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FOREWORD

This background technical support document (TSD) provides information relevant to the proposal of
New Source Performance Standards (NSPS) for limiting VOC emissions from the Oil and Natural Gas
Sector. The proposed standards were developed according to section 111(b)(1)(B) under the Clean Air
Act, which requires EPA to review and revise, is appropriate, NSPS standards. The NSPS review allows
EPA to identify processes in the oil and natural sector that are not regulated under the existing NSPS but
may be appropriate to regulate under NSPS based on new information. This would include processes
that emit the current regulated pollutants, VOC and SO,, as well as any additional pollutants that are
identified. This document is the result of that review process. Chapter 1 provides introduction on NSPS
regulatory authority. Chapter 2 presents an overview of the oil and natural gas sector. Chapter 3
discusses the entire NSPS review process undertaken for this review. Finally, Chapters 4-8 provide
information on previously unregulated emissions sources. Each chapter describes the emission source,
the estimated emissions (on average) from these sources, potential control options identified to reduce
these emissions and the cost of each control option identified. In addition, secondary impacts are

estimated and the rationale for the proposed NSPS for each emission source is provided.
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1.0 NEW SOURCE PERFORMANCE STANDARD BACKGROUND

Standards of performance for new stationary sources are established under section 111 of the Clean Air
Act (42 U.S.C. 7411), as amended in 1977. Section 111 directs the Administrator to establish standards
of performance for any category of new stationary sources of air pollution which “...causes or
contributes significantly to air pollution which may reasonably be anticipated to endanger public health
or welfare.” This technical support document (TSD) supports the proposed standards, which would
control volatile organic compounds (VOC) and sulfur dioxide (SO;) emissions from the oil and natural

gas sector.
1.1 Statutory Authority

Section 111 of the Clean Air Act (CAA) requires the Environmental Protection Agency Administrator to
list categories of stationary sources, if such sources cause or contribute significantly to air pollution
which may reasonably be anticipated to endanger public health or welfare. The EPA must then issue
performance standards for such source categories. A performance standard reflects the degree of
emission limitation achievable through the application of the “best system of emission reduction”
(BSER) which the EPA determines has been adequately demonstrated. The EPA may consider certain
costs and nonair quality health and environmental impact and energy requirements when establishing
performance standards. Whereas CAA section 112 standards are issued for existing and new stationary
sources, standards of performance are issued for new and modified stationary sources. These standards
are referred to as new source performance standards (NSPS). The EPA has the authority to define the
source categories, determine the pollutants for which standards should be developed, identify the

facilities within each source category to be covered and set the emission level of the standards.

CAA section 111(b)(1)(B) requires the EPA to “at least every 8 years review and, if appropriate, revise”
performance standards unless the “Administrator determines that such review is not appropriate in light
of readily available information on the efficacy” of the standard. When conducting a review of an
existing performance standard, the EPA has discretion to revise that standard to add emission limits for

pollutants or emission sources not currently regulated for that source category.

In setting or revising a performance standard, CAA section 111(a)(1) provides that performance
standards are to “reflect the degree of emission limitation achievable through the application of the best

system of emission reduction which (taking into account the cost of achieving such reduction and any
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non-air quality health and environmental impact and energy requirements) the Administrator determines
has been adequately demonstrated.” This level of control is referred to as the best system of emission
reduction (BSER). In determining BSER, a technology review is conducted that identifies what emission
reduction systems exist and how much the identified systems reduce air pollution in practice. For each
control system identified, the costs and secondary air benefits (or disbenefits) resulting from energy
requirements and non-air quality impacts such as solid waste generation are also evaluated. This analysis
determines BSER. The resultant standard is usually a numerical emissions limit, expressed as a
performance level (i.e., a rate-based standard or percent control), that reflects the BSER. Although such
standards are based on the BSER, the EPA may not prescribe a particular technology that must be used
to comply with a performance standard, except in instances where the Administrator determines it is not
feasible to prescribe or enforce a standard of performance. Typically, sources remain free to elect
whatever control measures that they choose to meet the emission limits. Upon promulgation, a NSPS

becomes a national standard to which all new, modified or reconstructed sources must comply.
1.2 History of Oil and Natural Gas Source Category

In 1979, the EPA listed crude oil and natural gas production on its priority list of source categories for
promulgation of NSPS (44 FR 49222, August 21, 1979). On June 24, 1985 (50 FR 26122), the EPA
promulgated a NSPS for the source category that addressed volatile organic compound (VOC) emissions
from leaking components at onshore natural gas processing plants (40 CFR part 60, subpart KKK). On
October 1, 1985 (50 FR 40158), a second NSPS was promulgated for the source category that regulates
sulfur dioxide (SO») emissions from natural gas processing plants (40 CFR part 60, subpart LLL). Other

than natural gas processing plants, EPA has not previously set NSPS for a variety of oil and natural gas
operations. These NSPS are relatively narrow in scope as they address emissions only at natural gas
processing plants. Specifically, subpart KKK addresses VOC emissions from leaking equipment at
onshore natural gas processing plants, and subpart LLL addresses SO, emissions from natural gas

processing plants.
1.3 NSPS Review Process Overview

CAA section 111(b)(1)(B) requires EPA to review and revise, if appropriate, NSPS standards. First, the
existing NSPS were evaluated to determine whether it reflects BSER for the emission affected sources.

This review was conducted by examining control technologies currently in use and assessing whether
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these technologies represent advances in emission reduction techniques compared to the technologies
upon which the existing NSPS are based. For each new control technology identified, the potential
emission reductions, costs, secondary air benefits (or disbenefits) resulting from energy requirements
and non-air quality impacts such as solid waste generation are evaluated. The second step is evaluating
whether there are additional pollutants emitted by facilities in the oil and natural gas sector that
contribute significantly to air pollution and may reasonably be anticipated to endanger public health or
welfare. The final review step is to identify additional processes in the oil and natural gas sector that are
not covered under the existing NSPS but may be appropriate to develop NSPS based on new
information. This would include processes that emit the current regulated pollutants, VOC and SO, as

well as any additional pollutants that are identified. The entire review process is described in Chapter 3.
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2.0 OIL AND NATURAL GAS SECTOR OVERVIEW

The oil and natural gas sector includes operations involved in the extraction and production of oil and
natural gas, as well as the processing, transmission and distribution of natural gas. Specifically for oil,
the sector includes all operations from the well to the point of custody transfer at a petroleum refinery.
For natural gas, the sector includes all operations from the well to the customer. The oil and natural gas
operations can generally be separated into four segments: (1) oil and natural gas production, (2) natural
gas processing, (3) natural gas transmission and (4) natural gas distribution. Each of these segments is

briefly discussed below.

Oil and natural gas production includes both onshore and offshore operations. Production operations
include the wells and all related processes used in the extraction, production, recovery, lifting,
stabilization, separation or treating of oil and/or natural gas (including condensate). Production
components may include, but are not limited to, wells and related casing head, tubing head and
“Christmas tree” piping, as well as pumps, compressors, heater treaters, separators, storage vessels,
pneumatic devices and dehydrators. Production operations also include well drilling, completion and
recompletion processes; which includes all the portable non-self-propelled apparatus associated with
those operations. Production sites include not only the “pads” where the wells are located, but also
include stand-alone sites where oil, condensate, produced water and gas from several wells may be
separated, stored and treated. The production sector also includes the low pressure, small diameter,
gathering pipelines and related components that collect and transport the oil, gas and other materials and
wastes from the wells to the refineries or natural gas processing plants. None of the operations upstream
of the natural gas processing plant (i.e. from the well to the natural gas processing plant) are covered by
the existing NSPS. Offshore oil and natural gas production occurs on platform structures that house
equipment to extract oil and gas from the ocean or lake floor and that process and/or transfer the oil and
gas to storage, transport vessels or onshore. Offshore production can also include secondary platform
structures connected to the platform structure, storage tanks associated with the platform structure and

floating production and offloading equipment.

There are three basic types of wells: Oil wells, gas wells and associated gas wells. Oil wells can have
“associated” natural gas that is separated and processed or the crude oil can be the only product
processed. Once the crude oil is separated from the water and other impurities, it is essentially ready to

be transported to the refinery via truck, railcar or pipeline. The oil refinery sector is considered
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separately from the oil and natural gas sector. Therefore, at the point of custody transfer at the refinery,

the oil leaves the oil and natural gas sector and enters the petroleum refining sector.

Natural gas is primarily made up of methane. However, whether natural gas is associated gas from oil
wells or non-associated gas from gas or condensate wells, it commonly exists in mixtures with other
hydrocarbons. These hydrocarbons are often referred to as natural gas liquids (NGL). They are sold
separately and have a variety of different uses. The raw natural gas often contains water vapor, hydrogen
sulfide (H,S), carbon dioxide (COy), helium, nitrogen and other compounds. Natural gas processing
consists of separating certain hydrocarbons and fluids from the natural gas to produced “pipeline
quality” dry natural gas. While some of the processing can be accomplished in the production segment,
the complete processing of natural gas takes place in the natural gas processing segment. Natural gas
processing operations separate and recover natural gas liquids or other non-methane gases and liquids
from a stream of produced natural gas through components performing one or more of the following
processes: Oil and condensate separation, water removal, separation of natural gas liquids, sulfur and
CO; removal, fractionation of natural gas liquid and other processes, such as the capture of CO,
separated from natural gas streams for delivery outside the facility. Natural gas processing plants are the

only operations covered by the existing NSPS.

The pipeline quality natural gas leaves the processing segment and enters the transmission segment.
Pipelines in the natural gas transmission segment can be interstate pipelines that carry natural gas across
state boundaries or intrastate pipelines, which transport the gas within a single state. While interstate
pipelines may be of a larger diameter and operated at a higher pressure, the basic components are the
same. To ensure that the natural gas flowing through any pipeline remains pressurized, compression of
the gas is required periodically along the pipeline. This is accomplished by compressor stations usually
placed between 40 and 100 mile intervals along the pipeline. At a compressor station, the natural gas

enters the station, where it is compressed by reciprocating or centrifugal compressors.

In addition to the pipelines and compressor stations, the natural gas transmission segment includes
underground storage facilities. Underground natural gas storage includes subsurface storage, which
typically consists of depleted gas or oil reservoirs and salt dome caverns used for storing natural gas.
One purpose of this storage is for load balancing (equalizing the receipt and delivery of natural gas). At
an underground storage site, there are typically other processes, including compression, dehydration and

flow measurement.



The distribution segment is the final step in delivering natural gas to customers. The natural gas enters
the distribution segment from delivery points located on interstate and intrastate transmission pipelines
to business and household customers. The delivery point where the natural gas leaves the transmission
segment and enters the distribution segment is often called the “citygate.” Typically, utilities take
ownership of the gas at the citygate. Natural gas distribution systems consist of thousands of miles of
piping, including mains and service pipelines to the customers. Distribution systems sometimes have
compressor stations, although they are considerably smaller than transmission compressor stations.
Distribution systems include metering stations, which allow distribution companies to monitor the
natural gas in the system. Essentially, these metering stations measure the flow of gas and allow

distribution companies to track natural gas as it flows through the system.

Emissions can occur from a variety of processes and points throughout the oil and natural gas sector.
Primarily, these emissions are organic compounds such as methane, ethane, VOC and organic hazardous
air pollutants (HAP). The most common organic HAP are n-hexane and BTEX compounds (benzene,
toluene, ethylbenzene and xylenes). Hydrogen sulfide and SO, are emitted from production and

processing operations that handle and treat sour gas'

In addition, there are significant emissions associated with the reciprocating internal combustion engines
and combustion turbines that power compressors throughout the oil and natural gas sector. However,
emissions from internal combustion engines and combustion turbines are covered by regulations specific

to engines and turbines and, thus, are not addressed in this action.

" Sour gas is defined as natural gas with a maximum H,S content of 0.25 gr/100 scf (4ppmv) along with the presence of CO,
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3.0 NEW SOURCE PERFORMANCE STANDARD REVIEW

As discussed in section 1.2, there are two NSPS that impact the oil and natural gas sector: (1) the NSPS
for equipment leaks of VOC at natural gas processing plants (subpart KKK) and (2) the NSPS for SO,
emissions from sweetening units located at natural gas processing plants (subpart LLL). Because they

only address emissions from natural gas processing plants, these NSPS are relatively narrow in scope.

Section 111(b)(1) of the CAA requires the EPA to review and revise, if appropriate, NSPS
standards. This review process consisted of the following steps:

1. Evaluation of the existing NSPS to determine whether they continue to reflect the BSER for the
emission sources that they address;

2. Evaluation of whether there were additional pollutants emitted by facilities in the oil and natural
gas sector that warrant regulation and for which there is adequate information to promulgate
standards of performance; and

3. Identification of additional processes in the oil and natural gas sector for which it would be
appropriate to develop performance standards, including processes that emit the currently
regulated pollutants as well as any additional pollutants identified in step two.

The following sections detail each of these steps.

3.1 Evaluation of BSER for Existing NSPS

Consistent with the obligations under CAA section 111(b), control options reflected in the current NSPS
for the Oil and Natural Gas source category were evaluated in order to distinguish if these options still
represent BSER. To evaluate the BSER options for equipment leaks the following was reviewed: EPA’s
current leak detection and repair (LDAR) programs, the Reasonably Available Control Technology
(RACT)/Best Available Control Technology (BACT)/Lowest Achievable Emission Rate (LAER)
Clearinghouse (RBLC) database, and emerging technologies that have been identified by partners in the
Natural Gas STAR pro gram.1

3.1.1 BSER for VOC Emissions from Equipment Leaks at Natural Gas Processing Plants

The current NSPS for equipment leaks of VOC at natural gas processing plants (40 CFR part 60, subpart
KKK) requires compliance with specific provisions of 40 CFR part 60, subpart VV, which is a LDAR

program, based on the use of EPA Method 21 to identify equipment leaks. In addition to the subpart VV
requirements, the LDAR requirements in 40 CFR part 60, subpart VVa were also reviewed. This LDAR
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program is considered to be more stringent than the subpart VV requirements, because it has lower
component leak threshold definitions and more frequent monitoring, in comparison to the subpart VV
program. Furthermore, subpart VVa requires monitoring of connectors, while subpart VV does not.

Options based on optical gas imaging were also reviewed.

The currently required LDAR program for natural gas processing plants (40 CFR part 60, subpart KKK)
is based on EPA Method 21, which requires the use of an organic vapor analyzer to monitor components
and to measure the concentration of the emissions in identifying leaks. Although there have been
advancements in the use of optical gas imaging to detect leaks from these same types of components,
these instruments do not yet provide a direct measure of leak concentrations. The instruments instead
provide a measure of a leak relative to an instrument specific calibration point. Since the promulgation
of 40 CFR part 60, subpart KKK (which requires Method 21 leak measurement monthly), the EPA has
updated the 40 CFR part 60 General Provisions to allow the use of advanced leak detection tools, such
as optical gas imaging and ultrasound equipment as an alternative to the LDAR protocol based on
Method 21 leak measurements (see 40 CFR 60.18(g)). The alternative work practice allowing use of
these advanced technologies includes a provision for conducting a Method 21-based LDAR check of the

regulated equipment annually to verify good performance.

In considering BSER for VOC equipment leaks at natural gas processing plants, four options were
evaluated. One option evaluated consists of changing from a 40 CFR part 60, subpart VV-level program,
which is what 40 CFR part 60, subpart KKK currently requires, to a 40 CFR part 60, subpart VVa
program, which applies to new synthetic organic chemical plants after 2006. Subpart VVa lowers the
leak definition for valves from 10,000 parts per million (ppm) to 500 ppm, and requires the monitoring
of connectors. In our analysis of these impacts, it was estimated that, for a typical natural gas processing
plant, the incremental cost effectiveness of changing from the current subpart VV-level program to a

subpart VVa-level program using Method 21 is $3,352 per ton of VOC reduction.

In evaluating 40 CFR part 60, subpart VVa-level LDAR at processing plants, the individual types of
components (valves, connectors, pressure relief devices and open-ended lines) were also analyzed
separately to determine cost effectiveness for individual components. Detailed discussions of these
component-by-component analyses are provided in Chapter 8. Cost effectiveness ranged from $144 per
ton of VOC (for valves) to $4,360 per ton of VOC (for connectors), with no change in requirements for

pressure relief devices and open-ended lines.

3-2



Another option evaluated for gas processing plants was the use of optical gas imaging combined with an
annual EPA Method 21 check (i.e., the alternative work practice for monitoring equipment for leaks at
40 CFR 60.18(g)). It was previously determined that the VOC reduction achieved by this combination of
optical gas imaging and Method 21 would be equivalent to reductions achieved by the 40 CFR part 60,
subpart VVa-level program. Based on the emission reduction level, the cost effectiveness of this option
was estimated to be $6,462 per ton of VOC reduction. This analysis was based on the facility purchasing
an optical gas imaging system costing $85,000. However, at least one manufacturer was identified that
rents the optical gas imaging systems. That manufacturer rents the optical gas imaging system for

$3,950 per week. Using this rental cost in place of the purchase cost, the VOC cost effectiveness of the
monthly optical gas imaging combined with annual Method 21 inspection visits is $4,638 per ton of

VOC reduction.’

A third option evaluated consisted of monthly optical gas imaging without an annual Method 21 check.
The annual cost of the monthly optical gas imaging LDAR program was estimated to be $76,581 based
on camera purchase, or $51,999 based on camera rental. However, it is not possible to quantify the VOC
emission reductions achieved by an optical imaging program alone, therefore the cost effectiveness of
this option could not be determined. Finally, a fourth option was evaluated that was similar to the third
option, except that the optical gas imaging would be performed annually rather than monthly. For this
option, the annual cost was estimated to be $43,851, based on camera purchase, or $18,479, based on

camera rental.

Because the cost effectiveness of options 3 and 4 could not be estimated, these options could not be
identified as BSER for reducing VOC leaks at gas processing plants. Because options 1 and 2 achieve
equivalent VOC reduction and are both cost effective, both options 1 and 2 reflect BSER for LDAR for
natural gas processing plants. As mentioned above, option 1 is the LDAR in 40 CFR part 60, subpart
VVa and option 2 is the alternative work practice at 40 CFR 60.18(g) and is already available to use as
an alternative to subpart VVa LDAR.

3.1.2 BSER for SO, Emissions from Sweetening Units at Natural Gas Processing Plants

For 40 CFR part 60, subpart LLL, control systems for SO, emissions from sweetening units located at

natural gas processing plants were evaluated, including those followed by a sulfur recovery unit. Subpart

"Because optical gas imaging is used to view multiple pieces of equipment at a facility during one leak survey, options
involving imaging are not amenable to a component by component analysis.
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LLL provides specific standards for SO, emission reduction efficiency, on the basis of sulfur feed rate

and the sulfur content of the natural gas.

According to available literature, the most widely used process for converting H,S in acid gases (i.e.,
H,S and CO,) separated from natural gas by a sweetening process (such as amine treating) into
elemental sulfur is the Claus process. Sulfur recovery efficiencies are higher with higher concentrations
of H,S in the feed stream due to the thermodynamic equilibrium limitation of the Claus process. The
Claus sulfur recovery unit produces elemental sulfur from H,S in a series of catalytic stages, recovering
up to 97-percent recovery of the sulfur from the acid gas from the sweetening process. Further, sulfur
recovery is accomplished by making process modifications or by employing a tail gas treatment process

to convert the unconverted sulfur compounds from the Claus unit.

In addition, process modifications and tail gas treatment options were also evaluated at the time 40 CFR
part 60, subpart LLL was proposed.” As explained in the preamble to the proposed subpart LLL, control
through sulfur recovery with tail gas treatment may not always be cost effective, depending on sulfur
feed rate and inlet H,S concentrations. Therefore, other methods of increasing sulfur recovery via

process modifications were evaluated.

As shown in the original evaluation for the proposed subpart LLL, the performance capabilities and
costs of each of these technologies are highly dependent on the ratio of H,S and CO, in the gas stream
and the total quantity of sulfur in the gas stream being treated. The most effective means of control was
selected as BSER for the different stream characteristics. As a result, separate emissions limitations were
developed in the form of equations that calculate the required initial and continuous emission reduction
efficiency for each plant. The equations were based on the design performance capabilities of the
technologies selected as BSER relative to the gas stream characteristics.™ The emission limit for sulfur
feed rates at or below 5 long tons per day, regardless of H,S content, was 79 percent. For facilities with
sulfur feed rates above 5 long tons per day, the emission limits ranged from 79 percent at an H,S content

below 10 percent to 99.8 percent for H,S contents at or above 50 percent.

To review these emission limitations, a search was performed of the RBLC database' and state
regulations. No State regulations were identified that included emission limitations more stringent than

40 CFR part 60, subpart LLL. However, two entries in the RBLC database were identified having SO,

" 49 FR 2656, 2659-2660 (1984).
149 FR 2656, 2663-2664 (1984).



emission reductions of 99.9 percent. One entry is for a facility in Bakersfield, California, with a 90 long
ton per day sulfur recovery unit followed by an amine-based tailgas treating unit. The second entry is for
a facility in Coden, Alabama, with a sulfur recovery unit with a feed rate of 280 long tons of sulfur per
day, followed by selective catalytic reduction and a tail gas incinerator. However, neither of these entries
contained information regarding the H,S contents of the feed stream. Because the sulfur recovery
efficiency of these large sized plants was greater than 99.8 percent, the original data was reevaluated.
Based on the available cost information, a 99.9 percent efficiency is cost effective for facilities with a
sulfur feed rate greater than 5 long tons per day and H,S content equal to or greater than 50 percent.
Based on this review, the maximum initial and continuous efficiency for facilities with a sulfur feed rate
greater than 5 long tons per day and a H,S content equal to or greater than 50 percent is raised to 99.9

percent.

The search of the RBLC database did not uncover information regarding costs and achievable emission
reductions to suggest that the emission limitations for facilities with a sulfur feed rate less than 5 long
tons per day or H,S content less than 50 percent should be modified. Therefore, there were not any
identifiable changes to the emissions limitations for facilities with sulfur feed rate and H,S content less

than 5 long tons per day and 50 percent, respectively.'
3.2 Additional Pollutants

The two current NSPS for the Oil and Natural Gas source category address emissions of VOC and SO,.
In addition to these pollutants, sources in this source category also emit a variety of other pollutants,
most notably, air toxics. However, there are NESHAP that address air toxics from the oil and natural gas

sector, specifically 40 CFR subpart HH and 40 CFR subpart HHH.

In addition, processes in the Oil and Natural Gas source category emit significant amounts of methane.
The 1990 - 2009 U.S. GHG Inventory estimates 2009 methane emissions from Petroleum and Natural
Gas Systems (not including petroleum refineries) to be 251.55 MMtCO2e (million metric tons of CO2-
equivalents (CO2e¢))." The emissions estimated from well completions and recompletions exclude a
significant number of wells completed in tight sand plays, such as the Marcellus, due to availability of
data when the 2009 Inventory was developed. The estimate in this proposal includes an adjustment for

tight sand plays (being considered as a planned improvement in development of the 2010 Inventory).

V' U.S. EPA. Inventory of U.S. Greenhouse Gas Inventory and Sinks. 1990 - 2009.

http://www.epa.gov/climatechange/emissions/downloads10/US-GHGInventory2010_ExecutiveSummary.pdf
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This adjustment would increase the 2009 Inventory estimate by 76.74 MMtCO2e. The total methane
emissions from Petroleum and Natural Gas Systems, based on the 2009 Inventory, adjusted for tight

sand plays and the Marcellus, is 328.29 MMtCO2e.

Although this proposed rule does not include standards for regulating the GHG emissions discussed
above, EPA continues to assess these significant emissions and evaluate appropriate actions for
addressing these concerns. Because many of the proposed requirements for control of VOC emissions
also control methane emissions as a co-benefit, the proposed VOC standards would also achieve

significant reduction of methane emissions.

Significant emissions of oxides of nitrogen (NOy) also occur at oil and natural gas sites due to the
combustion of natural gas in reciprocating engines and combustion turbines used to drive the
compressors that move natural gas through the system, and from combustion of natural gas in heaters
and boilers. While these engines, turbines, heaters and boilers are co-located with processes in the oil
and natural gas sector, they are not in the Oil and Natural Gas source category and are not being
addressed in this action. The NOy emissions from engines and turbines are covered by the Standards of
Performance for Stationary Spark Internal Combustion Engines (40 CFR part 60, subpart JJJJ) and
Standards of Performance for Stationary Combustion Turbines (40 CFR part 60, subpart KKKK),

respectively.

An additional source of NOy emissions would be pit flaring of VOC emissions from well completions.
As discussed in Chapter 4 Well completions, pit flaring is one option identified for controlling VOC
emissions. Because there is no way of directly measuring the NOy produced, nor is there any way of

applying controls other than minimizing flaring, flaring would only be required for limited conditions.
3.3  Additional Processes

The current NSPS only cover emissions of VOC and SO, from one type of facility in the oil and natural
gas sector, which is the natural gas processing plant. This is the only type of facility in the Oil and
Natural Gas source category where SO, is expected to be emitted directly; although H,S contained in
sour gas' forms SO, as a product of oxidation when oxidized in the atmosphere or combusted in boilers
and heaters in the field. These field boilers and heaters are not part of the Oil and Natural Gas source

category and are generally too small to be regulated by the NSPS covering boilers (i.e., they have a heat

¥ Sour gas is defined as natural gas with a maximum H,S content of 0.25 gr/100 scf (4ppmv) along with the presence of CO,.
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input of less than 10 million British Thermal Units per hour). They may, however, be included in future

rulemakings.

In addition to VOC emissions from gas processing plants, there are numerous sources of VOC
throughout the oil and natural gas sector that are not addressed by the current NSPS. Pursuant to CAA
section 111(b), a modification of the listed category will now include all segments of the oil and natural
gas industry for regulation. In addition, VOC standards will now cover additional processes at oil and
natural gas operations. These include NSPS for VOC from gas well completions and recompletions,
pneumatic controllers, compressors and storage vessels. In addition, produced water ponds may also be
a potentially significant source of emissions, but there is very limited information available regarding
these emissions. Therefore, no options could be evaluated at this time. The remainder of this document

presents the evaluation for each of the new processes to be included in the NSPS.

34 References
1 Memorandum to Bruce Moore from Brad Nelson and Phil Norwood. Crude Oil and Natural Gas
Production NSPS Technology Reviews. EC/R Incorporated. July 28, 2011.
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4.0 WELL COMPLETIONS AND RECOMPLETIONS

In the oil and natural gas sector, well completions and recompletions contain multi-phase processes with
various sources of emissions. One specific emission source during completion and recompletion
activities is the venting of natural gas to the atmosphere during flowback. Flowback emissions are short-
term in nature and occur as a specific event during completion of a new well or during recompletion
activities that involve re-drilling or re-fracturing an existing well. This chapter describes completions
and recompletions, and provides estimates for representative wells in addition to nationwide emissions.
Control techniques employed to reduce emissions from flowback gas venting during completions and
recompletions are presented, along with costs, emission reductions, and secondary impacts. Finally, this
chapter discusses considerations in developing regulatory alternatives for reducing flowback emissions

during completions and recompletions.
4.1 Process Description

4.1.1 Oil and Gas Well Completions

All oil and natural gas wells must be “completed” after initial drilling in preparation for production. Oil
and natural gas completion activities not only will vary across formations, but can vary between wells in
the same formation. Over time, completion and recompletion activities may change due to the evolution
of well characteristics and technology advancement. Conventional gas reservoirs have well defined
formations with high resource allocation in permeable and porous formations, and wells in conventional
gas reservoirs have generally not required stimulation during production. Unconventional gas reservoirs
are more dispersed and found in lower concentrations and may require stimulation (such as hydraulic

fracturing) to extract gas.1

Well completion activities include multiple steps after the well bore hole has reached the target depth.
These steps include inserting and cementing-in well casing, perforating the casing at one or more
producing horizons, and often hydraulically fracturing one or more zones in the reservoir to stimulate
production. Surface components, including wellheads, pumps, dehydrators, separators, tanks, and
gathering lines are installed as necessary for production to begin. The flowback stage of a well

completion is highly variable but typically lasts between 3 and 10 days for the average well.”



Developmental wells are drilled within known boundaries of a proven oil or gas field, and are located
near existing well sites where well parameters are already recorded and necessary surface equipment is
in place. When drilling occurs in areas of new or unknown potential, well parameters such as gas
composition, flow rate, and temperature from the formation need to be ascertained before surface
facilities required for production can be adequately sized and brought on site. In this instance,
exploratory (also referred to as “wildcat”) wells and field boundary delineation wells typically either

vent or combust the flowback gas.

One completion step for improving gas production is to fracture the reservoir rock with very high
pressure fluid, typically a water emulsion with a proppant (generally sand) that “props open” the
fractures after fluid pressure is reduced. Natural gas emissions are a result of the backflow of the fracture
fluids and reservoir gas at high pressure and velocity necessary to clean and lift excess proppant to the
surface. Natural gas from the completion backflow escapes to the atmosphere during the reclamation of
water, sand, and hydrocarbon liquids during the collection of the multi-phase mixture directed to a
surface impoundment. As the fracture fluids are depleted, the backflow eventually contains a higher
volume of natural gas from the formation. Due to the additional equipment and resources involved and
the nature of the backflow of the fracture fluids, completions involving hydraulic fracturing have higher

costs and vent substantially more natural gas than completions not involving hydraulic fracturing.

Hydraulic fracturing can and does occur in some conventional reservoirs, but it is much more common
in “tight” formations. Therefore, this analysis assumes hydraulic fracturing is performed in tight sand,
shale, and coalbed methane formations. This analysis defines tight sand as sandstones or carbonates with

an in situ permeability (flow rate capability) to gas of less than 0.1 millidarcy.’

“Energized fractures” are a relatively new type of completion method that injects an inert gas, such as
carbon dioxide or nitrogen, before the fracture fluid and proppant. Thus, during initial flowback, the gas

stream will first contain a high proportion of the injected gas, which will gradually decrease overtime.

4.1.2 Oil and Gas Well Recompletions

Many times wells will need supplementary maintenance, referred to as recompletions (these are also
referred to as workovers). Recompletions are remedial operations required to maintain production or

minimize the decline in production. Examples of the variety of recompletion activities include

" A darcy (or darcy unit) and millidarcies (mD) are units of permeability Converted to SI units, 1 darcy is equivalent to
9.869233x10"° m? or 0.9869233 (um)2. This conversion is usually approximated as 1 (um)>2.
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completion of a new producing zone, re-fracture of a previously fractured zone, removal of paraffin
buildup, replacing rod breaks or tubing tears in the wellbore, and addressing a malfunctioning downhole
pump. During a recompletion, portable equipment is conveyed back to the well site temporarily and
some recompletions require the use of a service rig. As with well completions, recompletions are highly
specialized activities, requiring special equipment, and are usually performed by well service contractors
specializing in well maintenance. Any flowback event during a recompletion, such as after a hydraulic

fracture, will result in emissions to the atmosphere unless the flowback gas is captured.

When hydraulic re-fracturing is performed, the emissions are essentially the same as new well
completions involving hydraulic fracture, except that surface gas collection equipment will already be
present at the wellhead after the initial fracture. The backflow velocity during re-fracturing will typically
be too high for the normal wellhead equipment (separator, dehydrator, lease meter), while the

production separator is not typically designed for separating sand.

Backflow emissions are not a direct result of produced water. Backflow emissions are a result of free gas
being produced by the well during well cleanup event, when the well also happens to be producing
liquids (mostly water) and sand. The high rate backflow, with intermittent slugs of water and sand along
with free gas, is typically directed to an impoundment or vessels until the well is fully cleaned up, where
the free gas vents to the atmosphere while the water and sand remain in the impoundment or vessels.
Therefore, nearly all of the backflow emissions originate from the recompletion process but are vented
as the backflow enters the impoundment or vessels. Minimal amounts of emissions are caused by the
fluid (mostly water) held in the impoundment or vessels since very little gas is dissolved in the fluid

when it enters the impoundment or vessels.
4.2. Emission Data and Emissions Factors

4.2.1 Summary of Major Studies and Emission Factors

Given the potential for significant emissions from completions and recompletions, there have been
numerous recent studies conducted to estimate these emissions. In the evaluation of the emissions and
emission reduction options for completions and recompletions, many of these studies were consulted.
Table 4-1 presents a list of the studies consulted along with an indication of the type of information

contained in the study.
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4.2.2 Representative Completion and Recompletion Emissions

As previously mentioned, one specific emission source during completion and recompletion activities is
the venting of natural gas to the atmosphere during flowback. Flowback emissions are short-term in
nature and occur as a specific event during the completion of a new well or during recompletion
activities that involve re-drilling or re-fracturing of an existing well. For this analysis, well completion
and recompletion emissions are estimated as the venting of emissions from the well during the initial

phases of well preparation or during recompletion maintenance and/or re-fracturing of an existing well.

As previously stated, this analysis assumes wells completed/recompleted with hydraulic fracturing are
found in tight sand, shale, or coal bed methane formations. A majority of the available emissions data
for recompletions is for vertically drilled wells. It is projected that in the future, a majority of
completions and recompletions will predominantly be performed on horizontal wells. However, there is
not enough history of horizontally drilled wells to make a reasonable estimation of the difference in
emissions from recompletions of horizontal versus vertical wells. Therefore, for this analysis, no

distinction was made between vertical and horizontal wells.

As shown in Table 4-1, methane emissions from oil and natural gas operations have been measured,
analyzed and reported in studies spanning the past few decades. The basic approach for this analysis was
to approximate methane emissions from representative oil and gas completions and recompletions and
then estimate volatile organic compounds (VOC) and hazardous air pollutants (HAP) using a
representative gas composition.”® The specific gas composition ratios used for gas wells were 0.1459
pounds (Ib) VOC per Ib methane (Ib VOC/Ib methane) and 0.0106 Ib HAP/Ib methane. The specific gas
composition ratios used for oil wells were 0.8374 pounds 1b VOC/Ib methane and 0.0001 1b HAP/Ib

methane.

The EPA’s analysis to estimate methane emissions conducted in support of the Greenhouse Gas
Mandatory Reporting Rule (Subpart W), which was published in the Federal Register on November 30,
2010 (75 FR 74458), was the foundation for methane emission estimates from natural gas completions
with hydraulic fracturing and recompletions with hydraulic fracturing. Methane emissions from oil well
completions, oil well recompletions, natural gas completions without hydraulic fracturing, and natural
gas recompletions without hydraulic fracturing were derived directly from the EPA’s Inventory of
Greenhouse Gas Emissions and Sinks: 1990-2008 (Inventory).* A summary of emissions for a

representative model well completion or recompletion is found in Table 4-2.
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Table 4-2. Uncontrolled Emissions Estimates from Oil and Natural Gas Well
Completions and Recompletions

Emissions Emissions
Well Completion Category (Mcf/event) (tons/event)
Methane Methane* | VOC’ HAP*
Natural Gas Wel} Complet}on without 386 0.8038 0.12 0.009
Hydraulic Fracturing
Natural Gas W@ll Compl@tlon with 7.623 158.55 2313 1,68
Hydraulic Fracturing
Oil Well Completions 0.34 0.0076 0.00071 | 0.0000006
Natural Gas Well Recomplgtlon without 759 0.0538 0.0079 0.0006
Hydraulic Fracturing
Natural Gas Wel.l Recompletlon with 7.623 158.55 2313 1.68
Hydraulic Fracturing
Oil Well Recompletions 0.057 0.00126 0.001 0.0000001

Minor discrepancies may exist due to rounding.

a. Reference 4, Appendix B., pgs 84-89. The conversion used to convert methane from volume to
weight is 0.0208 tons methane is equal to 1 Mcf of methane. It is assumed methane comprises
83.081 percent by volume of natural gas from gas wells and 46.732 percent by volume of

methane from oil wells.

b. Assumes 0.1459 Ib VOC /lIb methane for natural gas wells and 0.8374 Ib VOC/Ib methane for oil

wells.

c. Assumes 0.0106 1b HAP/Ib methane for natural gas wells and 0.0001 1b HAP/Ib methane for oil

wells.
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4.3 Nationwide Emissions from New Sources

4.3.1 Overview of Approach

The first step in this analysis is to estimate nationwide emissions in absence of the proposed rulemaking,
referred to as the baseline emissions estimate. In order to develop the baseline emissions estimate, the
number of completions and recompletions performed in a typical year was estimated and then multiplied
by the expected uncontrolled emissions per well completion listed in Table 4-2. In addition, to ensure no
emission reduction credit was attributed to sources already controlled under State regulations, it was
necessary to account for the number of completions/recompletions already subject to State regulations as
detailed below. In order to estimate the number of wells that are already controlled under State
regulations, existing well data was analyzed to estimate the percentage of currently controlled wells.
This percentage was assumed to also represent the wells that would have been controlled in absence of a

federal regulation and applied to the number of well completions estimated for future years.

4.3.2 Number of Completions and Recompletions

The number of new well completions was estimated using the National Energy Modeling System
(NEMS). NEMS is a model of U.S. energy economy developed and maintained by the Energy
Information Administration (EIA). NEMS is used to produce the Annual Energy Outlook, a reference
publication that provides detailed forecasts of the energy economy from the current year to 2035. EIA is
legally required to make the NEMS source code available and fully documented for the public. The
source code and accompanying documentation is released annually when a new Annual Energy Outlook
is produced. Because of the availability of NEMS, numerous agencies, national laboratories, research
institutes, and academic and private-sector researchers have used NEMS to analyze a variety of issues.
NEMS models the dynamics of energy markets and their interactions with the broader U.S. economy.
The system projects the production of energy resources such as oil, natural gas, coal, and renewable
fuels, the conversion of resources through processes such as refining and electricity generation, and the

quantity and prices for final consumption across sectors and regions.

New well completion estimates are based on predictions from the NEMS Oil and Gas Supply Model,
drawing upon the same assumptions and model used in the Annual Energy Outlook 2011 Reference
Case. New well completions estimates were based on total successful wells drilled in 2015 (the year of
analysis for regulatory impacts) for the following well categories: natural gas completions without

hydraulic fracturing, natural gas completions with hydraulic fracturing, and oil well completions.
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Successful wells are assumed to be equivalent to completed wells. Meanwhile, it was assumed that new
dry wells would be abandoned and shut in and would not be completed. Therefore estimates of the
number of dry wells were not included in the activity projections or impacts discussion for exploratory
and developmental wells. Completion estimates are based on successful developmental and exploratory
wells for each category defined in NEMS that includes oil completions, conventional gas completions
and unconventional gas completions. The NEMS database defines unconventional reservoirs as those in
shale, tight sand, and coalbed methane formations and distinguishes those from wells drilled in
conventional reservoirs. Since hydraulic fracturing is most common in unconventional formations, this
analysis assumes new successful natural gas wells in shale, tight sand, and coalbed methane formations
are completed with hydraulic fracturing. New successful natural gas wells in conventional formations

are assumed to be completed without hydraulic fracturing.

The number of natural gas recompletions with hydraulic fracturing (also referred to as a re-fracture),
natural gas recompletions without hydraulic fracturing and oil well recompletions was based on well
information maintained by a private organization that provides parameters describing the location,
operator, and production characteristics. HPDI® collects information on a well basis such as the operator,
state, basin, field, annual gas production, annual oil production, well depth, and shut-in pressure, all of
which is aggregated from operator reports to state governments. HPDI was used to estimate the number
of recompleted wells because the historical well data from HPDI is a comprehensive resource describing
existing wells. Well data from 2008 was used as a base year since it was the most recent available data
at the time of this analysis and is assumed to represent the number of recompletions that would occur in
a representative year. The number of hydraulically fractured natural gas recompletions was estimated by
estimating each operator and field combination found in the HPDI database and multiplying by 0.1 to
represent 10 percent of the wells being re-fractured annually (as assumed in Subpart W’s Technical
Supporting Document3). This results in 14,177 total natural gas recompletions with hydraulic fracturing

in the U.S. for the year 2008; which is assumed to depict a representative year. Non-fractured

THPDI, LLC is a private organization specializing in oil and gas data and statistical analysis. The HPDI database is focused
on historical oil and gas production data and drilling permit data.

" For the State of Pennsylvania, the most recent drilling information available from HPDI was for 2003. Due to the growth of
oil and gas operations occurring in the Marcellus region in Pennsylvania, this information would not accurately represent the
size of the industry in Pennsylvania for 2006 through 2008. Therefore, information from the Pennsylvania’s Department of
Environmental Protection was used to estimate well completion activities for this region. Well data from remaining states
were based on available information from HPDI. From
<http://www.marcellusreporting.state.pa.us/§OGREReports/Modules/DataExports/DataExports.aspx
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recompletions were based on well data for 2008 in HPDI. The number of estimated well completions

and recompletions for each well source category is listed in Table 4-3.

4.3.3 Level of Controlled Sources in Absence of Federal Regulation

As stated previously, to determine the impact of a regulation, it is first necessary to determine the
current level of emissions from the sources being evaluated, or baseline emissions. To more accurately
estimate baseline emissions for this analysis, and to ensure no emission reduction credit was attributed
for sources already being controlled, it was necessary to evaluate the number of completions and
recompletions already subject to regulation. Therefore, the number of completions and recompletions
already being controlled in the absence of federal regulation was estimated based on the existing State
regulations that require control measures for completions and recompletions. Although there may be
regulations issued by other local ordinances for cities and counties throughout the U.S., wells impacted
by these regulations were not included in this analysis because well count data are not available on a
county or local ordinance level. Therefore, the percentage calculated based on the identified State

regulations should be considered a conservative estimate.

In order to determine the number of completions and recompletions that are already controlled under
State regulations, EIA historical well count data was analyzed to determine the percentage of new wells
currently undergoing completion and recompletion in the States identified as having existing controls."”
Colorado (CO) and Wyoming (WY) were the only States identified as requiring controls on completions
prior to NSPS review. The State of Wyoming’s Air Quality Division (WAQD) requires operators to
complete wells without flaring or venting where the following criteria are met: (1) the flowback gas
meets sales line specifications and (2) the pressure of the reservoir is high enough to enable REC. If the
above criteria are not met, then the produced gas is to be flared. ”” The WAQD requires that, “emissions
of VOC and HAP associated with the flaring and venting of hydrocarbon fluids (liquids and gas)
associated with well completion and recompletion activities shall be eliminated to the extent practicable
by routing the recovered liquids into storage tanks and routing the recovered gas into a gas sales line or
collection system.” Similar to WY, the Colorado Oil and Gas Conservation Commission (COOGCC)
requires REC for both oil and natural gas wells.”® It was assumed for this analysis that the ratio of
natural wells in CO and WY to the total number of wells in the U.S. represents the percentage of

controlled wells for well completions. The ratio of wells in WY to the number of total nationwide wells

¥ See EIA’s The Number of Producing Wells, http://www.eia.gov/dnav/ng/ng_prod_wells sl _a.htm
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Table 4-3: Estimated Number of Total Oil and

Natural Gas Completions and Recompletions for a Typical Year

. Estimated Estimated
Estlmsft?ltiolt\illllmber Number of Number of
Well Completion Category . Controlled Uncontrolled
Completions and . .
Recompletions® Completions and | Completions anl:i
Recompletions Recompletions
Natural Gas Weu Complet‘lon*s without 7,694 7,694
Hydraulic Fracturing
Exploratory Natural Gas Well Cor*ripletions 446 446
with Hydraulic Fracturing
Developmental Natural Gas Well
Completions with Hydraulic Fracturing” 10,957 1,644 9,313
0il Well Completions® 12,193 12,193
Natural Gas Well Recomplejuons without 4342 40342
Hydraulic Fracturing
Natural Gas We}l Recomplet;gns with 14,177 2.127 12,050
Hydraulic Fracturing
Oil Well RecompletionsI 39,375 39,375

a. Natural gas completions and recompletions without hydraulic fracturing are assumed to be

uncontrolled at baseline.

b. Fifteen percent of natural gas well completions with hydraulic fracturing are assumed as

controlled at baseline.

c. Oil well completions and recompletions are assumed to be uncontrolled at baseline.
d. Fifteen percent of natural gas well recompletions with hydraulic fracturing are assumed to be

controlled at baseline.
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was assumed to represent the percentage of controlled well recompletions as it was the only State

identified as having regulations directly regulated to recompletions.

From this review it was estimated that 15 percent of completions and 15 percent of recompletions are
controlled in absence of federal regulation. It is also assumed for this analysis that only natural gas wells
undergoing completion or recompletion with hydraulic fracturing are controlled in these States.
Completions and recompletions that are performed without hydraulic fracturing, in addition to oil well
completions and recompletions were assumed to not be subject to State regulations and therefore, were
assumed to not be regulated at baseline. Baseline emissions for the controlled completions and
recompletions covered by regulations are assumed to be reduced by 95 percent from the use of both
REC and combustion devices that may be used separately or in tandem, depending on the individual
State regulation.” The final activity factors for uncontrolled completions and uncontrolled recompletions

are also listed in Table 4-3.

4.3.4 Emission Estimates

Using the estimated emissions, number of uncontrolled and controlled wells at baseline, described
above, nationwide emission estimates for oil and gas well completions and recompletions in a typical
year were calculated and are summarized in Table 4-4. All values have been independently rounded to
the nearest ton for estimation purposes. As the table indicates, hydraulic fracturing significantly
increases the magnitude of emissions. Completions and recompletions without hydraulic fracturing have

lower emissions, while oil completions and recompletions have even lower emissions in comparison.
4.4 Control Techniques

4.4.1 Potential Control Technigques

Two techniques were considered that have been proven to reduce emissions from well completions and
recompletions: REC and completion combustion. One of these techniques, REC, is an approach that not
only reduces emissions but delivers natural gas product to the sales meter that would typically be vented.
The second technique, completion combustion, destroys the organic compounds. Both of these
techniques are discussed in the following sections, along with estimates of the impacts of their

application for a representative well. Nationwide impacts of chosen regulatory options are discussed in

¥ Percentage of controls by flares versus REC were not determined, so therefore, the count of controlled wells with REC
versus controlled wells with flares was not determined and no secondary baseline emission impacts were calculated.
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Table 4-4. Nationwide Baseline Emissions from Uncontrolled Oil and Gas Well
Completions and Recompletions

Uncontrolled Baseline Nationwide Emissions
Well Completion l\flet-hane Number of (tons/year)”
Category Emissions per Uncontroalled ) . .
event Wells Methane YOC HAP
(tpy)
Natural Gas Well
Completions without 0.8038 7,694 6,185 902 66

Hydraulic Fracturing

Exploratory Natural Gas
Well Completions with 158.55 446

70,714 10,317 750
Hydraulic Fracturing ’ ’

Developmental Natural

Gas Well Completions 158.55 9313 1,476,664 | 215,445 | 15,653
with Hydraulic
Fracturing
Oil Well Completions 0.0076 12,193 93 87 .008
Natural Gas Well
Recompletions without 0.0538 42,342 2,279 332 24
Hydraulic Fracturing
Natural Gas Well
Recompletions with 158.55 12,050 1,910,549 | 278,749 | 20,252
Hydraulic Fracturing
Oil Well Recompletions 0.00126 39,375 50 47 .004

Minor discrepancies may be due to rounding.

a. Baseline emissions include emissions from uncontrolled wells plus five percent of emissions
from controlled sources. The Baseline emission reductions listed in the Regulatory Impacts
(Table 4-9) represents only emission reductions from uncontrolled sources.

b. The number of controlled and uncontrolled wells estimated based on State regulations.

c. Based on the assumption that VOC content is 0.1459 pounds VOC per pound methane for
natural gas wells and 0.8374 pounds VOC per pound methane for oil wells This estimate
accounts for 5 percent of emissions assumed as vented even when controlled. Does not
account for secondary emissions from portion of gas that is directed to a combustion device.

d. Based on the assumption that HAP content is 0.0106 pounds HAP per pound methane for
natural gas wells and 0.0001 pounds HAP per pound methane for oil wells. This estimate
accounts for 5 percent of emissions assumed as vented even when controlled. Does not
account for secondary emissions from portion of gas that is directed to a combustion device.
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section 4.5.

4.4.2 Reduced Emission Completions and Recompletions

4.4.2.1 Description

Reduced emission completions, also referred to as “green” or “flareless” completions, use specially
designed equipment at the well site to capture and treat gas so it can be directed to the sales line. This
process prevents some natural gas from venting and results in additional economic benefit from the sale
of captured gas and, if present, gas condensate. Additional equipment required to conduct a REC may
include additional tankage, special gas-liquid-sand separator traps, and a gas dehydrator.*’ In many
cases, portable equipment used for RECs operate in tandem with the permanent equipment that will
remain after well drilling is completed. In other instances, permanent equipment is designed (e.g.
oversized) to specifically accommodate initial flowback. Some limitations exist for performing RECs
since technical barriers fluctuate from well to well. Three main limitations include the following for

REC:s:

e Proximity of pipelines. For exploratory wells, no nearby sales line may exist. The lack of a

nearby sales line incurs higher