electricity is generated ff e

HplAIFSATANSE VY MERGIFGRMAT |

¢ Lower than Coal,

&7 Tin Erndasions f
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Canventional Shaie Gas Undarground  Surfa
Gas Coal

The most recent NETL study in 2014 focuses on liquefied @
have suggested that the upstream methane emissions and me
associated with liquefaction, transport, and regasification of A \ akes the life-cycle emissionsi &
of such exports higher than those of coal combustion i in the targel tries. The study evalua ‘
the questxon for different U.S. LNG export locati; hdi pean and Asian ‘

iral gas (LNG) exports. Some §
ie combustion emissions

extraction and consumption used to gene

Nnn othar nctobIa T A wvog noardnrmead byl s ot o1 20 INTDZL Thaig gy AmEl 0 200 ot o

t al. in 901927 Thic &
VUL UUICL HUAUIC LU wad l}Cl 1ULIcu U_)’ L.

+
11 LULLT . LIEES SLU

GHGs as they enter the atmo
time. The analysis then dete

equaling 3% of annual production (bas emissions estimates in the 2010 EPA
Inventory) gas would have a lower cli act than coal at all times. However, the
analysis predicted,that at emission le O Inventory, switching to

forcing of the cliniag for & | before there are any appatent benefits. Similarly, at emission
levels reported in the ) , shifting to compressed natural gas vehicles from efficient
diesel vehicles would resu ter radiative forcing for 280 years, before any benefits are
produced. The study found that liGnal methane emission level would need to be reduced to
1% or less for gas to have immediate™8 cnefits compared to diesel-fueled vehicles.
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In summary, the recent and most-detailed I.CA studies consistently show that natural gas has

lower GHG emissions than coal at the burner tip, and even more so for generated electricity at
both the 20-year and 100-year lifetimes. The benefits of natural gas relative to petroleum
on the methane emissions level assumed, the technology being compared, methodolo,
the atmospheric lifetime assumed.

5.4. Meta-Analysis

Meta-analysis is the study of multiple studies to synthesize conclusions. This section
three different kinds of meta-analysis related to methane emissions.

The first study, by Heath et. al.?%, compares the greenhouse gas emi
conventionally-produced natural gas or coal by analyzing eight pe

electricity generation. These studies have emission estimates
COs2¢/kWh for shale gas due to different assumptions, compati
boundaries (the definition of which upstream operations are §
compares the emission estimates across the different studies a process called
i) of life cycle GHG

The main conclusions are that the median €8t [ GHG emissi i gas-generated

electricity are close to those from conventignal 1 1881 1 shidle gas-

generated and conventional natural-gas genctated Hat of clectricity
results:i nong the reports,

nts at all scales show that official inventories consistently

y 1th the NG [natural gas] and oil sectors as important
piments suggest that a small number of “superemitters”
ge; (iii) recent regional atmospheric studies with

study concluded that * 1
underestimate actual CH4 et
contributors; (ii) many independes
could be responsible for a large fractio
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very high emissions rates are unlikely to be representative of typical NG system leakage rates;
and (iv) assessments using 100-year impact indicators show system-wide leakage is unlikely to
be large enough to negate climate benefits of coal-to-NG substitution.” The study also
highlighted the difficulty of disaggregating methane emissions from natural gas opera
versus those from other sources. The study estimated that methane emissions from
1.25 to 1.75 times higher than the EPA [ , though again it is difficult to dé
much is from natural gas operations. It should be noted that much of the data us
was from older studies, prior to the recent adoption of voluntary and required emis
actions.

a different kind of meta-analysis, ;

B oy st

“approaches
specific area through a set of coordinated direct and ambient ements at the sam¢
single region: the Barnett shale region in Texas. This effort

inventory and analysis of all of the methane sources in the r

[ Using results from both top-down and bottom-
Harriss et al’!, estimated 50% greater methand'é 7 i)
[ Barnett shale region than thess-pul seb- : one entary.

contributor to this higher estimate was a miel/larger population of large gathering stations Commented [D17]: Not a familiar industry term ~ either

explain furtheror 2

estimated in the EPA Inventory. A second@g¥ factor was higher emission factggs for gas

Gathering stations?

production sites. The study also found that Bé ] g account for 1.2%
(1.0-1.4%) of production. Excluding oil pré
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6. Efforts to Reduce Methane Emissions

Since methane is the primary constituent of natural gas, reducing methane emissions
recovery of otherwise lost gas can often result in savings that improve industry profit v ‘ !t Commented [D18]: Cansider adding information that methane |
i emissions from hydraulically-fractured wells are down 11% since

005. Also, many companies were Using reduced emission:
stions befare the 2012 NSPS.

6.1. Federal Voluntary Programs
6.1.1. The Matural Gas STAR (KGE) Program

in 1993 that encourages

The NGS Program is a voluntary partnership established by
domcstm and mtcrnatlonal oil and natural £as compagnic

production, gathering and processing, and hission, storage, and distribul
natural gas industry. Through this progran mpanies share experience, know-how, and success
stories for methane reduction. The techniq re documented at the EPA GagSTAR website to

The NGS Program was opened up to intce ernational members in 2006, and has helped
support international companies to mit : illiotcubic feet of methane emissions to date

effective methanc regg
management), coal mintig)
oil and gas value chains, parfig
applies partnership goals/progra
international oil and gas sectors secto

municipal wastewater, and the oil and gas sectors. For the
n GMI is under the NGS International program, which
Blished in the domestic Natural Gas STAR program to
. The GMI has helped support international
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companies to mitigate 77.8 billion cubic feet of methane emissions*. Voluntary industry

participation and support of the both the NGS domestic and international programs has spurred
further federal efforts to work with industry on methane emissions, including the propo
Methane Challenge Program (described below).

6.1.3. The Chmate and Clean Al Conlition {CCAC) O# and Gas Me
Partnership (OGMP)

The CCAC OGMP is a voluntary partnership between industry and government launch
2014, whose goals include better understanding of methane emissions in the oil and gas 1116

continued systematic emissions reduction, and the creation of a platform to demomtrate A
leadership in reduction practices to the public and other stakeholders. i
under the United Nations Environmental Programme joined in theg
Department. The seven founding oil and gas companies of the ¢
Partnership include BG-Group, ENI, PEMEX, Southwestern

" Oil and Gas
¢y, Statoil, PTT, and

The CCAC OGMP serves as a forum for knowledge-sharin,
representatives of prominent national/international methane
Environmental Defense Fund, the U.S. EPA (Natural Gas S
Initiative), and the World Bank’s Global Gas Flaring Reducti
actions in the program include identification of epaifision
upstream operations, evaluation of cost-effectife
emission sources, and sharing of project surg
successes/findings. In partnering with CC4
CCAC’s “next steps,” which aim to estab
control in the oil and gas industry®s.

tion programs, including the
: gram and Global Methane

“ports and emission reduc ‘
dustry members are contributing towards
ternational standards for emissnisn reduction

6.1.4. Matural Gas STAR Methape O

e Program (“Methage Uhalienge™)
Proposed Framework :

In 2015, the U.S. EPA propose ‘ ion program, called
“Methane Challenge”. The new pre described as a “pla or leading companies,” in
promoting cost-effective methane emi duction from the oil and gas industry®®. As part of
the proposed program, industry partners; ‘ ic emission reduction goals and track
progress through federal emission repg inig i @ubpart W of the Greenhouse Gas
Reporting Proggém >t ‘ of thi T vambitious commitments” on the
i Apting public sharing of
accomplishments and pggress “ ¢ five-year program is anticipated to start by the end of the

2

2015, according to the EPAGAL ietime of this paper’s publication, details of this program .~ Commented {Ens]:crsa;gews? '

remain to be worked out, but it o include a best practices component.
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6.2, Industry Voluntary Programs

6.2.1. The Center for Sustainable Shale Development (USSD)

The CSSD is a nonprofit organization consisting of industry partners and non-gove
environmental organizations whose objective is to set and achieve industry-leadi

pollutants as well as methane emissions. The methane standards address flaring limitatg]
of green completions and storage tank emission controls41 The performance standards

leading pracuces CSSD partners 1nclude the Benedum Fou daf
Force, CONSOL Energy, Environmental Defense Fund, EQ ‘
and Pollution, Pennsylvania Environmental Council, and Shi

£.2.2. Our Nation's Energy Fature Coalition (ONE
ONE Future is a coalition of companies in the nagugal gas s - thal are Bemmitted to

management of methane emissions associal
distribution of natural gas**”” Members of £

Columbia Pipeline Group, and National Gf ‘ 5 & e committed to
reducing methane emissions from their o

99% efficiency in the natural
emis sions across the entire

benefits™®.

6.3, Federd

The Obama Administration
methane from all sources. [1Jat
commitment to take action to redd
from 2012 emission levels by 2025

ssued an Executive Order focusing on reductions of

015 Obama Administration expressed a policy

¢ emissions from the oil and gas industry by 40-45%
iety of regulatory and non-regulatory actions*.
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The primary regulatory focus is through regulation by the EPA. Though not described here, other
federal regulatory efforts aimed at reducing emissions from oil and natural gas operations
include the Department of Interior’s Bureau of Land Management’s (BLM) proposed st
reduce emission from oil/gas wells on public lands"’, the Department of Transportatig
and Hazardous Materials Safety Administration) new research into pipeline safety

better detection of leaks/methane fugitives)*®, and Department of Energy’s (DOE)s
support for emissions reduction from transportation and distribution infrastructug

Under the Clean Air Act, the U.S. EPA is responsible for establishing air quality stand
including emission standards known as “New Source Performance Standards (NSPS) for
and modified stationary pollution sources in source categoﬁes that significan

regulate methane emissions from thc natural gas industry.

6.3.1. NSPS, Subpart QOO0 - Standards of Perfery
Mataral Gas Production, Transmission and

The Clean Air Act requires the EPA to issue regulations to ré@uee specified air pollutants from |
industry sources under the New Source Performance Standar (D 8PS) program. The NSPS

processing plants, sweetening units at procegsi 5, ce
compressors, and storage vessels. NSPS ’ 10000 regulates volatile organic compounds
(VOCs) and sulfur dioxide emissions fronj 3¢ oil and natural gas industry, but not methane.
However, methane emissions are reduced 888
this regulation. Perhaps the most significan
reduce emissions from completion flowback®
capturing the gas through redyge

The final updates and clarifica’ December 19, 2014
These standards were expected to m “more than 11,000 new
hydraulically fractured gas wells each

methane, the methane is contained in thg same ga Streams as the VOCs, so the regulations have

e Y ARABIC \o 3 - Owervisw of MSPS OO00 Provisions

Fable { SIYVLE
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Hydraulically fractured low pressure wells,

All other hydraulically fractured gas wells

Reciprocating compressors

g p
controllers with a bleed rate greater than 6 scth

between wellhead and natural gas processing

Alaan s wnth NADRO NN tha T A cnxr o it
nu)ué Wikl (NS S UUUU, UIC Bi A TCVISCru

include emission reduction targets for co

The NESHAP Subpart HH regulations
that are specifically applicable to natug

| Gns Production Facilities {*m o

Route tlowback emission to completion

Use REC and route flowback em
completion combustion device 4

Change rod packmg after 26,
36 months

nission Standards for

QITAD Cyihanar + ITET Tha NEBOITAD alac
SOLAL QuU!lalL LLEL. 11T 1N\ 11“\1 aies

classified as hazardous airjpe
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Table | 5TVLEREF 1% - S5O Tabde Y ARSARIC Y5 1 1 - Sunwnary of NESHAP HH Reguiremsads

Established MACT standards for
previously unregulated source New sources —4.66 x 104
Existing sources — 3.284

Small glycol dehydrators e,
H-ppmviRg
g/sem-ppmv

Associated equipment Revised definition to exclude all
storage vessels

Valves — equipment leaks Revised definition of leak Leak Detection and Repair (L A
must be applied at 500 pp:

All affected sources Eliminated exemption from compliance at all times
during periods of startup, shutdown and

malfunction

6.3.3. NEPS Proposed Begndations 0000 2815

On August 18, 2015, the EPA proposed updates to NSPS Suby
operations to further reduce methane and VOC emissions for
and gas industry. EPA has further proposed creating NSPS OO
methane directly as a pollutant. NSPS OOOOa pr
emission sources not currently covered by the i
emission sources that are currently covered les have a basts in a
set of EPA technical white papers, which
hydraulically fractured oil well completio:

slgest sl At s S
puculu'a‘u\; acvices .

it OOO0O for oil and gas
¥iand modified sources in the
‘hich would regulate

Specifically, NSPS OO0Oa proposes emissy

# Pneumatic controllers
w Hydraulically fracture

= Leak detection for well sites
compressor stations;

= Natural gas-driven pneumatic puips valliscoments, if a control device is already
present (Zgro emissions from p ‘

1 standard cubic meters
2 parts per million by volume
B | eak Detection and Repair
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= Performance testing and monitoring of control devices used to control storage vessel
emissions™.

= Minimum of annual leak surveys with optical gas imaging on perhaps 1,000 com
station component parts and, depending on the results of those surveys, leak r
made within 15 days of detection, regardless of leak size.

Stakeholders have submitted comments and a final rule is expected in 2016.

6.4. State Regulation of Methane Emissions

Several states have issued regulations and/or guidance on methane emissions from oil and 24 .
operations with varying levels of methane-specificity and stringency. The majority of states do * :
not include language specific to reduction of methane in existing regulétions: The
exception to this generalization is Colorado, which became the fi
emissions directly as a GHG. Colorado’s rules for methane emy
Department of Public Health and Environment’s Regulation N
Ozone Precursors And Control of Hydrocarbons Via Oil and
include provisions for emissions-type/equipment/processes it
including:

tber 7, “Control of Ozonc¥
8 Emissions®®.” The state’s

= Associated gas; "

Hydrc 3
Liquids unloading eventss
Rod-packing on reciprocating
COMPressors; and

= Centrifugal compressor seals (wet
and dry);

= Above ground equipment fugitive
emissions;

Elasssas
= [Ilares;

w  Gas well complet

w (Gas-driven pneumatic controllers; |

Though not directly regulating e tates Fegy on from oil/gas
operations, which result in redti] ‘ 5, dep “the regulated
process/equipment and process/eq ) crati iti Scveral other states are
developing regulations related to methe Siens. Pennsylvania is developing regulations
related to upstream and midstream emisg over,
regulation relatedsto methane emissig

= California®$ Bill N 7V was passed on Sepfémber 21, 2014 and outlines rules and
procedures “gOVerming. jperation, maintenance, repair, and replacement of
commission-regula 8 pipeline facilities that are intrastate transmission and
distribution lines to minik s.” The objective of the bill is to reduce natural gas
emissions from gas facilitios] port achievement of the greenhouse gas reductions
outlined in the California Globall8Wamine Solutions Act of 2006. This Act aims to
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decrease California’s GHG emissions to 1990 levels by 2020, which amounts to a 15%
reduction. The bill requires gas companies to file a report that summarizes: utility leak
management practices, a list of new methane leaks in 2013 by grade, a list of opeg
that are being monitored or are scheduled to be repaired, and a best estimate of g
due to leaks. In addition, the bill states that “it would require the commission
commence a proceeding by January 15, 2015 to adopt these rules and procg
proceeding is in progress. ‘

= Oregon Bill No.844 was passed by the Oregon State Senate on June 19, 24 ]
signed by the governor on July 1, 2013.The bill states that “the PUC shall esld ‘
voluntary emission reduction program for the purposes of incentivizing public utiligiest
that furnish natural gas to invest in projects that rcducc crmssmns and providing bencHig
to customers of public utilities that furnish natural gas.” .

& Massachusetts Bill No. 4164 was passed on June 13, 2012 5 :
pipelines and gathering lines. While it does not specifically# 4o 1S on emission
outlines a natural gas leak classification system and a pfioi
requires gas companies to prioritize the repair of gas If
defined as any area within “50 feet of any school propé!
companies have to annually report the location of allith
Public Utilities. Gas companies may also file a Gas S¥8i
which outlines their plan for replacing leak-prone infr2
includes infrastructure constructed from non-cathodicalfy
wrought iron. The Department of Public
progress and the reporting made by the anies regardigg

& within school zones, Whigl s
/.’ In addition, the gas \

leaks to the Department of §
'm Enhancement Plan (GSEP)
gture within 20 years, which j
e ted steel, cast iron, andi®
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7. Conclusions

The main conclusions of this review include:

@ Natural gas has the lowest direct emissions of CO; of all fossil fuels as well

[ emissions of conventional pollutants.

= Recent development of North American shale gas resources has increasd ¢
and reduced the price of natural gas.
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businesses. Methane is a greenhouse gas that has a climate-forcing effect 28 to 36 t1
greater than CO;z according to the most recent global warming factors doled by the
International Protocol on Climate Change. Methane’s lifeti > at ¢

[ 12 years.

... The U.S. EPA Inventory of Greenhouse Gases is the offigial
emissions and the only economy-wide, national invenfor
methane emissions from the gas industry were 2.4%
[ U.S. gas production.

#®  According to the EPA Inventory, methane emissions
been declining continuously since the early 1990s.1

@ wMethane emissions per unit of ga

& The EPA Inventory is based in
being updated as new informat

#®
e

qev,:q\(\ a\\

= Interest in methane emyssions 948 indnsn iglan increase in research
on this topic. : ‘ ‘

and facilities have emissiof

number of sources — “superemitte ominate the emission profile. They also show
that some segments and souig ‘ are under-represented in the inventory.

# Ambignt measurement studies) : sults — from locally higher methane
emi et emissions. The results are

[ gas production in the regions being measured.

+  Two recent analySes'of systematic effort to reconcile simultaneous top-down and
bottom-up measurenienfs ted that that methane emissions in a major gas-
producing region could £6:90% higher than the estimates based on EPA
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calculations. The major factors driving this difference were underrepresentation of

sources in the EPA estimate and the influence of superemitters.
The most detailed and authoritative life-cycle analyses show that the life- cycle emissiot
of natural gas are 40 to 50% lower than coal on a 100 year basis. 3

The gas industry is continuing to reduce methane emissions through volun ATy
and in response to regulation by the federal and state governments. 4
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& Appendix

This Appendix summarizes 74 recent studies related to methane emissions from the naturgdggas =
industries. The studies are listed chronologically, from oldest to most recent.

1) A Commitment to Air Quality in the Barnett Shale. The Texas Commission of
Environmental Quality. (May 2010). Published online by the TCEQ.

Texas Commission on Environmental Quality studied air emissions in the Barnett Shaj
near Dallas-Fort Worth. They concluded that that emissions levels were less than harmfulé
health limits.

2) Southwestern Pennsylvania Marcellus Shale Short-Term Ambi
Pennsylvania Department of Environmental Protection, Bure
2010). Published online by the PDEP. ¢

Since 2005, natural gas exploration activities in the Marcellysi ‘
significantly in the Commonwealth of Pennsylvania. The Pe

The key findings are as follows:

e Short-term sampling did detect

centrations of certain natural gas constituents
including methane, ethane and pré st

ana associated compounas as Den7ene in

e Certain compounds, fain | afdeyels which generally
produce odors. ‘ ” ;

federal standardgs
e A specialized infrag
source that otherwise may
from sources at the Energ¥
to the ambient concentrations de|

era that can detect emissions of certain pollutants from a

invisible to the naked eye, did detect fugitive emissions

mpressor Station. These emissions could contribute
bat the site.
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3) Northeastern Pennsylvania Marcellus Shale Short-Term Ambient Air Sampling Report:
Pennsylvania Department of Environmental Protection, Bureau of Air Quality. (January
2010). Published online by the PDEP.

In response to the increased number of well sites and concerns about the impact of th
Shale natural gas development activities on air quality, the Pennsylvania Departm,
Environmental Protection (PA DEP or Department) launched a short-term, screg
quality sampling initiative in the northeast region in August 2010 culminating i

The key findings of the short-term air sampling surveys are provided as follows:

e Concentrations of certain natural gas constituents including methas
butane, and associated compounds, in the air near Marcg
were detected during the four sampling weeks.

e Elevated methane levels were detected in the ambieg
conducted at two compressor stations (the Lathrop and
well sites (Carter Road and Loomis well sites).

e Certain compounds, mainly methyl mercaptan, we
produce odors.

e Results of the limited ambient air sampling initiati\
1denufy conccntratlons of any compound that would

¢l compressor statlons)

ected at levels which genera

the northeast region did
ehy trigger air-related he

sites. However, the Department is iable to determine at this ume W
cumulative emissions of criteria poliftants from natural gas exploration activities will
result in violations of the health and Welfare-based federal standards. g,
i detect emissions of certaifi @ollutants from a
source that otherwise may be invisiBlghto the naked eye, did detect i itive and direct

4) Methane and the Greenhgi y i Ng a S : | ations: Robert
Howarth and Anthony Ing¥af 1ate Change

679-690.
This study uses emissions estimates fromyg inves 1gat10ns to conclude that the lifecycle GHG
footprint of shale gas | is at least 20% aler (he : perhaps more than twice as large on a
20-year horizong ‘ ‘ le.cas production were also found to

in venting and leaks over the lifetime of a well. These

ore than and perhaps more than twice as great as those
@oncludes that “substituting shale gas for other fossil fuels
Gt mitigating climate warming?®,” and cites, “we

production escapes {0 i
methane emissions are at
from conventional gas®." Thi
(oil or coal) may not have the desu
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urge more direct measurements and refined accounting to better quantify for lost and
unaccounted for gas®.”

5) Indirect Emissions of Carbon Dioxide from Marcellus Shale Gas Development: Robert
Howarth and Anthony Ingraftea. (June 2011). Published online by Comell Univgts:

This study analyzes the indirect emissions of carbon dioxide associated with sh:
development without direct measurement, focusing on the Marcellus shale regioni
concludes that "methane dominates the GHG footprint of shale gas, at least when view
the 20-year time horizon®." “Our estimated indirect CO2 emissions from shale gas are 0.0%4]
0.45 g C/M1J greater than that reported for conventional gas (Woods et al., 2011). Still, a far
greater part of the GHG footprint of shale gas comes from methane veunti
(Howarth et al., 2011)%1." "The indirect CO2 emissions from deve
but they are small compared to direct CO2 emissions as the ga:
the greenhouse gas footprint of shale gas comes from methang
largest component of indirect CO2 emissions was found to cg
g C/MD).

itned. A far greate
mting and leakage®."Th
f from production engines (

6) City of Fort Worth Natural Gas Air Quality Study: Easteriy
Environmental Consulting. (July 2011). Published online b¥

rch Group, Sage

"In this study [2010], air pollution levels of nea
Air Pollutants - HAPs - were measured over gt
stations at eight different locations in Fort
methane emissions/year to be 19,030 tons
mitigation efforts to reduce air pollution @
including: 1.) installing vapor recovery un

) onth period Wlth
3 " The report estimated lota
(0.9 Bet/year). The report recommended emission
atural gas production operatioms in the area;
storage tanks, 2.) using electf i lly to power

7) Life Cycle Greenhouse Gas Emissi | g . Jiang et. al. (August 2011)

This study estimage ; NG missions from the production of
Marcellus shalefatiizal cas i s emissio tional average US natural gas
emissions producéd e 08, ri igni arcellus shale development. The
study estimates that tk ‘ Fand completion of a typical Marcellus shale well results in
roughly 1.8 g CO2¢/MJ of g iced, assuming conservative estimates of the production
lifetime of a typical well. This repgg 11% increase in GHG emissions relative to average
domestic gas (excluding combustion)'s increase relative to the life cycle emissions when
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combustion is included. Green completion and capturing the gas for market that would otherwise
be flared or vented, could reduce the emissions associated with completion and thus would

significantly reduce the largest source of emissions specific to Marcellus shale preprodug
Natural gas from the Marcellus shale has generally lower life cycle GHG emissions th «
production of electricity in the absence of any effective carbon capture and storage Jroee
20-50% depending upon plant efficiencies and natural gas emissions variability. 4

8) Coal to Gas: Influence of Methane Leakage. Tom Wigley. (August 2011)
Climage Change: Volume 108, Issue 3, pages 601-608

This study finds that methane emissions from the oil and gas sectors offsets the reductions
associated with the transition of coal to natural gas-generated power. Jigh
"Our results show that the substitution of gas for coal as an energySoure

rather decreased global warming for many decades - out to the ndid
leakage case. This is in accordance with Hayhoe et al. (2002)
of Howarth et al. (2011) who based their analysis on Global ¥
direct modeling of the climate5®." Based on analyses perfor
"the temperature differences between the baseline and coal-tg
0.1° C) out to at least 2020. The most important result, howev ‘
authors, is that, unless leakage rates for new methane can be keft
coal is not an effective means for reducing the mg :

fhe less well eatabhsh i
ing Potentials rather than

in the study, the report states,

§ scenarios are small (less tha

\accord with the above “

w 2%, substituting gas f

ouse Gas Emissions from Upstreant Natural Gas
oss, and Surya Raja. (August 2011). Published

9) Mismeasuring Methane: Estimating Gy
Development. Mary Marcela, Samantija
online. .

methane captured during well co:
The assumptions underlying EPA

#s high as EPA and Howarth assume, extremely hazardous
conditions would B¢ at the well site. Such conditions would not be permitted by
industry or regulators. 8 gason, if no other, the estimates are not credible.

e EPA has proposed additiong dation of hydraulically fractured gas wells under the
Clean Air Act. For the most p oposed regulations are already standard industry
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practice and are unlikely to significantly reduce upstream GHG emissions. However,
measured emissions could be significantly lower than EPA-inflated estimates. The
greatest benefit of the proposed regulations is likely to be better documentation
GHG emissions from upstream natural gas development.

10) The Greenhouse Impact of Unconventional Gas for Electricity Generation. Hulf
(October 2011). Environmental Research Letters: Volume 6, Number 4.

New techniques to extract natural gas from unconventional resources have becom il
competitive over the past several years, leading to a rapid expansion in natural gas pro 1
this report, the GHG footprints of conventional natural gas, unconventional natural gas (i.e.
gas that has been produced using the process of hydraulic fracturing, or - and coal are
compared in a transparent and consistent way, focusing primarily og
sector. The report shows that electricity generation the GHG imy
than those of conventional gas, and only 56% that of coal for

11) Greater Focus Needed on Methane Leakage from Natural
(December 2011). Proceedings of the National Academ
Volume 109, Number 17, pages 6435-6440.

mt, policy-relevant analytical approach to examine
nt fuel technology choices. In i&dmon thls study

switching scenarios. TWPs provide a tran:
the time-dependent climate influence of diff
shows that while CHj leakage from natura

d dings. The latest EPA estimate

those cn'ticisms, standir initial approac,h :
for methane emissions g S falls within the range of our estimates but not those of
Cathles et al. which are sul fialiylower. Cathles et al. believe the focus should be just on
electricity generation, and the global Wltming potential of methane should be considered only on
a 100-year time scale. The Howarth a vered both electricity (30% of US usage) and heat
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generation (the largest usage), and they evaluated both 20- and 100-year integrated time frames
for methane. Using all available information and the latest climate science, Howarth still
concludes that for most uses, the GHG footprint of shale gas is greater than that of other g8
fuels on time scales of up to 100 years. When used to generate electricity, the shale-
is still significantly greater than that of coal at decadal time scales but is less at the g

13) Air Sampling Reveals High Emissions from Gas Field. [ HYPERLINK
"http://www.nature.com/news/air-sampling-reveals-high-emissions-from-gas-fi

1" ] (February 2012). Nature: Volume 482, Issue 7384, pages 139-140.

( hersatthe :

e ity of Colorado, Bould
study estimates that natural-gas producers in an area known 3 Denver-Julesburg Basin
losing about 4% of their gas to the atmosphere — not inclw
and distribution system. This is more than double the official

estimates made in 2011 that have been challenged by indus

14) Press Release: Response to Howarth et al’s
online by Cornell University. ‘

In April of 2011 Howarth, Ingratfea and :

Climatic (‘.hange to essentially argue that

o published online a letter in the journal

s a “cleaner” fuel than na

#as in terms of ar

nhouse gas emissions. This is a commentafy omhflaws in Howarth’s analys h can be

summarized as:

) , 1. Cathles (June 2012)
Geochemistry, Ged cosystems: Volume 13, Issue 6.
This study shows that the sub? ‘
of that which could be attained by
rates that are ~1% of production, which¥

natural gas [for coal] reduces global warming by 40%
iution of zero carbon sources. At methane leakage
 to today’s probable leakage rate of ~1.5% of
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production, the 40% benefit is realized as gas substitution occurs. For short transitions of 40
years, the leakage rate must be more than 10% to 15% for gas substitution not to reduce
warming,.

16) Climate Impact of Potential Shale Gas Production in the E.U.: Daniel Forster a
Perks (July 2012). Report for the European Commission Directorate-General
Action. Published online.

on the potential climate implications of possible future shale gas production in Europe. Somg
studies have concluded 1hc1t the lifecycle GHG emissions from shale gas may bc larger than

the shale gas extraction site. The use of best prac
significantly reduce emissions relative to other practidg
e The overview analysis of the EU legal acts identified
that there are very few requirements applice 3
gas projects.

e In order to ensure the effective conge

Emissions from Natural Gas |
Pubhshed online by the Amegican Petroleum

17) Characterizing Pivotal Sources of Meth
Shires and Miriam Lev-On (September

ssulted in liquids unloading and unconventional gas well re-
lower than EPA’s estimated emissions from natural gas

activities and practi
fracture rates that are sub
production.
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18) Shale Gas Production: Potential Versus Actual Greenhouse Gas Emissions. Francis O’
Sullivan and Sergey Paltsev. (November 2012). Environmental Research Letters: Volume 7
Number 4.

This report assesses the level of GHG emissions from shale gas well hydraulic fract
operations in the United States during 2010. Data from each of the approximately
horizontal shale gas wells brought online that year is used to show that about 90
potential fugitive emissions were generated by these operations, or 228 Mg CH4%
figure inappropriately used in analyses of the GHG impact of shale gas. Along with s
venting gas produced during the completion of shale gas wells, two additional technique
widely used to handle these potential emissions, gas flaring, and reduced emissions “green”
completions. The use of flaring and reduced emission completions redug ]
fugitive emissions from shale well completion operations to abouf@i1
per well, a release substantially lower than several widely quote

Colorado Front Range” k.

19) Comment on “Hydrocarbon Emissions Characterization ‘ ‘
bhysical Research: Volume 1

Pilot Study. Michael Levi (November 2012). Journal of
Issue D21. ‘

ntrations in air in
vented from oil g

Petron et al. [2012] have recently observed and analyzed alka
Colorado's Weld County and used them to estimate, ihe ]
gas operations in the Denver-Julesburg Basin. Jliéy gonclude that the
are most likely underestimated in current iny
venting rely on unfounded assumptions abgh
shows that changing the assumptions in th

that are consistent with current inventor:
tiat are consistent with current mvenory

e composition of vented natural gas™This study

tron et al. study results in a new set of estimates
inconsistent with the estimatediin P

1RCONSISICHL Wiul UiC CSUITIGC a1

etron et al
ewon et an

20) Life Cycle Greenhouse Gas Emissions afigh
Ian J. Laurenzi and Gilbert R. Jersey (Apf !
Volume 47, Issue 9, page#896-4903.

eshwater Consumption of Mageellus Shale Gas.
3). Environmental Scie % Technology:

ss GHG em: over th ¢ yele of Marcellus
ctricity at a combined cycle gas turbine (CCGT)
assess the life cycle freshwater consumption

The primary goal of this study
shale gas from the well pad to generat
power plant. The secondary goal of the
associated with shale gas. This include
evaporative coolifig

Results indicate that
confidence interval: 450
gal/MWh (80% CI: 185-305%
hydraulic fracturing constitute o
cycle freshwater consumption. Thes

s gas life cycle yield¥466 kg CO2eq/MWh (80%
eq/MWh) of greenhouse gas (GHG) emissions and 224
) of freshwater consumption. Operations associated with
“oef the life cycle GHG emissions, and 6.2% of the life
‘ > influenced most strongly by the estimated
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ultimate recovery (EUR) of the well and the power and the power plant efficiency: increase in
either quantity will reduce both life cycle freshwater consumption and GHG emissions relative to
power generated at the plant.

21) Natural Gas and Climate Change. Eric D. Larson (May 2013). Published onlin
Central.

Climate Central has developed an interactive graphic that makes it easy to visualiy
greenhouse benefits of converting power generation from coal to natural gas for difte
assumptions of methane leak rates and coal-to-gas conversion rates while also considering®a
methane’s greenhouse potency over time. The EPA recently estimated methane leaks in the

natural gas system at 1.5 percent. A 1.5 percent leak rate would achi i
reduction in greenhouse gas (GHG) emissions, at the individual py

all estimates availab
its to guide decision-makin;
from coal to gas in power

ion in GHG emissions typically

However, EPA’s estimate contains significant uncertainty, ang

peer-reviewed literature, lacks sufficient real-world measures
the national level. Climate Central found that the ongoing s ‘
generation in the U.S. is unlikely to provide the 50 percent redu
attributed to it over the next three to four decades, unless gas'

(greater than 5 percent per year).

22) Redrawing the Energy-Climate Map. Faitli Btrol et. al (June 2013).
Special Report. Published online by thg #filernational Energy Agency.
The world is not on track to meet the target agreed by governments to limi

the average global temperature to 2 degreel
countries, global energy-related CO emissig

Limiting the construction & f the least-¢ 1clen ired power plants (21%)
1 §ifizom upstream oil and gas production (18%)
ies

This report also g sures would reduce global energy-
related emissio: ia today. Ensuring the new

subcritical coal-fircd{g er built, and limitin ¢ use of the least efficient existing
ones, would reduce emi 0 Mt in 2020 and also help efforts to curb local air pollution.

Methane releases into the atmé
halved in 2020, compared with lev
a partial phase-out of fossil-fuel subsidt

from the upstream oil and gas industry would be almost
thewyise expected. In addition, accelerated action towards
lild reduce CO2 emissions by 360 Mt in 2020 and
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enable energy efficiency policies. The report also concludes that the energy sector is not immune
{from the physical impacts of climate change and must adapt, and that the financial implications
of stronger climate policies are not uniform across the energy industry and corporate str
will need to adjust accordingly. Delaying stronger climate action to 2020 would comg
$1.5 trillion in low-carbon investments are avoided before 2020, but $5 trillion in a
investments would be required thereafter to get back on track.

23) Leveraging Natural Gas to Reduce Greenhouse Gas Emissions. Center for Chi
Energy Solutions (June 2013). Published online by the Center for Climate and En
Solutions.

This study states that natural gas is a potent greenhouse gas and the di
during production, transmission, and distribution may offset the paf
expanded use across the economy. This study concludes that thg ;
replacement for coal and petroleum can help out efforts to red
substituting natural gas for other fossil fuels, direct releases gf
be minimized.

(] ‘ -“‘ use of nd
GHG emissions. Along
ethane into the atmosphere

24) The President’s Climate Action Plan (June 2013). Publis line by the Executive Otfice, ‘

of the President.

In 2009, President Obama made a commitmeni@ £¢i "U.S. gree
range of 17 percent below 2005 levels by 202 1s document outlines J6d
Administration will take — in partnership ates, local communities, and the private sector —
to continue on a path to meeting the President’s 2020 goal. Achieving this goal includes the

followi nttnoicarbonrooliution building a 21st-century transiBgtation

o :
following: cutting carbonrpolintion in  building a 21 gt-century frang

cutting energy waste in homes, businesses\@nifactories, reducing other greej Qlise gas

Allen et al. (August 2013). P10 edirigs ional Acader Science of the United
States of America: Volume 110,

ows thatieg from pneumatic controllers and
equipment leak$ Hational emission pgojestions. These measurements will
help inform policy : S, 1 %, and industry, providing information about some of the
sources of methane emis ‘ roduction of natural gas.
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26) Methane Emission Estimates from Airborne Measurements over a western United States
Natural Gas Field. Karion et al. (August 2013). Geophysical Research Letters: Volume 40,
Issue 16, pages 4393-4397.

This study uses atmospheric measurements in a mass balance approach to estimate
emissions from a natural gas and oil production field in Uintah County, Utah. Ga
were determined to be 8.8 + 2.6% of natural gas production in the Uintah Count
gas field. This emissions estimate is 1.8 to 38 times the inventory-based estimat
region and five times the U.S. EPA nationwide average estimate of leakage from the pradi

and processing of natural gas. This study demonstrates the mass balance technique as a valy
tool for estimating emissions from oil and gas production regions and illustrates the need for
further atmospheric measurements to determine the representativen igle~day estimate
and to better assess inventories of CHa emissions.

er et al. (October 20
d States: Volume 110, Nu

27) Anthropogenic Emissions of Methane in the United States{
Proceedings of the National Academy of Sciences of the }
50, pages 20018-20022.

This ambient measurement study estimates anthropogenic CH
for 2007 and 2008 using comprehensive CHy observatlons at
towers and from aircraft, combined w1th an atmosph

inventory and the Emissions Database for

ragnactivaly
respecuvery.

value of 12.45 scf/leak-hour in the EPA
for Subpart W (2010) and the EPA Inve: ‘ the study identified EFs approximately
77% less for leaks from PE pipes. ‘

29) Why Every Envi ot av Kihg. Richard Muller (December
2013). Publisha eriter for Policy Studie”

This report states that shalct
deadly pollution known as PM2%
primarily in the developing world.

t only reduce greenhouse gas emissions, but also reduce a
uxrently killing over three million people each year,
ipt.also concludes that environmentalists should
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recognize the shale gas revolution as beneficial to society and lend their full support to helping it
advance.

30) Reduced Emissions of CO2, NOx, and SO2 from U.S. power plants owing to
coal to natural gas with combined cycle technology. NOAA (January 2014).
Earth’s Future: Volume 2, Issue 2, pages 75-82.

The aim of this study was to compare emission rates from U.S. power plant ele: :
units for three air pollutants/GHGs (direct or indirect): CO2, NOx, and SO2, using p fish
continuous emission measurement system (CEMS) data. The study concluded that combink
cycle power plants using natural gas emit on average 44% less CO2, compared with coal powe
plants. A caveat of the study was that these benefits in emission reduct :
coal to natural gas should be "weighed against the increase in emiggions )
organic compounds and other trace gascs that are associated wi g production, pro
storage and transport of natural gas.” .

31) Methane Leaks from North American Natural Gas Syste!
Science. Volume 343, Number 6172, pages 733-735.

Brandt et al. (February 2014) ¥

This meta-study reported that methane emissions from both t
systems appear larger than official estimates. The g
emissions inventories may be under-predictin
with respect to current technologies and pragf
factors; 3.) Small sample sizes; and 4.) "Agth
contradictory, incomplete, and of unknowg

methane emitting sources are a maior s
methane emtiing sources are a major s

d Canadian natural gasg

.) Wide confidence 11t :
and device counts used in inven
resentativeness." The study reports that high

on emissions from the industry A.l that methane
QUL emissions irom (e maustry minat methane

spgineers can develop reliable)
gh-emitting sources.”

reduction opportunities exist “if scientists 4
methods to identify and fix the small fraction

sibly remote)

32) GHG Emissions Associat

ith Shale G: - Tica's Depaf . mtt of Environmental
Affairs (February 2014). g

d online by [hL

related to hydraulic fracturing in South A environmental impacts. The country is
looking to develop national gas resourg ependence on coal. The report analyzes
emissions esti {1 10US B and provides emissions estimates
associated with ale gas off i S sielec ricity generation, direct use, and

ect measurements of GHG emissions, in order to better
shale gas extraction, production, and use in South

research is required, particulad (
understand the GHG emissions inf
Africa .”
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33) Economic Analysis of Methane Emission Reduction Opportunities in the U.S. Onshore Oil
and Natural Gas Industries (March 2014) Prepared for Environmental Defense Fund by ICF
International

This study developed a marginal abatement cost (MAC) curve for methane reduction$ ;
oil and gas sectors. The study projected methane emissions to 2018 and then identg
characterized available and technically feasible methane reduction technologies
largest emitting sectors. The projection estimated that over 90% of emissions in 2¢{8
sources that were in place in 2012. Approximately 80% of the projected emissions wet
of the over 100 source categories. Industry sources provided information on cost and

performance of the technologies. The analysis estimated that methane emissions could be
reduced by 40% at a net annualized cost of $0.66/Mct of methane red

34) Energy Systems Assessment: Intergovernmental Panel ogl
Published online by the Intergovernmental Panel on Clima

data/studies. It found that %
reduction of GHG emissions
spurred discussion of
concluded that GHG 4

This report presents and analyzes previously published emis
hydraulic fracturing and horizontal drilling have contributed!
in the United States and mentions that increased natural gas
fugitive methane emissions from conventional and shale gas.
emissions can be reduced from the power generatiomi@stor with
plants with natural gas combined cycle (NGCGiffpower p
(CHP) plants, under the conditions that natuu@
associated with its extraction and supply
understanding of methane emissions assod

or mitigated .” The report acknowledges gaps in
with power generatmn statmg “Ihere is a gap in

our l\llOVV lcugc COncer lllllg Luglll Ve L./ﬂ‘l‘ C
the increasing exploitation of unconventio:

development. Robert Hoy
106, Issue 4, pages 670-¢

In this study, ambient methane emissta
the Marcellus shale in June 2012. The s
(~1.8 1t3/s) per well in the drilling phas
the U.S. EPA esj i
fugitive metharié
states, "Using our tops
contribution (22-62%), a
the fugitive methane emission
to these two specific study dates .4
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36) National Climate Assessment: U.S. Federal Government Advisory Committee (May 2014).
Published online.

Methane emissions from the oil and gas sectors was covered at a high level in this
comprehensive federal report on climate change in the U.S. The report is produced
by 13 U.S. federal departments and agencies, including the EPA, DOE, and DOT
reported that increased natural gas consumption could reduce U.S. GHG emisst
with use of other fossil fuels. The report states, “as an energy source, natural gas
have a major advantage over coal and oil; when combusted, it emits less CO2 per umit'efig
than other fossil fuels, and fewer pollutants like black carbon (soot) and mercury." The stud
posits, “There is considerable uncertainty about these estimates, and it is an actlve area of
research. While technological improvements may reduce this leakage
comparison between natural gas and coal more complex from a ¢

37) A New Look At Methane and Nonmethane Hydrocarbon
Gas Operations in the Colorado Denver-Julesberg Basin. [Pef
Geophysical Research: Volume 119, Issue 11, pages 68366

) mental Protection

ies are needed to evaluate

duction regions and (2) the actual impacts of
cement practices including LeaksDetection and

higher than an hourly estimate based on the B
2012. The study concluded: "More top-do
emission inventories for dry gas/wet gas/
emission mitigation regulations and best

Repair programs®."

38) CO2, Methane, and Brine g Modeling,
Measurement, and Polic

Methane emission measurements 2

identified between 280,000-970,000 aba

hibton'cal records The study used meas Slns data and applied rates to the total

ified in the study. "Three of the 19 measured wells are

8 govern the average flux, more field measurements are
ould be aimed at identifying attributes that aid in finding
in both plugged and unplugged wells® " The study

ihmnecthane emissions from abandoned oil and gas

abandoned oil and 3

high emitters. Because It
needed. Such measurement"
these emitters. Leakage was fou
states that there is high uncertainty r&
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wells due to uncertainties in the number of wells drilled over the years and variability in methane
emissions per well. Regarding the fact that abandoned oil and gas wells are not included in any
emission inventories, the study states, “This is not surprising since methane emissions fr
wells are not included in any emissions inventories, and the implied assumption in abe
regulations is that leakage will not occur. The result is a lack of information to quantify ¢
emissions from these wells, which depend on the number of wells and the methan
well. Both of these are uncertain, which makes evaluating the effectiveness of ag
reduction strategies difficult”."

39) Natural Gas Fugitive Emissions Rates Constrained by Global Atmospheric Methan
Ethane. NOAA. (June 2014). Environmental Science & Technology. Volume 48, Issue ¥
pages 7714-7722.

This study used a top down approach to estimate a global methang
of production, from an estimated mass balance of methane and § ‘
1985-2011. The emissions estimates were based on atmosphesy
data collected by NOAA as well as data published in literatu
emissions from the natural gas value chain are between 2-49
2000. This estimate is higher than comparable inventories cif
leakage rate of 1.1-3.2%. The researchers stated in the report
analysis of key parameters (atmospheric lifetimes, natural gas
would provide a more detailed characterization ¢
requires composition data by well type (NG, gil} thie
detail.” .

ethane and ethane emi
e study concluded that
ith a clear downward trend si
h the report, which estimated
¢ formal uncertainty

and composition),

e not currently'a

40) Evaluation of Impact of Shale Gas Op
Organic Compounds in Air and Potent
Science of The Total Environment. Vo

ns in the Bamett Shale Regionh(iH Volatile
uman Health Risks: A.G. Bung@igt al. (July 2014)

1168-469, pages 832-842.

VOCs associated with sha {1t dc mparison values.
VOCs associated with shale ga acceptable chronic risk and hazard.
OC levels that pose a health concerns.

Pennsvlvama o

Academy of Scien ed States: Volume 111, Number 30, pages 10955-10960.

This study analyzed 75,505 w
gas wells in Pennsylvania drilled 1%
project was to determine statistics reg;

iance reports for 41,381 conventional and unconventional
g.period Jan. 2000-December 2012. The aim of the
lence of well casing and cement impairment.
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The study does not provide methane emissions estimates from analyzed wells. Shale gas wells
were found to have higher incidence rates of cement and/or casing issues. The report states

"Statewide data show a six fold higher incidence of cement and/or casing issues for shal
7L n

wells relative to conventional wells

42) Harmonization of Initial Estimates of Shale Gas Lifecycle GHG Emissions fo
Power Generation: National Renewable Energy Laboratory (NREL) (July 2¢
of the National Academy of Sciences of the United States: Volume 111, Nu
E3167-E3176.

This study used findings/results of previous GHG emissions studies to produce new estimatcs
lifecycle GHG emissions for electricity produced from shale gas, conventi produced

natural gas, and coal. The study found that nearly 50% less lifecyclg
associated with shale gas-generated electricity than power genergfee
emissions from a few sources were found to have the greatest i lence on lifecycle er ;
comparisons: natural gas well completion and re-completion. Juding hydraulic fracturing
well liquids unloading. The report recommends that initial efi§8ion estimates “be confirmed
through methane emissions measurements at components i1l the atmosphere and through
better characterization of EUR and practices’." X

43) The effect of natural gas supply on US renewgbis
CA, Irvine and Stanford University (Augusi@0.
9, Number 9. ‘

gmissions: Universi
: tters;

r three different types and levels of climate policy
. t carbon cap) to examine projectgd characteristics of
e study concluded that “increasg@atural gas use
GHG emissions, and by de ! deployment of
cesbate the climate changgipt@blem in the long

This study used natural gas supply modeli
(no policy, a moderate carbon tax, and a s
the U.S. power sector and GHG emissions
for electricity will not substantially reduce U
renewable energy technologies, may actually4:
term.” The study stated that, ‘ghe

44) Up in Flames - U.S. Shale Oil Boom
Increased CO2: Earthworks: Oil angd

the Expense of Wasted Natural Gas,
ility Project (August 2014). Published

The focus of this
North Dakota (Bakke i
854 million dollars of natura

to reduce flaring: 1. Drillers must jig
Companies should pay taxpayers ful

tlaring policies in as (Eagleford shale formation) and
he study found that ND oil companies have flared more than
2010. The study makes the following recommendations
@plan in place to limit flaring before drilling begins; 2

lue for gas that is flared; 3. States should track
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how much tax drillers pay on flared gas and which drillers are paying; 4. States should
implement measures to track the amount of gas flared and vented; 5. Regulators should tighten
enforcement on companies that flare illegally in main natural gas producing regions in i

45) Greenhouse Gas Reporting Program: Environmental Protection Agency (Sep|
Program data available online by the EPA. ‘

The GHGRP is mandated by the U.S. Congress and described in the U.S. Code of}
Regulations Title 40, Part 98, established by EPA in 2009. This regulation requires op
across various industrial sectors to report GHG emissions from specific emission sources.
Reporting requirements for methane emission sources in the oil and gas sect01s are described 111
Subpart W of the federal regulations. The reporting requirements arc apg!
emit 25,000 metric tons or greater of GHG emissions (expressed
eight oil and gas segments: onshore production, offshore produg
natural gas transmission, natural gas storage, natural gas distrj
(LNG) import and export, and LNG storage. In 2014, 2,369 jia
reported a total of 236.1 million metric tons (MMT) of GHG |

methane emissions of 73.0 MMT CO2e .

jion, liquefied natural g
lities across all oil/gas segmé]
ssions (CO2e), including

46) Remote Sensing of Fugitive Methane Emissions from Oil af ‘ roductmn in North
American Tight Geologic Formations. (Oct ‘ i

Future: Volume 2, Issue 10, pages 548-55

be detected from space and that correspon
satelfite observations. Onthe basis of armi

satellle oDservauons. Un ine 0asis o1 a m

 regional emissions can be constrained using

alance annroach thig etndvy eqtinatoc that methane
iance approacn, this study esti@aics (hat methane

emissions for two of the fastest growing prgdueti ions 1 ited Stales) the Bakken and

Eagle Ford formations, have increased by 9 H4 yr—1
between the periods 2006-2008 and 2009-20 ases in oil and
gas production, these emissig 23% and 9.1%
+6.2% in terms of energy con! estion and indicating
that current inventories likely unde from Bakken and Eagle Ford
47)Reducing Methane Pollution from Fg pduction on America’s Public Lands. Claire
Mose, Nidhi Thakar, and Matt Legss 2014). Published online by the Center

for Americag Proo

ates of methane emissions from energy production on

| that flaring activities have significantly increased in the past
five years based on review o P rlmcnt of Interior (DOI) data. The publication cites that
methane emissions may have beert 8.1 million metric tons in 2012 (~420 billion cubic
feet). The article states, “policymake : o seriously address the larger problem of

This publication
federal lands and water.
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fugitive methane emissions from energy production on public lands and waters.” The article also
states that fugitive methane emissions from “well-site processing, production, and other

upstream, midstream, and downstream activities” are greater than “even the highest estipy
methane emitted from venting and flaring.”

48) Renewables cutting US emissions more than gas as coal consumption drops. 4
Boren and Lauri Myllvirta. (October 2014). Published online by Greenpeacé

This report presents findings from a new analysis by EnergyDesk, which asserts that |
energy, not shale gas, is the biggest cause of the fall in U.S. emissions from coal use.” The'%eg
states, “Between 2007-13 the US experienced the largest fall in coal usage ever experlenced by
any country, with renewables, energy efficiency and shale gas togeth
and that “the data shows that the fall US coal consumption since
to reductions in demand and an increase in renewable generatig

49) Limited Impact On Decadel-Scale Climate Change from
Haewon McJeon et al. (October 2014). Nature: Volume

The most important energy development of the past deca

with shale gas producty on''t 3

y shows that the market-driven increases in global

1scern1bly reduce the trajectory of greenhouse gas
[N

¢ state-of-the-art

non-C02 greenhouse gas emissions assog
emissions higher than those of coal. This
supplies of unconventional natural gas doj
emissions or climate L(Ji‘cing The resu >d on simulations uulu it
integrated assessment models of energy ly forced by an

abundant gas scenario, project large additiof as ¢ 1 up 170 per cent by

2050. The impact on CO; emissions is foun : ot cent to +11 per
cent), and a majority of the ls in cli ¢cing (from -0.3 per
cent to +7 per cent) assoc W i abw Phe results show that
although marl\el penetmllon ol'g ange the future energy

This article sufy ‘ i ‘ i otgd by NASA and the University of
Michigan on methal 1n the vicinity of hydrocarbon production sites in the U.S.
The article describes thatig discovered one “hot spot,” covering an area of approximately
2,300 square miles near the prners intersection of Arizona, Colorado, New Mexico, and
Utah is “responsible for produ i Eilargest concentration of greenhouse gas methane seen
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over the United States — more than triple the standard ground-based estimate.” Specific
identitied/compared methane concentrations were not cited in the online article.

51)Fifth Assessment Report (ARS): Intergovernmental Panel on Climate Change (8 :
2014). Published online by the IPCC. )

This report publishes updated Global Warming Potentials (GWPs) for GHG gas;
concludes that “continued emission of greenhouse gases will cause further warmi
lasting changes in all components of the climate system, increasing the likelihood oS
pervasive and irreversible impacts for people and ecosystems. Limiting climate change
require substantial and sustained reductions in greenhouse gas emissions which, together wit
adaptation, can limit climate change risks.” Regarding GHG mitigationt ¥
“Mitigation options are available in every major sector. Mitigati
using an integrated approach that combines measures to reduce
gas intensity of end-use sectors, decarbonize energy supply,
carbon sinks in land-based sectors.”

52) Fracking Fumes: Air Pollution from Hydraulic Fracturing
Communities. Tanja Srebotnjak and Miriam Rotkin-Ellms
online by the Natural Resources Defense Council.

pollution

This report states that there is mounting evidencgifhat
threaten the health of nearby communities andimmiediate protections arefiee
have the right to protect themselves by rest; g or prohibiting these techniqt rith eir

entional oil and gas development should be put on
fients before determining whetheg.or how these

Jjurisdictions. Where possible, ongoing ung

hold to conduct comprehensive health assg
technologies should be allowed to proceedy
pollution and with no moratoria, strong safég
pollution.

53) Methane Emissions Decli
Published online by Energy

This is an infographic by “Energy in Def ying methane emissions decline in top oil and
gas basins: Raton Basin (Las Vegas), ‘ palachian Basin, San Juan Basin,
Permian Basin, Galf Coast Basin, an ‘ graphic shows a linear decrease in
methane emissi@ Ty Q13 i § top oil and gas basins.

54) Methane Emissions‘d
States: Pneumatic Con
Science & Technology: V

s Equipment at Natural Gas Production Sites in the United
avid T. Allen et al. (December 2014). Environmental
mber 1, pages 633-640.
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For this project, emissions from 377 gas actuated pneumatic devices were measured at natural
gas and oil production sites. The study found that higher average emissions per control and

average controllers per well than estimated in the 2012 U.S. Inventory. The study concl
emissions from pneumatic controllers could be 17% higher than the estimate in the
Inventory, based on multiplying the average measured pneumatic controller emissig
count of pneumatic devices published in the 2012 U.S. Inventory. The study foun
subset of devices (19%) accounted for 95% of emissions.

55) Methane Emissions from Process Equipment at Natural Gas Production Sites in the'
States: Liquid Unloadings. David T. Allen et al. (December 2014). Environmental Scie
Technology: Volume 49, Number 1, pages 641-648.

In this study, methane emissions from liquids unloading operationsf
without installed plunger lift systems). The study concluded thag ¢l
central estimate of emissions from unloadings are within a feyf per
the EPA GHGI, with emissions dominated by wells with high i
study found that the majority of wells without plunger lifts u
with emissions averaging 21,000—35,000 scf methane (0.4—
plunger lifts, average emissions were between 1,000—10,000 3
event.

56) Quantitying Atmospheric Methane Emissjg
Northeastern Marcellus Shale Gas Prody
Journal of Geophysical Research: Volt

This studv discusses measurements of me
1

s study discusses measurements o 1,) taken aboard a NOAA SMP-3D research

aircraft in 2013 over the Haynesville shaleigegton in eastern Texas/northwe

The natural gas loss rates from the

within the range of emissions estimated

equipment leaks of shale gas wells of uld represent the minimum day-to-day
prod [emare lower than the threshold set

ct of using natural gas as a fuel in

power plants would Defd of coal.

57) Methane Emissions from N
Sector: Measurements and Co

s Compressor Stations in the Transmission and Storage
3s with the EPA GHGRP Protocol. Subramanian et al.
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(February 2015). Environmental Science & Technology: Volume 45, Number 5, pages 3252-
3261.

Site level methane emissions were concurrently measured with downwind-tracer-tlu
at 45 compressor stations in the natural gas transmission and storage sector. The re
that at most sites, these two independent estimates agreed within experimental
study found general agreements between measured results from the study ang
estimates published in the U.S. Inventory, though emission rates among me&§
found to be highly skewed as the highest emitting 10% of sites (including two
contr]buted to 50% of the aggregate methane emlssmns while the lowest 50%

dcvelopment would be 1mprovcd by 1u]un mg more duect me
opposed to using counts and emission factors), avoiding the use @
exclusions such as rod-packing vents on standby pressurizedd
using more appropriate EFs for exhaust methane from reciprogéi

58) Methane Emissions from Natural Gas Infrastructure and
Massachusetts. McKain et al. (February 2015). Proce
Sciences of the United States: Volume 112, Number 7, p

In this study, atmospheric methane concentrations were meas
2012 through August 2013 at two locations near b
outside of the city. The study concluded that cam natural gas 18

transmission, distribution, and end-use was 2 ‘of the consumed natural gas

study reported that this emissions estimate; higher than that indicated by Massachusetts state
emissions inventory which reported methd : emissions to be 1.1% of natural gas consumed in
the state. The study report stated, “The ful ironmental benefits of using N@ in place of other
5 to the

In this study, ambient measurement tec s Wetensed to sample methane emissions from 114
gathering facilities and 16 process' ] : ement@ were made using a mobile
laboratory to pg , and the resulting plumes were
analyzed to co lired methane emission rates ranged
from 0.7 to 700 k ereas emissions ranged from 3 to 600 kg/h at processing
plants. A cumulative mefjiai 1ons rate from all gathering facilities was found to be 6,300
kg/h, and a cumulative me sions rate from all processing plants was found to be 2,700
kg/h. ‘
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60) Data Show Texas Ozone Levels Are Not Driven by Fracking. Steven Everly. (February
2015). Published online by Energy in Depth®.

This publication concluded that “a closer review of publicly available data suggests
credible link between ozone nonattainment and development of the Barnett shale, o
much of the Metroplex sits.” The report states that “data from the Texas Commis
Environmental (TCEQ) — which operates the most comprehensive air monitori
area — show that vehicular emissions actually far exceed those emanating from B
activities.”

61) Air tests of 5 Barnett Shale wells being hydraulically fractured show no harmful emissio
(February 2015). Published online by the Barnett Shale Energy Edy C

In this study, air concentration of VOCs, suspended particulate g :
collected at a 600 foot radius from a well pad in the City of
that both during hydraulic fracturing operations and the initi
observed VOCs were noted above the comparison criteria.”
demonstrate that hydraulic fracturing does not produce harmfl

62) Life Cycle Greenhouse Gas Emissions from U.S. Liquetie
Implications for End Uses. Leslie S. Abrahamg gt (Februaf
Science & Technology: Volume 49, Num page

ed natural gas (LNG) expo

This study analyzes how incremental U.S. il
ds that exported U S.ING has mean

greenhouse gas (GHG) emissions. The rep
precombustion emissions of 37 g CO2-¢
emissions of LNG exported from U.S. port
3.5-5.5% of precombustion life cycle emis

1 nt for only
major driver of

Asian and European markets 2€¢
ence shipping distance is g

GHGs.
63) Direct Measurements St w Di easi ne| ‘ @l Gas Local
Distribution Systems in the W ates. Bri o L al. (March 2015). Environmental

direct measuremenits,! ] ‘ ihestimates for customer meters,
maintenance andaj S) i iles, nbe “ of facilities. From the study results,
ear) of emissions was calculated - "This estimate is 36% to
ry and reflects significant upgrades at metering and
detection and maintenance activities, as well as

plogies between the two studies”." Regarding more
states, "We found that three large leaks (34.9,

an estimate of 393 GE/yee
70% less than the 2011 EP#
regulating stations, improvema
potential effects from differences 1T4g!
specific emission sampling results, the
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222, and 4.9 g/min - respectively, 1.8, 1.2, and 0.25, sctm - from unprotected steel main,
protected steel main, and case iron main leaks, respectively, accounted for 50% of the total
measured emissions from pipeline leaks™." y .

64) Cutting Greenhouse Gas From Fossil-Fuel Extraction on Federal Lands and W
Moser et al. (March 2015). Published online by the Center for American Prog

This study concludes that federal lands and waters could have accounted for 24 ““ i
cnergy-related greenhouse gas emissions in the United States in 2012. Combustion of co:
federal lands accounts for more than 57 percent of all emissions from fossﬂ fuel productlon o
federal lands. Methane pollution from venting and flaring from onshorededes S
than 51 percent between 2008 and 2013, according to government datd

fiom Oil and Natural Gas Systag
{)15). Published online by the

65) Untapped Potential- Reducing Global Methane Emission8
Kate Larsen, Michael Delgado, and Peter Marsters. (Apriks
Rhodium Group

wasted gas translates into roughly $30 billi
and about 3% of global natural gas produc

understanding of the scale of the methane leaKage i ffective mitigation
strategies.” ‘ i

66) Union Township Air Mo: ftoni
Published online.

Professional Service Industries, Inc. (PS d ambient air quality monitoring in three
selected Iocatlons near the EQT Trax E g ling Site located in Finleyville, Union
Township, Wa [ ducted on three properties adjoining
the drilling/frackd i ‘ Cligduled. Ambient area monitoring was
requested for likely i } minants from the drilling and fracking process, including: total

airborne particulates (dus S
methane (%LEL)) and total volagiie
proximity to the site by PSI betwech
by residents in the vicinity of the well.

ydrogen sulfide (H2S), NOX, carbon monoxide and
bganic compounds (TVOCs) in three locations in close
dagy 4-9, 2015 following concerns of poor air quality

ICF International [PAGE \* MERGEFORMAT ][ STYLEREF "Date_Title Page" \* MERGEFORMAT ]

CONFIDENTIAL EM-HCOR3-00636690



Natural Gas and Methane: Overview and Literature Review — Draft

67) U.S. Greenhouse Gas Inventory Report (1990-2013): Environmental Protection Agency
(April 2015). Published online by the EPA.

EPA develops an annual report called the Inventory of U.S. Greenhouse Gas Emissions
Sinks (Inventory). This report tracks total annual U.S. emissions and removals by s
economic sector, and greenhouse gas going back to 1990.

Key findings from the 1990-2013 U.S. Inventory include:

e In 2013, U.S. greenhouse gas emissions totaled 6,673 million metric tons
dioxide equivalent

e U.S. emissions ¢f 3 increased by 2.0 percent from 20| 2l
can be attributed to multlple factors including increasedifien
generation, an increase in miles traveled by on-road veli
production and emissions in multiple sectors, and yeagéto
weather. i

e Greenhouse gas emissions in 2013 were 9 percent belk

68) Unconventional Drilling Emissions Inventory. Pennsylvagia
Protection. (April 2015). Published online by the PDEP.

This study is a collected database containing air e
Pennsylvania. A methane emissions inventory
level in which data is reported on an annual
from 2012 levels:

Sulfur dioxide — 57 percent increa

Volatile Organic Compounds - 19peér
Particulate matter — 12 percent incrcg 6
Methane — 13 percent decrease
Nitrogen oxides -- 8 pgfiee

Carbon monoxide — i pe

69) Spatial distribution of unconvn Q :
Shale in the United States. Yelena Himmelberger and Liyao Huang. (May 2015).
Applied Geography: Volume 60, pag <

‘ : tV1rg1ma and Ohio. The study identified localized
B0 in the vicinity of gas production sites in Pennsylvania and
ifid individuals with a lower level of education in the

production sites in PcH
clusters of poorer and elderd
West Virginia, and those of chitd
vicinity of sites in West Vlrgmm andigr ¢
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70) Using Multi-Scale Measurements to Improve Methane Emission Estimates from Oil and Gas
Operations in the Bamett Shale Region, Texas. Robert Harriss et al. (Julyg
Environmental Science & Technology: Volume 48, pages 7524-7526.

This meta-study concluded that methane emissions from the Barnett shale region y \
approximately 1.5 times higher than those estimated in the U.S. Inventory, by cqg
analyzing both previous top-down and bottom-up emissions studies. The study C1
main reason the bottom-up inventory emissions estimate exceeded the Inventory esti
due to the including of more gathering compressor stations, “whose emissions are compa
mainline transmission compressor stations.”

71) A Comparative Analysis: Methane Emissions Studies of Nal
Innovative Environmental Solutions, Inc. (September 2015)
Interstate Natural Gas Association of America (INGAA). £

This report is a comparative review of papers published in

st five years related to metha
emissions from natural gas operations. According to this rep !

e In 2011 and 2012, life-cycle analysis studies reached N of conclusions. These

cussed methane inventory estimates that are based
on atmospheric measurements. Thy ¢ uncertainties with these “toﬂovm” studies
because of the “inability to attribut ‘

extrapolation of short duration (e.g

inventory.”

e Papers published in 2014 reviewed all 3 i At data gaps have
limited the ability to g it studigs. 2014 studies used the
term “super emitter” {04 “ res it skew or “fat tail” in

emissions distributions.” The &

analyzed to better understand
e Some publications published in 2
new meas uremcnt data from thy ‘

ta gaps need to be
issions and ldrgc emission sources.
4 used new data. Ihese pubhcatlons include

mission estimates. Other recommendations include “data
collection utilizing 'S¢ i) equlpment 51tes mobile monitoring schemes, and regional
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72) Methane and CO; Emissions from the Natural Gas Supply Chain. (September 2015).
Published online by the Sustainable Gas Institute.

The Sustainable Gas Institute (SGI) reviewed information on the extent of methane afl
emissions in the natural gas supply chain. The review focuses on “the range of emié
estimates, the associated uncertainty, and the methodological differences.” The st

conventional and unconventional wells, and includes the “exploration, extracti
transmission, storage and distribution of stages of the natural gas supply chain, as We
Liquefied Natural Gas (LNG) process.”

The key findings are:
e The range of estimated greenhouse gas emissions across t

2 and 42 g CO2 eq./ MJ HHV (Higher Heating Value) agét
potential of 34 for methane. :

e The key emission sources identified within the literatiifg are from well completions,

liquids unloading, pneumatic devices and compressofs

e Super emitters are a small number of high-emitting facill

uthat are skewing the
emissions profile at every stage. i

emissions shotl
al estimate of 13.4 g CO J MJHI

ration and maintenance reglmes were used
or further reductions.

e This report estimates that the total sup,
2.7-32.8 g CO2 eq./ MJ HHV with
modern equipment with appropriat
However, there is significant pote:

In estimation.

¢ Emissions estimates also vary greatiydiie to methodological differendés

e Whilst there has been a recent drive togollg ata, thiere is still an
incomplete and unreprese :

e  Further research is requited it bsder to determit e upply chain GHG
emissions could be reduced" -

73) The Facts About Fugitive Methane . 4

Muller and Richard A. Muller.
(October 2015). Published online of

olicy Studies.

s i kasc would negate the global warming

benefits of using nat jared to coal?” This stuy makes the following conclusions:

¢ Replacing coal-fired
reduce global greenhousc€t
emissions of carbon dioxide b [

wer plants with ones using natural gas as a fuel can help
aps. New high efficiency natural gas plants reduce
vk they replace a typical 33% efficient US, UK, or
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European coal plant, for the same electric power generated. If they replace future coal
plants, carbon dioxide reductions of about 50%.

e Methane has a high greenhouse potential, and opponents argue that even if one o
percent of the gas leaks, the advantage of natural gas over coal would be negated.

s This estimate is incorrect; over a 100 year time span, an implausible 12% of,
natural gas used today would have to leak in order to negate an advantage g
best current estimates for the average leakage across the whole supply ch
3%; even at 3% leakage natural gas would produce less than half the warmg
averaged over the 100 years following emission. Half this 100 year average'®
the first 10 years; three-quarters from the first 20 years; the warming at 100 yearsg
almost entirely from the (relatively low) CO; produced from burned methane, not
the leaked methane itself.

e An additional reason to produce electric power from natural ga
advantage of natural gas is enormous; after 100 years, only

in the atmosphere, compared to 36% for remnant carbo
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