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Introduction

The regulatory environment affecting the oil and gas (O&G) industry over the last two years has been rapidly
changing and expanding. Unfortunately, the majority of regulatory changes have generally not been favorable to
the industry. Among these regulatory developments, a key one has been the issuance of the first ever federal
greenhouse gas (GHG) mandatory reporting regulation (MRR). The first set of these federal regulations was
issued by the US Environmental Protection Agency (USEPA) on October 30, 2009 under 40 CFR Parts, 86, 87,
89 et al. encompassing a large variety of industries across the country. A subsequent set of regulations was
issued on November 30, 2010 and this second set of regulations issued under 40 CFR 98, Subpart W
encompasses all sectors of the O&G industry from wellhead to burner tip.

This paper covers the background of the GHG MRR, the various portions of the rules affecting the O&G industry,
and the measurement and monitoring related requirements associated with the latest set of rulemaking delineated
in 40 CFR 98, Subpart W (Petroleum and Natural Gas Systems).

Background and Development of the Rules

The USEPA was originally directed to develop GHG reporting rules under the Fiscal Year (FY) 2008 Consolidated
Appropriations Act signed on December 26, 2007. This bill authorized funding for USEPA to develop and publish
a GHG reporting rule by June 2009. This rule was subsequently delayed until October 2009. Ultimately, the
USEPA determined it had the authority under Section 114 of the Clean Air Act to develop a reporting rule
specifically to gather information on GHG emissions across all sectors of the economy. The initial rule issued in
October 30, 2009 encompassed the 30 industry source categories included in Table 1.

Table 1
GHG MRR Subparts and Source Categories in October 30, 2009 Rule

Subpart A General Provisions Subpart X Petrochemical Production
Subpart C General Stationary Fuel | SubpartY Petroleum Refineries
Combustion Sources

Subpart D Electricity Generation Subpart Z Phosphoric Acid
Production

Subpart E Adipic Acid Production Subpart AA Pulp & Paper
Manufacturing

Subpart F Aluminum Production Subpart BB Silicon Carbide Production

Subpart G Ammonia Manufacturing Subpart CC Soda Ash Manufacturing

Subpart H Cement Production Subpart EE Titanium Dioxide
Production

Subpart K Ferroalloy Production Subpart GG Zinc Production

Subpart N Glass Production Subpart HH Municipal Solid Waste
Landfills

Subpart O HCFC-22 Production and | Subpart JJ Manure Management

HFC-23 Destruction

Subpart P Hydrogen Production Subpart LL Suppliers of Coal-Based
Liguid Fuels

Subpart Q Iron & Steel Production Subpart MM Suppliers of Petroleum
Products




Table 1
GHG MRR Subparts and Source Categories in October 30, 2009 Rule

Subpart R Lead Production Subpart NN Suppliers of Natural Gas
and Natural Gas Liquids

Subpart S Lime Manufacturing Subpart OO Suppliers  of Industrial
Greenhouse Gases

Subpart U Misc. Uses of Carbonate Subpart PP Suppliers  of  Carbon
Dioxide

Subpart V Nitric Acid Production

The above source categories are required to register and submit a certificate of representation for affected
facilities by January 30, 2011 and initially report GHG emissions by March 31, 2011 for the 2010 calendar year if
the total emissions for a facility that includes the above source categories exceeds 25,000 metric tons per year of
GHG emissions.

During this initial rulemaking in 2009, the USEPA had proposed an initial Subpart W that encompassed all sectors
of the O&G industry, but they decided to defer that rulemaking to 2010 because of the huge volume of comments
received on that subpart. They needed more time to fully address all comments in a more comprehensive rule.
The USEPA subsequently issued an updated proposed Subpart W rule on April 12, 2010. This Subpart W rule
was subsequently finalized on November 30, 2010 with an effective date of January 1, 2011. Table 2 provides a
listing of the specific O&G industry sectors encompassed by this November 30, 2010 rule.

Table 2
0&G Industry Segments covered under Subpart W

40 CFR 98, Subpart W (Petroleum and Natural Gas | Offshore Production

Systems Onshore Production

Onshore Natural Gas Processing

Onshore Natural Gas Transmission Compression

Underground Storage

LNG Storage

LNG Import & Export Equipment

Natural Gas Distribution

Summary of Rules affecting Oil and Gas Industry

The initial rulemaking in 2009 and the subsequent updates in 2010 encompassed a variety of source categories
specific to the O&G industry. The following lists the source categories potentially affecting the O&G industry in
some manner.

Subpart A: General Provisions

Subpart C: Stationary Combustion

Subpart D: Electricity Generation (if a cogeneration facility)

Subpart W: Petroleum and Natural Gas Systems

Subpart Y: Petroleum Refineries

Subpart MM: Suppliers of Petroleum Products

Subpart NN: Suppliers of Natural Gas and Natural Gas Liquids

Subpart PP: Suppliers of Carbon Dioxide

Subpart RR: Injection and Geologic Sequestration of Carbon Dioxide (finalized in 2010)

It is clear from the listing of all the source categories included in Tables 1 and 2 that the O&G industry has the
most comprehensive coverage under this rule when compared to other industries that are typically only required
to report under only one or two subparts of the rule. In comparison, a single O&G company could have to report
under all nine of the above subparts. Because of the comprehensive nature of this GHG reporting rule, the scope




of this paper has been limited to Subpart W because each of the above subparts has enough requirements that a
separate paper could be written about each one. Therefore, the goal of this paper is to provide enough specific
information on the single Subpart W category widely considered to be one of the most comprehensive reporting
rules ever written that affects the O&G industry exclusively.

Summary of Petroleum and Natural Gas Systems Rule (40 CFR 98, Subpart W)

As discussed in prior sections, this paper will primarily cover the specific requirements associated with the
Subpart W portion of the GHG MRR. The facilities subject to Subpart W must report the following GHGs under
this rule.

e Carbon Dioxide (CO,) and Methane (CH,4) emissions from equipment leaks and vents,
e CO,, CHy4, and nitrous oxide (N,O) emissions from combustion, and
e CO,, CH,4, and N,O from combustion at flares.

For consistency in reporting GHG emissions for all industry sectors, the above constituents are reported in a
standardized form after the application of a scaling factor called a global warming potential (GWP). The
standardized form is called CO, equivalent (CO,e) emissions and the GWP for the above constituents are as
follows:

e CO,; GWP=1
e CH, GWP =21
e N,O: GWP =310

For example, a pound of CO, emissions equals one pound of COe (or GHG emissions) and one pound of CH,4
equals 21 pounds of CO.e (or GHG emissions).

The Subpart W portion of the GHG MRR encompasses all segments of the O&G industry from oil and gas
production to local distribution companies. It is intended to require reporting of the CO,, CH,4, and N,O emissions
from different equipment types and emission sources within the various segments of the industry. Table 3
provides a breakdown of the different source types covered within each industry segment. Although most of this
equipment is found in many of these industry segments, it was the determination of the USEPA that the checked
categories were the primary sources of GHG emissions that needed to be reported under Subpart W. There may
be a rulemaking in the future or an amendment to Subpart W that will add more source categories to the
respective industry segments.

Table 3
Summary of Subpart W Source Types in Each Industry Segment
Source Type OfP OnP NGP | NGT | UST LNGSt LNGI&E DIS
NG Pneumatic Device X X X
NG Driven Pneumatic Pumps X
Acid Gas Removal Vents X X
Dehydrator Vents X X
Well Venting for Liquids Unloading X
Gas well venting during well X
completions and workovers with
hydraulic fracing
Gas well venting during well X
completions and workovers without
hydraulic fracing
Blowdown vent stacks X X X X
Onshore Production Storage Tanks X
Transmission Storage Tanks X
Well testing venting and flaring X
Associated gas venting and flaring X




Table 3
Summary of Subpart W Source Types in Each Industry Segment

Source Type OofP OnP NGP | NGT | UST LNGSt LNGI&E DIS
Flare Stacks X X

Centrifugal Compressor Venting X X X X X X
Reciprocating Compressor Rod X X X X X X

Packing Venting

Equipment Fugitive Leaks X X X X X X X
Population Count and Emission X X X X X
Factor

Vented, Equipment Leaks and Flare X
Emissions Identified in BOEMRE
GOADS Study

Enhanced Oil Recovery X

hydrocarbon liquids dissolved CO,

Enhanced Oil Recovery Injection X

Pump Blowdown

Onshore Petroleum and Natural X X

Gas Production and Natural Gas
Distribution Combustion Emissions

OfP: Offshore Production

OnP: Onshore Production

NGP: Onshore Natural Gas Processing
NGT: Onshore Natural Gas Transmission
UST: Underground Storage

LNGSt: LNG Storage

LNGI&E: LNG Import and export equipment
DIS: Distribution

Measurement and Monitoring Requirements Associated with Subpart W

The GHG MRR requires the development of a GHG Monitoring Plan by April 1, 2011 under Subpart A, 40 CFR
98.3 (g)(5) for each affected facility. This GHG Monitoring Plan is not required to be submitted to the USEPA, but
it must be kept on file at each facility and it is considered a “living” document that needs to be updated periodically
as changes occur. The GHG Monitoring Plan is essentially the foundation of a robust monitoring, measurement,
recordkeeping, and reporting program for GHGs. The GHG monitoring plan needs to include the following
components for each affected facility:

e Company name, facility name, address, and primary contact information
¢ Positions of responsibility

¢ Data collection methodologies

e Maintenance and repair procedures

¢ Monitoring, measurement, and QA/QC requirements

¢ Applicable engineering estimates and procedures being used

¢ Any best available monitoring methods (BAMM) being used

Each source type identified in Table 3 has specific methodologies delineated in the Subpart W rule that are used
to determine the corresponding GHG emissions. The following sections briefly describe the methodologies and
any measurement or monitoring requirements associated with the source type. Additional details associated with
each of these methodologies are provided in 40 CFR 98.233.

¢ Natural Gas Pneumatic Devices: perform a count of the number of pneumatic devices for the affected
facility and apply a GHG emission factor to determine the GHG emissions for a calendar year




Natural Gas Driven Pneumatic Pumps: perform a count of the number of pneumatic driven pumps and

apply a GHG emission factor to determine the GHG emissions for a calendar year

Acid Gas Removal Vents: Four (4) different methodologies could be used to determine the GHG

emissions associated with these types of vents for CO, emissions only.

(0]
(0]

Methodology 1: CO, data from a Continuous Emission Monitoring System (CEMS)
Methodology 2: Annual volume of vent gas (measured at ambient conditions) flowing out of the
AGR measured using a flow meter and CO, volume percent of vent gas (recorded continuously
or quarterly by a gas analyzer)

Methodology 3: Inlet and outlet natural gas flow measured by a flow meter (or use an
engineering calculation to determine the flow rate) and volume fraction of CO, in the natural gas
flowing into and out of the AGR measured continuously or quarterly by a gas analyzer or sales
line quality specification for CO2 for the outlet gas.

Methodology 4: Process simulation software such as AspenTech HYSYS or AMINECalc
Three (3) Step Decision Tree:

» Methodology 1: preferred approach
= Methodology 2: if CEMS are not available, this would be the alternative method

Methodology 3 and 4: if methodology 2 is not available, either one of these methods
could be used.

Dehydrator Vents: Two (2) different methodologies for glycol dehydrators and a separate methodology

for desiccant-type dehydrators.

(o}

(o}

(o}

Methodology 1 (glycol dehydrators >= 0.4 MMscf/day average annual actual throughput): GRI-
GlyCALC 4.0 using a wet natural gas composition going into the dehydrator

Methodology 2 (glycol dehydrators < 0.4 MMscf/day average annual actual throughput): count
number of these dehydrators and apply an emission factor specified in the rule

Methodology for desiccant-type dehydrators: determine volume of gas emitted during refilling of
desiccant and GHG content.

Well venting for liquids unloading: Three (3) different methodologies can be used to determine GHG

emissions.

(o}

Methodology 1: Metered flow at wellhead separator or atmospheric storage tank, average flow
rate of venting per hour per tubing diameter and producing horizon in each producing field, GHG
mole percent in natural gas

Methodology 2: No plunger lift assist — casing diameter and well depth, number of vents per
year, temperature and shut-in pressure (psig)

Methodology 3: tubing diameter and depth, number of vents per year, temperature and pressure
of vented gas

Gas well venting during well completions and workovers with hydraulic fracturing: Two (2)

methods to determine vented flow

(0]

Methodology 1:

= Metered flow determined every other year for one well completion and workover in each
field and horizon or average flow rate of venting to the atmosphere or routed to the flare
is determined,

Flow rates are applied to all well completions in the producing field and to all well
workovers for the total hours of venting

o0 Methodology 2: Requires well flowing pressure and temperature upstream of well choke and

flowing pressure downstream in subsonic flow



Gas well venting during well completions and workovers without hydraulic fracturing:
o0 Number of completions and workovers per field

Total annual gas production (in cubic feet)

Total number of hours that wells produced to sales line

Average daily gas production rate (in cubic feet per hour)

Amount of time each well completion was venting (hour/year)

Temperature and pressure of vented natural gas

OO0OO0OO0O0

Blowdown vent stacks:

o Equipment included in this source category: compressors, vessels, pipelines, headers,
fractionators, and tanks

o Equipment with physical volume < 50 cubic feet between isolation valves are exempt from this
source category

0 Report volumes for blowdown venting of equipment that have a physical volume greater than or
equal to 50 cubic feet between isolation valves

o Track and keep records of the number of blowdowns per year for each equipment type

Onshore Production Storage Tanks: Five (5) different methodologies can be used to determine GHG
emissions from this source category
o0 Methodology 1: Separators with average annual actual throughput greater than or equal to 10
bbl/day, use operating conditions in the last wellhead gas-liquid separator before transfer to
storage tanks,
= Use E&P Tanks software to determine emissions
= Separator oil composition, production rate, and temperature and pressure of oil
= Ambient air temperature and pressure
= Sales oil API gravity and Reid Vapor Pressure (RVP) of liquid
0 Methodology 2: Separators with average annual actual throughput greater than or equal to 10
bbl/day, assume all CH4 and CO, in solution is emitted, mass balance methodology
0 Methodology 3: Storage tanks with average annual actual throughput greater than or equal to 10
bbl/day without separator
= With actual oil and gas compositions: assume all CH4 and CO, are emitted from tank
= Without actual oil and gas compositions: use default parameters in E&P Tanks
0 Methodology 4: Wells with oil production greater than or equal to 10 bbl/day that flow to a
separator not at the wellpad
= Use actual oil and gas compositions that are available and assume all of the CH, and
CO, in the oil is emitted from the tank
= |f actual oil and gas compositions are not available; use default parameters in E&P Tanks
0 Methodology 5: Separators less than 10 bbl/day, emission factors and total count of separators
and wells

Transmission Storage Tanks:

0 Uncontrolled: Visual leak detection using optical gas imaging or annually monitor leakage
through compressor dump valves using an acoustic leak detection device and measure the
leakage using a flow meter

o Controlled: Estimate emissions using the flare stack methodology to determine storage tanks
emissions from the flare

Well Testing Venting and Flaring:

Gas to oil ratio (GOR)

Oil flow rate (bbl/day)

Number of days per year that the well is tested

Well testing emissions — to flares as control devices

Well testing emissions and gas composition data

Use flare stack methodology to determine emissions if controlled by a flare

OO0OO0OO0OO0O0



e Associated Gas Venting and Flaring:

0 Uncontrolled: GOR, annual oil production, produced natural gas composition (measure by gas
analyzer continuously or quarterly), ambient temperature and pressure
o0 Flare controlled: use flare stack methodology to determine emissions for CO,, CH,4, and N,O

e Flare stacks:

(0]
(0]

(o}

Metered vent gas flow rates or engineering estimates of vent gas going to the flare

Gas composition from gas analyzer or default parameters of feed natural gas or residue gas for
natural gas facilities

For hydrocarbon stream going to flare, use a representative composition from the source for the
stream determined by engineering calculation based on process knowledge and best available

data.

Flare combustion efficiency: provided by flare manufacturer or use a default of 98 percent

Flare emissions must be corrected for flare emissions that are calculated and reported under
other sources to avoid double counting of emissions (i.e. emissions from compressor vent going
to the flare would be reported under compressor venting, not flare)

e Centrifugal Compressor Venting:
o0 Onshore petroleum and natural gas production facilities:

Count total population of centrifugal compressors and multiply by emission factor

o Onshore natural gas processing, onshore natural gas transmission, underground natural gas
storage, LNG storage, LNG import and export

Measure gas flow (scf/hour) through wet seal oil degassing vent in as found mode
Measure gas flow (scf/hour) through wet and dry seal compressor blowdown valve in as
found operating mode

Measure gas flow (scf/hour) through wet and dry seal compressor unit isolation valve
without blind flanges (not operating depressurized mode)

Total hours per year the compressor was in each mode of operation

Measurement: volumetric flow of wet seal oil degassing vents (permanent or temporary
meter)

Measurement: volumetric flow of blowdown and isolation valves (calibrated bag, high
volume sampler, acoustic detection or flow meters)

Track percentage of vented gas recovered for beneficial use

Determine GHG mole fraction in vent gas on an annual average

Track ambient temperature and pressure (for actual conditions, use average atmospheric
conditions)

Must conduct a measurement of each compressor in the not operating, depressurized
mode at least once every 3 calendar years.

e Reciprocating Compressor Rod Packing Venting:
0 Onshore petroleum and natural gas production facilities:

Count total population of reciprocating compressors and multiply by emission factor

o0 Onshore natural gas processing, onshore natural gas transmission, underground natural gas
storage, LNG storage, LNG import and export

Open ended vent line: Measure gas flow (scf/hour) through rod packing, blowdown vent,
and unit isolation valve in as found mode
No open ended vent line:
e Perform annual leak detection using optical gas imaging camera, Method 21,
infrared laser, acoustic leak detection device
e Measure flow rate of leaks with high flow sampler, calibrated bag, or an
appropriate meter
Total time (hours/year) the compressor was in each mode of operation that was
measured during that calendar year
GHG mole fraction in vent gas
Emission factor (developed by each company and specific to your compressors) is
applied to each mode of operation not measured during that calendar year



= Must conduct a measurement of each compressor in the not operating, depressurized
mode at least once every 3 calendar years

e Equipment Leaks and Population Counts:
o Annual leak survey using optical gas imaging, Method 21 — TVA 1000B, Infrared laser beam,

acoustic leak detection device

o Emission factors are then applied to the components found leaking during leak survey

(o}

(0]
(0]

(o}

(0]
(0]

(0]
(6]

(0]
(0]

(o}

Population counts (Onshore petroleum and natural gas production category):
= Method 1: Count major pieces of equipment and multiply component count by default
average components listed in Tables W-1B and W-1C of Subpart W
= Method 2: Count each component and use the applicable emission factor in Table W-1A

Vented, Equipment Leaks and Flare Emissions Identified in BOEMRE GOADS Study:

Methods outlined in the BOEMRE Gulfwide Emissions Inventory Study (GOADS)

Facilities reporting under GOADS must report same annual emissions as calculated by BOEMRE
using activity data submitted by offshore platform operators

Facilities not reporting under GOADS: monthly activity data from applicable offshore production
facilities must be collected in accordance with the latest GOADS program instructions and GHG
emissions calculated in accordance with the latest GOADS study

Enhanced Oil Recovery (EOR) Hydrocarbon Liquids Dissolved CO,:

Calculate CO, emissions downstream of hydrocarbon liquids storage tanks associated with EOR
Perform annual liquids composition sampling downstream of the respective storage tank to
determine mass of CO, dissolved in hydrocarbons beyond storage per barrel of produced liquid
hydrocarbons

EOR Injection Pump Blowdown:

Calculate CO, emissions from critical phase CO, EOR injection pump blowdowns

Use engineering estimates and best available data to determine the volume of gas-containing
structures between isolation valves

Track and keep records of the annual number of blowdowns for each EOR pump

Determine density of the supercritical EOR injection gas using a standard published by a
consensus-based standards organization

Calculate annual GHG emissions associated with EOR injection pump blowdowns using the
number of blowdowns, volume of blown down equipment, mass fraction of CO, in the injection
gas, the density of the injection gas, and a conversion factor

e Onshore petroleum and natural gas production and natural gas distribution combustion
emissions:

(o}

If fuel combusted is listed in Table C-1 of Subpart C, utilize Tier 1 calculation methodology
specified in Subpart C. This methodology allows the use of best available operating data for
determining fuel consumption for the combustion sources combined with a default higher heating
value

If fuel combusted is field gas or a combination of field gas or process vent gas and one or more
fuels listed in Table C-1, need to use volume of fuel and composition of the fuel to calculate CO,
emissions. The volume of the fuel and gas composition can be determined using a fuel meter
and gas analyzer, or best engineering accepted methods.

GHG emissions from external fuel combustion sources with a rated heat input capacity less than
or equal to 5 MMBtu/hr do not have to be reported. Only unit count by type of unit need to be
reported for this category.



Conclusion

This paper provides a brief summary of the recent GHG Mandatory Reporting Rule that has been developed and
implemented over the last two years. This rulemaking is the first of its kind promulgated by the USEPA requiring
GHG reporting on a nationwide scale beginning in 2011 for the 2010 reporting year. As outlined in the prior
paragraphs, this rule has had the most profound impact on the O&G industry with the issuance of nine separate
subparts that could trigger reporting for all sectors of the industry from wellhead to burner tip. The most
comprehensive of these subparts is widely considered to be Subpart W (Petroleum and Natural Gas Systems)
because it encompasses all segments of the O&G industry. This paper primarily focused on the specifics of
Subpart W as it pertains to the measurement and monitoring requirements for the industry. Because of the broad
scope and burdensome requirements associated with Subpart W, the national industry trade groups such as API,
GPA, and INGAA and numerous smaller state and regional trade groups have implemented extensive advocacy
efforts to try to get revisions made to this rule to simplify some of the requirements and petition the USEPA for
reconsideration of various parts of the rule. The advocacy efforts have been successful for revising some of the
components of the rule and not so successful for other components. It is still uncertain how many revisions will
be implemented by the first reporting deadline of March 31, 2012 that encompasses the reporting year of 2011 for
Subpart W.
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