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1. Introduction

In April 2011, the Council on Environmental Quality (CEQ) released the Greenhouse Gas
Emissions Inventory for the Federal Government: 2010 Data (CEQ, 2011). This report presented
the total estimated greenhouse gas (GHG) emissions associated with federal government agency
operations, including emissions from building electricity and water consumption, employee
travel, and numerous other activities. However, the inventory did not account for emissions
associated with a range of activities subject to federal agency oversight but conducted by private
entities. Such activities include exploration, production, and development of fossil fuel resources
on federal lands' by private sector leaseholders. Accounting for these activities could increase
the federal government’s total emissions of GHGs substantially.

In 2012, Stratus Consulting produced a report on behalf of The Wilderness Society entitled
Greenhouse Gas Emissions from Fossil Energy Extracted from Federal Lands and Waters in
which we developed a preliminary estimate of the magnitude of ultimate GHG emissions®
associated with fossil fuels for the years 20082010 — for example, onshore and offshore oil and
natural gas, natural gas liquids, coal, and coalbed methane — that leaseholders® extract from
federal lands. The report also included an overview of many types of indirect emissions that
could result from fossil fuel extraction, such as emissions from transporting fossil fuels from
federal lands to refineries. The report did not address GHG emissions resulting from wind, solar,
geothermal, or biomass activities.*

1. The term *“federal lands” includes all offshore areas that the federal government leases to private companies,
as well as onshore lands in this report.

2. Ultimate GHG emissions refer to carbon dioxide (CO,), methane, and nitrous oxide emissions that result
from fossil fuel extracted from federal lands (i.e., the quantity of gas emitted if an amount of a fossil fuel was
combusted downstream in various applications, such as coal-fired power plants).

3. We focus on GHG emissions resulting from the extraction of fossil fuels from federal lands by private
companies holding leases for these purposes, even in instances where the federal government holds subsurface
rights but does not hold surface rights. As such, this report does not account for emissions resulting from the
extraction of fossil fuels in instances where the federal government owns the surface rights but private or other
government entities own the subsurface rights.

4. We cover a subset of energy extraction activities on federal lands and waters. We focus on fossil fuel
extraction from federal lands, where the U.S. Department of the Interior (DOI) manages subsurface leasing.
The DOI manages subsurface leasing for all federal lands, including public lands under the jurisdiction of the
Bureau of Land Management (BLM) and other lands under the jurisdiction of other federal surface
management agencies. The data that we collected from DOI sources for this analysis include information on all
leases that the DOI manages.
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Our current report provides an updated analysis of the magnitude of GHG emissions currently
accounted for from federal lands and waters. Specifically, we add emissions estimates for
calendar year 2012 using the same methodology utilized in the 2012 analysis.> We also include
an appendix characterizing indirect emissions from natural gas and oil production. We focus on
methane emissions from natural gas and oil production to highlight the importance of these
emissions and their contribution to climate change. These emissions also highlight the growing
importance of unconventional — fracking and tight gas — natural gas production and venting and
flaring during oil production. Methane is 25 times more potent than CO, as a GHG, and
emissions from natural gas and oil production could be significant.

1.1 Background

Federal lands and waters supply a considerable
portion of the nation’s fossil energy resources,
including approximately 42% of produced
coal, 26% of crude oil, and 13% of natural
gas.® Rather than developing, extracting,
transporting, and converting these resources
directly, federal agencies typically operate
through permits, leases, contracts, and
concessions to private sector firms.

Executive Order (E.O.) 13514, Federal
Leadership in Environmental, Energy, and
Economic Performance (74 Federal Register
52117, October 9, 2009; The White House
Office of the Press Secretary, 2009), directed

Total U.S. GHG emissions and emissions
related to energy consumption

The U.S. Environmental Protection Agency (EPA)
produces an annual GHG inventory every year that
provides estimates of the nation’s source- and
sector-specific emissions of CO,, methane (CHy),
nitrous oxide (N,0O), and other GHGs. According to
EPA’s most recent (2014) inventory, GHG
emissions in the United States in 2012, the most
recent year for which data were available, totaled
approximately 6,526 million metric tons of carbon
dioxide equivalent (MMTCOze). Energy-related
GHG emissions totaled 5,499 MMTCO.e.

Source: U.S. EPA, 2014b.

federal agencies to meet a range of energy, water, and waste-reduction targets. The E.O. included
requirements that federal agencies inventory, report, and adopt targets for reducing their direct
and indirect GHG emissions. The CEQ developed the Federal Greenhouse Gas Accounting and
Reporting Guidance (CEQ, 2010b) to provide federal agencies with clear information on which
emissions fall within the scope of E.O. 13514 and how to calculate these emissions. The report
included guidance on how to quantify emissions resulting from a range of source categories.
Table 1 lists the GHG emissions source categories included in the guidance and ultimately
accounted for in the federal government inventory. Federal government agencies reported their
emissions for 2010 and made them public in April 2011.

5. Our current report draws heavily on the 2012 report for structure, methodology, and presentation.

6. We collected data for fossil fuel produced from federal lands for this analysis (BOEMRE, 2014; ONRR,
2014b), and data on total fossil fuel production for the entire United States (EIA, 2014b, 2014c, 2014d).
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Table 1. Sources of emissions accounted for in the Greenhouse Gas Emissions Inventory
for the Federal Government: 2010 Data, released by the CEQ in April 2011
On-site fuel combustion

Non-highway vehicles, aircraft, ships, and equipment

Passenger fleet vehicles

Fluorinated gases and other fugitive emissions

On-site wastewater treatment

On-site landfills, solid waste facilities, and incinerators
Manufacturing and industrial process emissions

Purchased electricity

Purchased biomass energy

Purchased steam and hot water

Purchased chilled water

Purchased combined heat and power, electricity, steam, and hot water
Transmission and distribution losses from purchased electricity
Federal employee business air travel

Federal employee business ground travel

Federal employee commuting

Off-site wastewater treatment

Off-site solid waste disposal

Source: CEQ, 2011.

In the report Greenhouse Gas Emissions Inventory for the Federal Government: 2010 Data, the
CEQ estimated that GHG emissions from federal government operations totaled approximately
66.4 MMTCO-e in 2010. According to the inventory, DOI, which is responsible for managing a
significant majority of federal fossil fuel leases, contributed approximately 1.3 MMTCO-e
(CEQ, 2011). The CEQ guidance did not include requirements for reporting emissions associated
with activities, including fossil fuel extraction on federal lands, which are subject to federal
agency oversight but that private entities conduct. Federal government agencies, therefore, did
not estimate these emissions in the reports they compiled for the inventory.’

7. Federal agencies are required to account for GHG emissions under other obligations. For example, federal
agencies are obligated under the National Environmental Policy Act (NEPA), 42 U.S.C. § 4321, et seq., to
analyze the impacts of major federal actions that have significant impacts on the environment, including the
impacts on global climate change. However, emissions resulting from federal leasing are not explicitly
addressed in the NEPA guidance for federal agencies (CEQ, 2010a). Agencies within the DOI are additionally
bound by Secretarial Order 3289, which requires the analysis of potential climate change effects when
undertaking planning, setting priorities for scientific research, developing management plans, and making
major decisions regarding the potential use of resources.
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Our first report on behalf of The Wilderness Society, entitled Greenhouse Gas Emissions from
Fossil Energy Extracted from Federal Lands and Waters, estimated that ultimate downstream
GHG emissions from federal lands in 2010 could have been more than 20 times the estimate of
total GHG emissions in the CEQ report.

1.2 Overview
The remainder of this report is structured as follows:

4 Section 2 — Methodology. In this section, we describe the methodology used in the
analysis. We include an overview of the process we used to quantify ultimate GHG
emissions from fossil fuel extraction on federal lands by private leaseholders.

» Section 3 — Results. Here, we summarize the results of the quantitative analysis of
ultimate GHG emissions resulting from the extraction of fossil fuels on federal lands by
private leaseholders in 2012. We provide fuel-, location-, and GHG-specific estimates.

4 Section 4 — Conclusions. This section presents key points based on the analysis we
describe in this report.

4 References. This section includes references that we cite in the report.

» Appendix — Indirect GHG Emissions from Natural Gas and Oil Production. Here, we
summarize the results of a literature review of indirect GHG emissions from natural gas
production. We focus on methane emissions from natural gas and oil production, and
quantify emissions for various scenarios involving venting, flaring, and unintentional
leaks of natural gas.

2. Methodology

This section describes the methodology used for this analysis. We include an overview of the
process used to quantify ultimate GHG emissions from fossil fuel extraction from federal lands
by private leaseholders. We discuss data collection including the quantities of fossil fuels
extracted from federal lands by private leaseholders, energy flows, and emissions factors. Then
we present the steps involved in data processing: converting units, matching quantities of fossil
fuels to sectors and emissions factors, and performing calculations.
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2.1 Methodology for Quantifying Ultimate GHG Emissions
from Fossil Fuel Extraction from Federal Lands by
Private Leaseholders

Quantifying ultimate GHG emissions from fossil fuel extraction on federal lands by private
leaseholders involved two broad steps: data collection and data processing. This section
describes the steps involved in each step.

2.1.1 Data collection

This section describes the data collection portion of the analysis, including the types of data we
collected and our data sources.

Quantities of fossil fuels extracted from federal lands by private leaseholders

The primary data collection effort involved gathering information on the quantities of fossil fuels
extracted from federal lands by private leaseholders, based on reports by federal government
agencies. The data included the quantity of fuel extracted by relevant metric (e.g., barrels of oil,
cubic feet of natural gas, and short tons of coal), the year, and the state in which the lease was
held (or region, in the case of offshore data). We collected data for the following fuel categories:
onshore %nd offshore oil, onshore and offshore natural gas, natural gas liquids, coal, and coalbed
methane.

We collected data from several DOI sources. Table 2 provides a list of these sources by fuel
type.

8. Our analysis used the calendar year as our unit of temporal measure.

9. For onshore oil, onshore natural gas, natural gas liquids, coal, and coalbed methane, quantities were only
available in terms of sales volume (as indicated in royalty reports), rather than production volume. In theory,
sales volumes for a given year can be smaller or larger than production volumes for that year because
companies can vary sales depending on market conditions. For offshore oil and natural gas, quantities were
available in terms of production volume.
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Table 2. Sources of data on quantities of fossil fuels produced from federal leases

Fossil fuel Federal government agency and program

Coal and coalbed methane  DOI, BLM — Public Land Statistics: Federal Coal Leases (BLM, 2011)
DOl, Office of Natural Resources Revenue (ONRR) — Reported Royalty
Revenues (ONRR, 2014b)

Oil, natural gas (onshore), DOI, ONRR - Reported Royalty Revenues (ONRR, 2011, 2014b)
and natural gas liquids

Oil, natural gas (onshore DOI, ONRR - Qil and Natural Gas Report (ONRR, 2014a)
and offshore)

Oil and natural gas DOI, Bureau of Ocean Energy Management, Regulation, and Enforcement —
(offshore) Outer Continental Shelf Oil and Gas Production (BOEMRE, 2014)

Energy flows

We also collected information that enabled us to match the quantities of fuel to specific
downstream combustion methods, each of which has a distinct set of emissions factors for key
GHGs.™ We discuss the importance of this fuel type-combustion method matching in the
following section. Estimates for 2012 were derived from the Energy Information
Administration’s (EIA’s) Annual Energy Outlook 2012 with Projections to 2035, which provided
information for the base year, 2012, as well as future projections (EIA, 2009b, 2010, 2011a,
2012a, 2013).

Emissions factors

We identified emissions conversions factors to determine the quantity of GHGs emitted for each
unit of fossil fuel extracted. The most widely accepted emissions factors used to calculate GHG
emissions were provided in the Intergovernmental Panel on Climate Change’s (IPCC’s) IPCC
Guidelines for National Greenhouse Gas Inventories (IPCC, 2006). These guidelines included
tables that presented estimates of the kilograms of CO,, CH,4, and N,O emitted for every
terajoule, or measure of energy content, of energy consumed. These tables included specific
fossil fuel- and combustion-type emissions factors. For example, IPCC guidelines provided
emissions factors to estimate the kilograms of CH4, CO,, and N,O emitted for every terajoule of
energy consumed from burning sub-bituminous coal in a coal-fired power plant for electricity
generation.

10. For example, coal combustion for electricity generation has a different set of emissions factors from oil
combustion for residential heating.
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For the transportation sector, the IPCC presented a number of subsector-specific sets of
emissions factors based on the type of fuel used and the combustion process used in each
subsector (e.g., for on-road vehicles, IPCC presented different sets of emissions factors for light-
duty vehicles and heavy-duty vehicles). We also collected data on the percentages of
transportation-related energy that the different subsectors used from EIA’s Annual Energy
Outlook 2014 with Projections to 2040 (EIA, 2014a).

For coal, GHG emissions vary depending on the type of coal combusted (e.g., lignite versus sub-
bituminous). We collected information on the type of coal extracted in states where private
leaseholders extract coal from federal lands from the DOI’s 2010 Public Lands Statistics:
Federal Coal Leases (BLM, 2011), which includes reports of the states from which private
leaseholders extract coal, and EIA’s Annual Coal Report — 2009 (EIA, 2009a), which provides
information on the typical type of coal extracted in each state. Table 3 combines these two sets of
information.

Table 3. Coal type by state (states with private leasing
on federal lands for coal extraction)

States with private leasing for coal Dominant coal type
Alabama Bituminous
Arizona Bituminous
Colorado Bituminous
Kentucky Bituminous
Montana Sub-bituminous
New Mexico Sub-bituminous
North Dakota Lignite
Oklahoma Bituminous
Ohio Bituminous
Utah Bituminous
Washington Bituminous
Wyoming Sub-bituminous

Sources: EIA, 2009a; BLM, 2011.

2.1.2 Data processing

To calculate the ultimate GHG emissions from fossil fuel extraction on federal lands by private
leaseholders, the data described above were processed in several ways. This section describes the
steps we took.

Page 7
Confidential
SC13598



Stratus Consulting (Final, 9/17/2014)

Converting units

The calculation of ultimate GHG emissions involves a number of conversions. For example, the
quantities of fossil fuels extracted by private leaseholders from federal lands were reported in
volume-based metrics (e.g., short tons, barrels, cubic feet), but the emissions factors provided by
the IPCC were characterized in terms of the amount of energy produced by burning the fossil
fuel. For this reason, the quantities of fossil fuel extracted were converted into energy-based
measures using common conversion factors, such as those available at
http://www.natgas.info/html/natgasunitsconversion.html (Chandra, 2011). EIA and the
International Energy Agency also provided conversion information that was used in this analysis
[http://www.eia.gov/kids/energy.cfm?page = about_energy conversion_calculator-basics (EIA,
2011b) and http://www.i.e.a.org/stats/unit.asp (IEA, 2011), respectively].

Matching quantities of fossil fuels to sectors and emissions factors

As noted above, GHG emissions from each fuel type can be determined by multiplying a given
quantity of combusted fuel by an emissions factor that is specific to a particular type of
combustion. For each of the five sectors identified by the EIA, corresponding sets of
combustion-type emissions factors were identified in the IPCC Guidelines for National
Greenhouse Gas Inventories (IPCC, 2006). For example, the guidelines offered default sets of
emissions factors for combustion in stationary power plants, which we deemed appropriate for
coal; or combustion in residential settings, which were viewed as appropriate for natural gas.

Information from the EI1A was used to classify combustion type by fuel type. These classification
“splits” were determined for 2012 by consulting the Annual Energy Review publications (EIA,
2012b).

Performing calculations

Equation 1 provides a general illustration of how the above information was combined to
produce an estimate of the total amount of GHGs emitted from the combustion of a particular
quantity of fossil fuel:

Equation 1. Simplified illustration of equation used to calculate GHG emissions.

Quantity of GHG emitted (in kilograms)
= Z Quantity of fossil fuel (in terajoules)
x Emissions factor (in kilograms per terajoule) X Sector weight
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where the sector weight represents the percentage of the quantity of fossil fuel that was
consumed in the specific sector (e.g., transportation), thus using the sector-specific set of
emissions factors, and the total amount of GHG emitted for a given quantity of fossil fuel is a
sum of the calculations for each sector.

Calculations were run to determine the ultimate GHG emissions from federal leases, based on
the following:

Year

GHG (i.e., CO;, CH4, or N2O)

Carbon dioxide equivalent (CO.e; accounting for all three GHGs)'
Fossil fuel type

Location (onshore versus offshore).

v vvVvew

We present the results of these calculations in Section 3.1.

3. Results

This section presents the results of the analysis of ultimate GHG emissions from extraction of
fossil fuels from federal lands by private leaseholders. We provide estimates of ultimate GHG
emissions by fuel, location, and GHG for 2012.

3.1 Quantification of Ultimate GHG Emissions from Fossil Fuel
Extraction from Federal Lands by Private Leaseholders

Table 4 presents estimates of the GHG emissions GHG equivalencies

assoc'iated with fossil fuels extra%ed from federal I_ands The GHG emissions from federal lands
by private leaseholders for 2012.7° According to this total 1,344 MMTCO,e in 2012. These
analysis, in 2012 the GHG emissions resulting from the | GHG emissions are equivalent to the
extraction of fossil fuels from federal lands by private annual GHG emissions emitted by
leaseholders totaled approximately 1,344 MMTCO.e. 283,000,000 passenger vehicles.

Source: U.S. EPA, 2014b.

Figure 1 shows the percentage breakdown of emissions
by fossil fuel in 2012.

11. CO.e were based on the 100-year global warming potentials (GWPs) for these gases, as cited in the IPCC’s
Fourth Assessment Report on Climate Change (IPCC, 2007).

12. Note that the estimates we present in Tables 5 through 9 are rounded.
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Table 4. GHG emissions associated with fossil fuels extracted from federal lands by
private leaseholders in 2012

Metric tons Metric tons Metric tons Total

Fossil fuel of CH,4 of CO, of N,O MTCO.e

Oil (onshore) 2,999 56,346,510 2,985 57,311,142
Oil (offshore) 11,368 213,556,048 11,315 217,212,051
Natural gas (onshore) 12,358 144,135,798 480 144,587,927
Natural gas (offshore) 8,390 97,851,370 326 98,158,313
Natural gas liquids 11,161 26,134,702 503 26,563,487
Coal 13,080 765,241,950 12,037 769,155,909
Coalbed methane 2,656 30,973,401 103 31,070,559
Total 62,012 1,334,239,779 27,749 1,344,059,388

2%

B QOil (onshore)

H Qil (offshore)

M Natural gas (onshore)
B Natural gas (offshore)
m Natural gas liquids

m Coal

1 Coalbed methane

Figure 1. Percentage of total MTCO,e emissions associated with fossil fuels extracted from
federal lands by private leaseholders in 2012.

The estimates above suggest how fossil fuel extraction from federal lands by private leaseholders
may contribute to the total amount of GHG emissions included in EPA’s national GHG
inventory. As noted above, EPA produces a GHG inventory every year that includes estimates of
the nation’s source- and sector-specific emissions of CO,, CH4, N0, and other GHGs.
According to the 2014 inventory, GHG emissions in the United States in 2012 totaled
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approximately 6,500 MMTCO.e, of which

5,500 MMTCO.e came from energy consumption. Our
current analysis suggests that ultimate emissions from
these leases could account for approximately 21% of Methane emissions from natural gas

total U.S. GHG emissions and 24% of energy-related venting on public lands for which
GHG emissions. royalties are paid could total almost

1.3 million metric tons CO.e.

Indirect methane emissions from
natural gas production

As the tables and figures show, coal extraction was CO, emissions from natural gas flaring
consistently the largest contributor to overall emissions on public lands for which royalties are
in 2012. Combined, coal and coalbed methane accounted | Paid C_?r‘:'d total 173,470 me_t“?fFo”S |
for greater than half of all MTCO,e. The tables also Eigﬁ'er Wehs:neg':j:ﬁ:isngr?osr'%mi;?grt] J
show the considerable contribution of onshore and from vented and flared natural gas from
off_shore ngturgl gas e_xtrggtlon to .total emissions of CHg. public lands for which royalties have not
This contribution is significant, given the GWP of CHy; been paid.

1 metric ton of CH,4 emitted is equal to approximately

Source: Appendix to this report.

25 metric tons of CO, emitted (IPCC, 2007). Table 5
presents coal production and emissions totals by state in 2012.

Table 5. Coal production and emissions by state in 2012

CH,4 CO, N,O
Sales volume  emissions emissions emissions CO.e

Type of coal (shortton) (metric tons) (metric tons) (metric tons) (metric tons)
Alabama Bituminous 1,934,725 80 4,634,439 73 4,658,333
Colorado Bituminous 20,586,124 850 49,311,984 782 49,566,232
Kentucky Bituminous 207,931 9 498,078 8 500,646
Montana Sub-bituminous 21,811,626 656 38,701,250 604 38,897,676
New Mexico Sub-bituminous 4,957,756 149 8,796,747 137 8,841,394
North Dakota Lignite 3,839,502 86 531,882 79 557,567
Oklahoma Bituminous 352,171 15 843,590 13 847,940
Utah Bituminous 13,392,915 553 32,081,377 509 32,246,786
Wyoming Sub-bituminous 354,972,808 10,683 629,842,604 9,831 633,039,334
Total 422,055,558 13,080 765,241,950 12,037 769,155,909
Note: Totals may not sum due to rounding.
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Table 6 presents the total GHG emissions split by onshore and offshore production of fossil
fuels. As the table shows, approximately 77% of the emissions evaluated in 2012 came from
onshore locations. This was largely driven by the dominance of coal extraction from federal
lands, which only occurred onshore. Figure 2 presents the amount of fossil fuels extracted
onshore and offshore.

Table 6. GHG emissions (in CO.e) associated with fossil
fuels extracted from federal lands by private leaseholders

by location

2012
Fossil fuel MTCO.e
Onshore 1,028,689,025
Offshore 315,370,364

M Onshore

m Offshore

Figure 2. Percentage of MTCO.e emissions associated with fossil fuels extracted from
federal lands by private leaseholders, by location of extraction.

Page 12

Confidential
SC13598



Stratus Consulting (Final, 9/17/2014)

4. Conclusions

This report presents a preliminary estimate of the magnitude of GHG emissions associated with
fossil fuel extraction from federal lands by private leaseholders. Our findings suggest that in
2012, the most recent year for which total U.S. GHG emissions data were available, the
estimated 1,344 MMTCO.e in ultimate downstream GHG emissions from fossil fuel extraction
from federal lands by private leaseholders could have accounted for approximately 21% of total
U.S. GHG emissions and 24% of energy-related GHG emissions. We include an appendix in this
report that presents the results of a quantitative analysis of indirect emissions associated with
natural gas and oil production.
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Appendix. Indirect GHG Emissions Associated with
Natural Gas and Oil Production

Indirect emissions are associated with nearly all stages of fossil fuel extraction, broadly defined
as any GHG emissions caused by the exploration, production, refinement, or transportation of
fossil fuels that are not otherwise accounted for in the ultimate GHG emissions calculations we
describe in Section 2.1.

In this appendix, we quantify indirect GHG emissions™ associated with natural gas and oil
production including venting, flaring, and fugitive emissions. Our focus is on CH4 emissions
from natural gas and oil production, the second largest contributor to climate change after CO..
CHpg is 25 times more potent than CO; over a 100-year time horizon (IPCC, 2007).

Significant CH4 emissions are associated with natural gas and oil production. This is driven by
the increase in unconventional gas production methods, such as shale and tight gas, as well as
venting and flaring during oil production. But, CH, emissions are not well quantified and are
worthy of further research. Specifically, characterization and accounting for leaks during natural
gas production is subject to ongoing review. For example, EPA has revised CH, emissions
estimates from the natural gas sector several times in the past few years (U.S. EPA, 2014a).

Venting and fugitive (unintentional) leaks of natural gas emit primarily CHy4, while natural gas
flaring emits primarily CO,. To evaluate indirect GHG emissions associated with natural gas
production on federal lands, we present four emissions scenarios:

1. 100% venting, using DOI ONRR data on royalties reported for venting and flaring in
natural gas production (ONRR, 2014b)

2. 100% flaring, using ONRR data on royalties reported for venting and flaring in natural
gas production (ONRR, 2014b)

3. Venting and flaring for onshore and offshore U.S. natural gas and oil production, using
ONRR Oil and Gas Operations Report (OGOR) data (ONRR, 2014a).

13. We have included CH4 and CO; in the indirect emissions estimates. Natural gas also includes nitrogen and
non-methane volatile organic compounds, which are not included in the current analysis.
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4, CH, emissions scenarios from literature review
a. Unconventional production, upstream/midstream (well site and processing) CH,4
leakage for low and high scenarios
b. Conventional production, upstream/midstream CH, leakage for low and high
scenarios
C. Downstream (pipelines and storage) CH, leakage for low and high scenarios.

Natural gas venting and flaring

ONRR collects data on royalties reported for natural gas venting and flaring on public lands.
These data do not separate venting and flaring quantities nor do they differentiate between
conventional and unconventional natural gas production. Because we do not know the fraction of
natural gas that producers vent versus flare, we present two emissions scenarios for the ONRR
royalties reported for venting and flaring data: a scenario that assumes 100% venting and a
scenario that assumes 100% flaring. We also assume that the venting is occurring in the
production, rather than the pipeline, stage.

ONRR also collects reported data on venting and flaring from U.S. natural gas and oil production
in its OGOR. These data are separated into venting and flaring categories, but include both
federal and some non-federal leases that are part of the same communitization agreement.*
Because we do not know the fraction of these releases that come directly from federal lands, the
estimates provided reflect venting and flaring emissions for both federal and some non-federal
sources.

Methodology for calculating venting emissions

The first step in calculating venting emissions was to convert the natural gas (Mcf) into CH,4 and
CO,. For these calculations, we assume that natural gas in the production stage is 78.8% CH, and
1.52% CO, (NETL, 2011). The second step is converting CH4 and CO into metric tons. For
CHy,, the emissions factor is 0.0193 metric tons CH. per Mcf."® For CO,, the emissions factor is
0.0519 metric tons CO. per McF.*® The third step is converting the CH4 emissions from metric
tons into CO.e, using the GWP factor. One metric ton of CH,4 emitted is equal to approximately
25 metric tons of CO, emitted (IPCC, 2007).

14. In most cases a portion of the federal leases are managed as part of communitization agreements, which are
a collection of federal and some non-federal leases that draw from the same oil and gas reservoir. A non-
federal lease could include an American Indian, state, and/or fee lease.

15. http://www.epa.gov/cmop/resources/converter.html#two.

16. http://www.uigi.com/co2_quantity convert.html.
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We present the CH,4, CO,, and CO.e emissions associated with the ONRR royalties reported
venting scenario in Table A.1.

Table A.1. CH, and CO; emissions associated with natural gas venting: ONRR royalties
reported data

Emissions (metric tons) 2008 2009 2010 2011 2012
CH,4 2,571 2,315 1,877 5,924 51,757
CH4—COse 64,287 57,879 46,925 148,088 1,293,929
CO; 133 120 97 307 2,685

Methodology for calculating flaring emissions

The first step in calculating flaring emissions was to convert natural gas volume into weight. The
second step was to apply emissions factors for CO, and CH, to the natural gas quantities. We
used emissions factors from the National Energy Technology Laboratory report: 1 Ib of flared
natural gas is equivalent to 2.67 Ibs CO, and 1.53E02 Ibs CH,. We then converted pounds into
metric tons. In the third step we converted CH, emissions from metric tons into CO.e, using the
GWP factor of 25. We present the CH4, CO;, and COze emissions from the ONRR royalties
reported flaring scenario in Table A.2.

Table A.2. CH, and CO, emissions associated with natural gas flaring: ONRR royalties
reported data

Emissions (metric tons) 2008 2009 2010 2011 2012

CH,4 49.39 44.46 36.05 113.77 994.04
CH4—COqe 1,235 1,112 901 2,844 24,851
CO; 8,619 7,760 6,291 19,853 173,470

Table A.3 presents GHG emissions from the venting and flaring data from the OGOR, using the
methodology described above. As noted above, the OGOR data include reported volumes of

natural gas venting and flaring from both natural gas and oil production, and include both federal
and some non-federal leases.

Table A.3. CH4 and CO, emissions from venting and flaring gas in onshore and offshore oil
and natural gas production: OGOR data

2008 2009 2010 2011 2012 2013
CH, 74,495 79,860 108,389 149,808 157,200 174,982
CH,—CO,e 1,862,375 1,996,511 2,709,728 3,745,203 3,930,006 4,374,543
CO, 2,731,487 2,418,951 2,444,369 2,700,567 3,505,468 3,978,642
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CH,4 emissions from literature review: venting and unintentional leaks, or fugitive emissions

The venting and flaring emissions discussed above do not account for unintentional leakage. To
provide a more comprehensive characterization of CH4 emissions that may be associated with
natural gas production, including unintentional or “fugitive” leaks, we conducted a review of
recent studies. We found a wide range of estimates for CH4 emissions estimates for all stages of
natural gas production. The following tables present CH, and CO, emissions resulting from
scenarios derived through the literature review. We recognize that different ranges could be
applied. The CH,4 leakage estimates are applied to ONRR onshore gas production data. We
calculate CH4 and CO, emissions for the low and high estimates of CH, leakage for
upstream/midstream and downstream unconventional (shale and tight gas) and conventional
natural gas production.

CH, emissions are calculated using either bottom-up or top-down studies. CH, emissions for
official inventories are estimated from the “bottom up,” in which emissions factors are multiplied
by activity data from U.S. GHG inventories (e.g., the EPA GHG Inventory). In contrast, top-
down studies use direct CH, measurements in natural gas production basins (Petron et al., 2012;
Karion, 2013). We include estimates derived from both methodologies in the scenarios below.

Methodology for calculating CH4 and CO, emissions for leakage scenarios

The first step in calculating CH4 and CO, emissions for each of the scenarios is to convert
natural gas (Mcf) into CH,. We assume 78.8% CHy, for production natural gas (i.e., upstream and
midstream) and 93.4% CHj, for pipeline natural gas (i.e., downstream). We assume that
production-quality natural gas is 1.52% CO,, and pipeline quality natural gas is 0.47% CO,
(NETL, 2011).The second step is to calculate the fraction of unconventional and conventional
natural gas production. This step only applies to upstream and midstream scenarios, not to
downstream scenarios.’’ The third step is to convert the resulting CH, and CO, emissions into
metric tons. For CHy, there are 0.0193 metric tons CH, per Mcf. For CO, there are

0.0519 metric tons CO, per Mcf. The fourth step is to apply the CH,4 leakage rate for a given
scenario to the total CH, and CO, quantities and to calculate the emissions associated with
leakage. The final step is to convert the CH, emissions into CO.e, using the GWP factor of 25.

17. For this analysis, we assumed that natural gas produced on federal lands mirrors the U.S. split between
conventional and unconventional (shale and tight gas) natural gas production. According to EIA,
unconventional gas production has grown from 39% to 61% of total natural gas production between 2008 and
2012 (Annual Energy Outlook 2013 with Projections to 2040, EIA, 2013).
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We have included bottom-up and top-down estimates of percent CH,4 leakage in natural gas
production in Table A.4. As stated above, the range of emissions estimates is significant.
Upstream (at the well site) and midstream (at gas processing plants) unconventional CH,
emissions range from 0.6% to 17.3%.®

Table A.4. Unconventional gas (% CH4 produced over lifetime of well)?

Stephenson et al. (2011) 0.6%
U.S. EPA (2011)° 3.0%
Howarth et al. (2011) 3.3%
Caulton et al. (2014) 2.8-17.3%
Petron et al. (2012) 2.3-7.7%
Karion (2013) 6.2-11.7%

a. The CH, estimates were reviewed in Howarth et al. (2012b) and Caulton et al. (2014).
b. The EPA estimate in this table is calculated in Howarth et al. (2012a), using national
emissions from EPA reports and national gas production data from DOE.

Using the range of emissions estimates from the studies listed above, we calculated the resulting
indirect CH4 and CO, emissions from unconventional natural gas produced on public lands for
the low and high scenarios. Tables A.5 and A.6 present emissions that may be associated with
low and high scenarios for unconventional upstream and midstream natural gas production.

We provide estimates for upstream and midstream emissions from conventional natural gas
production below, expressed as the percentage of CH,4 produced over the lifecycle of a well. The
estimates in the studies included a range from 0.4% to 2.0%, as we present in Table A.7.

Using the range of emissions estimates from the studies listed above, we calculated the resulting
indirect CH4 and CO; emissions that may be associated with conventional natural gas produced
on public lands. Table A.8 presents the low scenario and Table A.9 presents the high scenario for
upstream and midstream emissions.

18. Other recent studies that are not included in the compiled emissions estimates illustrate the uncertain nature
of these estimates. In their 2013 study, Allen et al. (2013) found lower CH, emissions than EPA estimates,
using scaled actual measurements. The Allen et al. (2013) study covered 190 onshore natural gas sites in the
United States. Another study, by Miller et al. (2013), used atmospheric data for the United States; the authors
found that EPA inventories underestimated CH, emissions. Still another study, Brandt et al. (2014), found that
measured natural gas emissions rates were higher than inventory estimates, possibly because of a small number
of “superemitting” wells.
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Table A.5. CH, and CO, emissions associated with natural gas production from public
lands: Unconventional gas, upstream and midstream, low scenario (0.6% CH, leakage)

Emissions (metric tons) 2008 2009 2010 2011 2012
CH,4 99,408 91,191 108,030 122,172 130,011
CH4—COye 2,485,188 2,279,771 2,700,758 3,054,311 3,250,281
CO; 5,156 4,730 5,604 6,337 6,744

Table A.6. CH, and CO, emissions associated with natural gas production from public
lands: Unconventional gas, upstream and midstream, high scenario (17.3% CH, leakage)

Emissions (metric tons) 2008 2009 2010 2011 2012
CH, 2,866,251 2,629,336 3,114,874 3,522,638 3,748,658
CH4,—COse 71,656,265 65,733,389 77,871,850 88,065,962 93,716,440
CO, 148,676 136,387 161,573 182,724 194,448

Table A.7. Conventional gas®

U.S. EPA (2011) 1.6%
Howarth et al. (2011) 1.4%
Hayhoe et al. (2002) 1.2%
Hultman et al. (2011) 1.3%
Venkatesh et al. (2011) 1.8%
Burnham et al. (2011) 2.0%
Stephenson et al. (2011) 0.4%
Cathles et al. (2012) 0.9%

a. The CH,4 estimates from each study were
reviewed in Howarth et al. (2012b).

Table A.8. CH, and CO, emissions associated with natural gas production from public
lands: Conventional gas, upstream and midstream, low scenario (0.4% CH, leakage)

Emissions (metric tons) 2008 2009 2010 2011 2012

CH, 103,656 77,374 78,022 61,443 55,415

CH,~COe 2,591,393 1,934,351 1,950,547 1,536,086 1,385,366

CO, 5,377 4,013 4,047 3,187 2,874
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Table A.9. CH, and CO, emissions associated with natural gas production from public
lands: Conventional gas, upstream and midstream, high scenario (2.0% CH, leakage)

Emissions (metric tons) 2008 2009 2010 2011 2012
CH,4 518,279 386,870 390,109 307,217 277,073
CH4—CO,e 12,956,965 9,671,755 9,752,736 7,680,431 6,926,829
CO; 26,884 20,067 20,235 15,936 14,372

Recent estimates in peer-reviewed literature for downstream emissions of CH4 from natural gas
systems range from 0.07% to 10% of the CH,4 produced over the lifetime of the well.
Downstream emissions refer to emissions that occur in storage, and transmission and distribution
pipelines. Table A.10 presents the range of downstream CH,4 emissions from various studies.

Table A.10. Downstream CH, emissions®

Hayhoe et al. (2002) 0.2-10%
Lelieveld et al. (2005) 1.0-2.5%
Howarth et al. (2011) 1.4-3.6%
U.S. EPA (2011) 0.9%
Jiang et al. (2011) 0.4%
Hultman et al. (2011) 0.9%
Venkatesh et al. (2011) 0.4%
Burnham et al. (2011) 0.6%
Stephenson et al. (2011) 0.07%
Cathles et al. (2012) 0.7%

a. The CH, estimates from each study were reviewed in
Howarth et al. (2012b) and Caulton et al. (2014).

Tables A.11 and A.12 present the low and high scenarios for CH, and CO, emissions for
downstream emissions, respectively.

Table A.11. Associated CH; and CO, emissions from public lands: Downstream? emissions
from natural gas, low scenario (0.07% CH, leakage)

Emissions (metric tons) 2008 2009 2010 2011 2012
CH,4 35,247 28,659 31,122 29,639 29,473
CH4—COye 881,175 716,483 778,058 740,979 736,815
CO; 477 388 421 401 399

a. Downstream emissions occur in transmission and distribution pipelines and in storage.
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Table A.12. Associated CH4 and CO; emissions from public lands: Downstream emissions
from natural gas, high scenario (10% CH, leakage)

Emissions (metric tons) 2008 2009 2010 2011 2012

CH, 5,035,286 4,094,189 4,446,004 4,234,165 4,210,372

CH,~COe 125,882,140 102,354,727 111,151,111 105,854,124 105,259,307

CO, 68,137 55,402 60,164 57,297 56,975
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