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1 EXECUTIVE SUMMARY
1.1 Background

The U.S. Environmental Protection Agency (EPA) esxed the New Source
Performance Standards (NSPS) for volatile orgampound and sulfur dioxide emissions from
Natural Gas Processing Plants. As a result obth&PS, this proposal amends the Crude Oill
and Natural Gas Production source category cugréisted under section 111 of the Clean Air
Act to include Natural Gas Transmission and Disiiiitm, amends the existing NSPS for volatile
organic compounds (VOCSs) from Natural Gas ProcgsBlants, and proposes NSPS for
stationary sources in the source categories teat@rcovered by the existing NSPS. In
addition, this proposal addresses the residuaksktechnology review conducted for two
source categories in the Oil and Natural Gas seetpriated by separate National Emission
Standards for Hazardous Air Pollutants (NESHAR)ldo proposes standards for emission
sources not currently addressed, as well as amearidieeimprove aspects of these NESHAP
related to applicability and implementation. Fipait addresses provisions in these NESHAP

related to emissions during periods of startuptddwn, and malfunction.

As part of the regulatory process, EPA is requicedevelop a regulatory impact analysis
(RIA) for rules that have costs or benefits thatessd $100 million. EPA estimates the proposed
NSPS will have costs that exceed $100 million l&oAgency has prepared an RIA. Because
the NESHAP amendments are being proposed in the salemaking package (i.e., same
Preamble), we have chosen to present the econarpaxt analysis for the proposed NESHAP
amendments within the same document as the NSPS RIA

This RIA includes an economic impact analysis amarmalysis of human health and
climate impacts anticipated from the proposed NSRENESHAP amendments. We also
estimate potential impacts of the proposed NSP®®mnational energy economy using the U.S.
Energy Information Administration’s National Eneriglodeling System (NEMS). The
engineering compliance costs are annualized usihgeacent discount rate. This analysis

assumes an analysis year of 2015.

Several proposed emission controls for the NSP&isapyOC emissions that otherwise
would be vented to the atmosphere. Since metlsar@ émitted with VOCs, a large proportion
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of the averted methane emissions can be directechatural gas production streams and sold.
One emissions control option, reduced emissionsaeetpletions, also recovers saleable
hydrocarbon condensates which would otherwise $tetdothe environment. The revenues
derived from additional natural gas and condensstevery are expected to offset the
engineering costs of implementing the NSPS in tp@sed option. In the economic impact
and energy economy analyses for the NSPS, we pnesseiits for three regulatory options that
include the additional product recovery and theenexes we expect producers to gain from the
additional product recovery.

1.2 NSPS Results

For the proposed NSPS, the key results of the RlIldw and are summarized in Table 1-1:

= Benefits Analysis:The proposed NSPS is anticipated to prevent sogmf new emissions,
including 37,000 tons of hazardous air pollutaktalPs), 540,000 tons of VOCs, and 3.4
million tons of methane. While we expect that thasoided emissions will result in
improvements in ambient air quality and reductionisealth effects associated with
exposure to HAPs, ozone, and particulate matter) (R have determined that
guantification of those benefits cannot be accoshgld for this rule. This is not to imply
that there are no benefits of the rules; rathés, atreflection of the difficulties in modeling
the direct and indirect impacts of the reductionemissions for this industrial sector with
the data currently available. In addition to heatprovements, there will be improvements
in visibility effects, ecosystem effects, as walladitional natural gas recovery. The
methane emissions reductions associated with thoped NSPS are likely to result in
significant climate co-benefits. The specific cohtechnologies for the proposed NSPS are
anticipated to have minor secondary disbenefitduding an increase of 990,000 tons of
carbon dioxide (Cg), 510 tons of nitrogen oxides NOXx, 7.6 tons of P800 tons of CO,
and 1,000 tons of total hydrocarbons (THC) as a&kmission reductions associated with
the energy system impacts. The net@Quivalent emission reductions are 62 million
metric tons.

= Engineering Cost Analysis:EPA estimates the total capital cost of the progd¢8PS will
be $740 million. The total annualized engineedogts of the proposed NSPS will be $740
million. When estimated revenues from additioretunal gas and condensate recovery are
included, the annualized engineering costs of tbpgsed NSPS are estimated at $-45
million, assuming a wellhead natural gas price4iftf®usand cubic feet (Mcf) and
condensate price of $70/barrel. Possible explanstior why there appear to be negative
cost control technologies are discussed in theneeging costs analysis section in the RIA.
The estimated engineering compliance costs thatdedhe product recovery are sensitive to
the assumption about the price of the recoveredymto There is also geographic variability
in wellhead prices, which can also influence estedangineering costs. For example,
$1/Mcf change in the wellhead price causes a changstimated engineering compliance
costs of about $180 million, given EPA estimated &80 billion cubic feet of natural gas
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will be recovered by implementing the proposed N8Pin. All estimates are in 2008
dollars.

Energy System Impacts: Using the NEMS, when additional natural gas recpier

included, the analysis of energy system impactshfemproposed NSPS shows that domestic
natural gas production is likely to increase sligl@bout 20 billion cubic feet or 0.1 percent)
and average natural gas prices to decrease sligttbut $0.04/Mcf or 0.9 percent at the
wellhead for onshore production in the lower 4&stp Domestic crude oil production is not
expected to change, while average crude oil pace®stimated to decrease slightly (about
$0.02/barrel or less than 0.1 percent at the watlfer onshore production in the lower 48
states). All prices are in 2008 dollars.

Small Entity Analyses:EPA performed a screening analysis for impactsnoallsentities by
comparing compliance costs to revenues. For thpgzed NSPS, we found that there will
not be a significant impact on a substantial nunabemall entities (SISNOSE).

Employment Impacts Analysis:EPA estimated the labor impacts due to the iradtah,
operation, and maintenance of control equipmentyedlsas labor associated with new
reporting and recordkeeping requirements. We @séimp-front and continual, annual labor
requirements by estimating hours of labor requicedcompliance and converting this
number to full-time equivalents (FTES) by dividibg 2,080 (40 hours per week multiplied
by 52 weeks). The up-front labor requirement tmply with the proposed NSPS is
estimated at 230 full-time-equivalent employees @hnual labor requirement to comply
with proposed NSPS is estimated at about 2,40@ifn#-equivalent employees. We note
that this type of FTE estimate cannot be used tkeragsumptions about the specific number
of people involved or whether new jobs are cre&detew employees.
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Table 1-1 Summary of the Monetized Benefits, Costand Net Benefits for the Oil and
Natural Gas NSPS Regulatory Options in 2015 (millios of 2008%)

Option 1: Alternative Option 2: Proposed' Option 3: Alternative
Total Monetized Benefits N/A N/A N/A
Total Costd -$19 million -$45 million $77 million
Net Benefits N/A N/A N/A
Non-monetized Benefits 17,000 tons of HAPs 37,000 tons of HAPs 37,000 tons of HAPs
270,000 tons of VOCs 540,000 tons of VOCs 550100s of VOCs
1.6 million tons of 3.4 million tons of metharie 3.4 million tons of methane
methané
Health effects of HAP Health effects of HAP Health effects of HAP
exposuré exposuré exposuré
Health effects of PMsand  Health effects of PMsand  Health effects of PMsand
0zone exposure 0zone exposure 0zone exposure
Visibility impairment Visibility impairment Visidity impairment
Vegetation effects Vegetation effects Vegetatifiaots
Climate effects Climate effectd Climate effects

! All estimates are for the implementation year (208 include estimated revenue from additionalirsigas
recovery as a result of the NSPS.

2While we expect that these avoided emissions edllt in improvements in air quality and reductiongealth
effects associated with HAPs, ozone, and partieutztter (PM) as well as climate effects associaitiimethane, we
have determined that quantification of those bémefd co-benefits cannot be accomplished forrthésin a
defensible way. This is not to imply that there ao benefits or co-benefits of the rules; rathes,a reflection of the
difficulties in modeling the direct and indirectpaicts of the reductions in emissions for this itdaissector with the
data currently available. The specific controhtealogies for the proposed NSPS are anticipatédte minor
secondary disbenefits, including an increase of@3Dtons of CQ 510 tons of NOx, 7.6 tons of PM, 2,800 tons of
CO, and 1,000 tons of total hydrocarbons (THC) el & emission reductions associated with theggngystem
impacts. The net C&equivalent emission reductions are 62 million medtrns.

®The engineering compliance costs are annualizety@si? percent discount rate.
*The negative cost for the NSPS Options 1 and 2atsflthe inclusion of revenues from additional radtgas and
hydrocarbon condensate recovery that are estinsatadresult of the proposed NSPS. Possible exmlasdor why

there appear to be negative cost control technetogjie discussed in the engineering costs analysion in the RIA.

®Reduced exposure to HAPs and climate effects ateenefits.
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1.3 NESHAP Amendments Results

For the proposed NESHAP amendments, the key resfulte RIA follow and are summarized
in Table 1-2:

Benefits Analysis: The proposed NESHAP amendments are anticipatestitae a
significant amount of existing emissions, includihg00 tons of HAPs, 9,200 tons of VOCs,
and 4,900 tons of methane. Results from the rakiikk assessment indicate that for
existing natural gas transmission and storagemdgsamum individual cancer risk decreases
from 90-in-a-million before controls to 20-in-a-hivh after controls with benzene as the
primary cancer risk driver. While we expect thadt avoided emissions will result in
improvements in ambient air quality and reductionsealth effects associated with
exposure to HAPs, ozone, and PM, we have deterntivegajuantification of those benefits
cannot be accomplished for this rule. This istnomply that there are no benefits of the
rules; rather, it is a reflection of the difficit in modeling the direct and indirect impacts of
the reductions in emissions for this industrialteewith the data currently available. In
addition to health improvements, there will be imy@ments in visibility effects, ecosystem
effects, and climate effects as well as additiowliral gas recovery. The specific control
technologies for the proposed NESHAP is anticip&ddaave minor secondary disbenefits,
including an increase of 5,500 tons of £@.9 tons of NOx, 16 tons of CO, and 6.0 tons of
total hydrocarbons (THC) as well as emission rddastassociated with the energy system
impacts. The net C&equivalent emission reductions are 93 thousandicrtens.

Engineering Cost Analysis:EPA estimates the total capital costs of the pregd¢ESHAP
amendments to be $52 million. Total annualized egiing costs of the proposed NESHAP
amendments are estimated to be $16 million. Alhestes are in 2008 dollars.

Energy System Impacts: We did not estimate the energy economy impacteeptoposed
NESHAP amendments as the expected costs of thameileot likely to have estimable
impacts on the national energy economy.

Small Entity Analyses:EPA performed a screening analysis for impactsnoallsentities by
comparing compliance costs to revenues. For thpgzed NESHAP amendments, we found
that there will not be a significant impact on dstantial number of small entities
(SISNOSE).

Employment Impacts Analysis:EPA estimated the labor impacts due to the iradtah,
operation, and maintenance of control equipmeniyedisas labor associated with new
reporting and recordkeeping requirements. We a@séimp-front and continual, annual labor
requirements by estimating hours of labor requicedcompliance and converting this
number to full-time equivalents (FTEs) by dividibg 2,080 (40 hours per week multiplied
by 52 weeks). The up-front labor requirement tmpty with the proposed NESHAP
Amendments is estimated at 120 full-time-equivatanployees. The annual labor
requirement to comply with proposed NESHAP Amendiménestimated at about 102 full-
time-equivalent employees. We note that this tyfjg€Tde estimate cannot be used to make
assumptions about the specific number of peoplelved or whether new jobs are created
for new employees.



= Break-Even Analysis:A break-even analysis suggests that HAP emissuagd need to be
valued at $12,000 per ton for the benefits to eddbe costs if the health benefits, ecosystem
and climate co-benefits from the reductions in V& methane emissions are assumed to
be zero. If we assume the health benefits from leA#ssion reductions are zero, the VOC
emissions would need to be valued at $1,700 peottdime methane emissions would need to
be valued at $3,300 per ton for the benefits teesdhe costs. Previous assessments have
shown that the Plkbenefits associated with reducing VOC emissiongwatued at $280
to $7,000 per ton of VOC emissions reduced in $jgaaiban areas. Previous assessments
have shown that the PMbenefits associated with reducing VOC emissiongwatued at
$280 to $7,000 per ton of VOC emissions reducegpécific urban areas, ozone benefits
valued at $240 to $1,000 per ton of VOC emissi@asiced, and climate co-benefits valued
at $110 to $1,400 per short ton of methane reduédicestimates are in 2008 dollars.

Table 1-2 Summary of the Monetized Benefits, Costand Net Benefits for the
Proposed Oil and Natural Gas NESHAP in 2015 (millins of 2008$)

Option 1: Proposed (Floor)

Total Monetized Benefits N/A

Total Cost3 $16 million

Net Benefits N/A
Non-monetized Benefits 1,400 tons of HAPs

9,200 tons of VOC's

4,900 tons of methahe
Health effects of HAP exposure

Health effects of PMsand ozone expostire

Visibility impairment
Vegetation effecfs
Climate effect$

! All estimates are for the implementation year (9015

2While we expect that these avoided emissions edltt in improvements in air quality and reductionbealth
effects associated with HAPs, ozone, and PM asagatlimate effects associated with methane, we hav
determined that quantification of those benefitd an-benefits cannot be accomplished for this inuke defensible
way. This is not to imply that there are no besedr co-benefits of the rules; rather, it is detfon of the
difficulties in modeling the direct and indirectpaicts of the reductions in emissions for this itidaissector with
the data currently available. The specific conteshnologies for the proposed NESHAP are anticiptiehave
minor secondary disbenefits, including an increz<e 500 tons of Cg 2.9 tons of NOx, 16 tons of CO, and 6.0
tons of THC as well as emission reductions assediafth the energy system impacts. The net-€quivalent
emission reductions are 93 thousand metric tons.

®The engineering compliance costs are annualized)si7 percent discount rate.

“Reduced exposure to VOC emissions, PM2.5 and czxpesure, visibility and vegetation effects, arichate
effects are co-benefits.
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1.4 Organization of this Report

The remainder of this report details the methodpkmgd the results of the RIA. Section
2 presents the industry profile of the oil and naltgas industry. Section 3 describes the
emissions and engineering cost analysis. Sectmmegents the benefits analysis. Section 5
presents statutory and executive order analysestid® 6 presents a comparison of benefits and
costs. Section 7 presents energy system impapilpgment impact, and small business impact

analyses.



2 INDUSTRY PROFILE
2.1 Introduction

The oil and natural gas industry includes the feiiwg five segments: drilling and
extraction, processing, transportation, refining) anarketing. The Oil and Natural Gas NSPS
and NESHAP amendments propose controls for thenoiinatural gas products and processes of
the drilling and extraction of crude oil and natugas, natural gas processing, and natural gas

transportation segments.

Most crude oil and natural gas production fac#iteee classified under NAICS 211:
Crude Petroleum and Natural Gas Extraction (211amhdl)Natural Gas Liquid Extraction
(211112). The drilling of oil and natural gas w8al included in NAICS 213111. Most natural
gas transmission and storage facilities are classiinder NAICS 486210—Pipeline
Transportation of Natural Gas. While other NAIC33112—Support Activities for Oil and
Gas Operations, 221210—Natural Gas Distributio$148—Pipeline Transportation of Crude
Oil, and 541360—Geophysical Surveying and Mappieryi8es) are often included in the oil
and natural gas sector, these are not discussitaii in the Industry Profile because they are

not directly affected by the proposed NSPS and N&SHmendments.

The outputs of the oil and natural gas industryiipets for larger production processes
of gas, energy, and petroleum products. As of 20@9Energy Information Administration
(EIA) estimates that about 526,000 producing oillsvend 493,000 producing natural gas wells
operated in the United States. Domestic dry nagas production was 20.5 trillion cubic feet
(tcf) in 2009, the highest production level sin@&Q. The leading five natural gas producing
states are Texas, Alaska, Wyoming, Oklahoma, awd Mexico. Domestic crude oil
production in 2009 was 1,938 million barrels (bbhhe leading five crude oil producing states

are Texas, Alaska, California, Oklahoma, and Newibte

The Industry Profile provides a brief introductimnthe components of the oil and natural
gas industry that are relevant to the proposed NSRISNESHAP Amendments. The purpose is
to give the reader a general understanding of dloglgysical, engineering, and economic aspects
of the industry that are addressed in subsequemibatic analysis in this RIA. The Industry
Profile relies heavily on background material frtme U.S. EPA’s “Economic Analysis of Air

2-1



Pollution Regulations: Oil and Natural Gas Produtti(1996) and the U.S. EPA’s “Sector
Notebook Project: Profile of the Oil and Gas Extiat Industry” (2000).

2.2 Products of the Crude Oil and Natural Gas Industry

Each producing crude oil and natural gas fielditseaswn unique properties. The
composition of the crude oil and natural gas aseémeir characteristics are likely to be different

from that of any other reservoir.

2.2.1 Crude il

Crude oil can be broadly classified as paraffinephthenic (or asphalt-based), or
intermediate. Generally, paraffinic crudes aredusehe manufacture of lube oils and kerosene.
Paraffinic crudes have a high concentration ofigittachain hydrocarbons and are relatively low
in sulfur compounds. Naphthenic crudes are gelyaraéd in the manufacture of gasolines and
asphalt and have a high concentration of olefinamdhatic hydrocarbons. Naphthenic crudes
may contain a high concentration of sulfur compaunthtermediate crudes are those that are

not classified in either of the above categories.

Another classification measure of crude oil anceothydrocarbons is by API gravity.
API gravity is a weight per unit volume measureadfydrocarbon liquid as determined by a
method recommended by the American Petroleum itst{API). A heavy or paraffinic crude
oil is typically one with API gravity of 20or less, while a light or naphthenic crude oil jeth
typically flows freely at atmospheric conditionsually has API gravity in the range of the high
30's to the low 40's.

Crude oils recovered in the production phase op#teoleum industry may be referred to
as live crudes. Live crudes contain entrainedssalved gases which may be released during
processing or storage. Dead crudes are thoskdkiatgone through various separation and
storage phases and contain little, if any, entdhimredissolved gases.

2.2.2 Natural Gas

Natural gas is a mixture of hydrocarbons and varguantities of non-hydrocarbons that

exists in a gaseous phase or in solution with caoilder other hydrocarbon liquids in natural
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underground reservoirs. Natural gas may contamacoinants, such as hydrogen sulfideSH

CO,, mercaptans, and entrained solids.

Natural gas may be classified as wet gas or dry Yéest gas is unprocessed or partially
processed natural gas produced from a reservdictimains condensable hydrocarbons. Dry
gas is either natural gas whose water content éas teduced through dehydration or natural

gas that contains little or no recoverable liquydiocarbons.

Natural gas streams that contain threshold coragonis of HS are classified as sour
gases. Those with threshold concentrations of &€ classified as acid gases. The process by
which these two contaminants are removed from #teral gas stream is called sweetening.
The most common sweetening method is amine treafugyir gas contains &% concentration
of greater than 0.25 grain per 100 standard cwgat; filong with the presence of £0
Concentrations of 6 and CQ, along with organic sulfur compounds, vary widatgong sour
gases. A majority total onshore natural gas prodn@nd nearly all of offshore natural gas

production is classified as sweet.

2.2.3 Condensates

Condensates are hydrocarbons in a gaseous staeresdrvoir conditions, but become
liquid in either the wellbore or the production pess. Condensates, including volatile oils,
typically have an API gravity of £®r more. In addition, condensates may includedgarbon
liquids recovered from gaseous streams from vardiend natural gas production or natural
gas transmission and storage processes and opesratio

2.24 Other Recovered Hydrocarbons

Various hydrocarbons may be recovered through tbeegsing of the extracted
hydrocarbon streams. These hydrocarbons inclugedmatural gas liquids (NGL), natural

gasoline, propane, butane, and liquefied petrolgas(LPG).



2.25 Produced Water

Produced water is the water recovered from a proatuevell. Produced water is
separated from the extracted hydrocarbon streawarious production processes and
operations.

2.3 Oil and Natural Gas Production Processes

2.3.1 Exploration and Drilling

Exploration involves the search for rock formati@ssociated with oil or natural gas
deposits and involves geophysical prospecting arekploratory drilling. Well development
occurs after exploration has located an econonyicatloverable field and involves the
construction of one or more wells from the begignjcalled spudding) to either abandonment if
no hydrocarbons are found or to well completiohyifirocarbons are found in sufficient
guantities.

After the site of a well has been located, drilloagnmences. A well bore is created by
using a rotary drill to drill into the ground. Alse well bore gets deeper sections of drill pipe ar
added. A mix of fluids called drilling mud is releed down into the drill pipe then up the walls
of the well bore, which removes drill cuttings laking them to the surface. The weight of the
mud prevents high-pressure reservoir fluids frorshing their way out (“blowing out”). The
well bore is cased in with telescoping steel pigdiging drilling to avoid its collapse and to
prevent water infiltration into the well and to peat crude oil and natural gas from
contaminating the water table. The steel pipemented by filling the gap between the steel

casing and the wellbore with cement.

Horizontal drilling technology has been availabilecs the 1950s. Horizontal drilling
facilitates the construction of horizontal wellsdiowing for the well bore to run horizontally
underground, increasing the surface area of cob&tateen the reservoir and the well bore so
that more oil or natural gas can move into the welbrizontal wells are particularly useful in
unconventional gas extraction where the gas ismtentrated in a reservoir. Recent advances

have made it possible to steer the drill in diffégreirections (directional drilling) from the



surface without stopping the drill to switch diriecis and allowing for a more controlled and

precise drilling trajectory.

Hydraulic fracturing (also referred to as “frackinpas been performed since the 1940s
(U.S. DOE, 2009). Hydraulic fracturing involvesnpping fluids into the well under very high
pressures in order to fracture the formation coirtgithe resource. Proppant is a mix of sand
and other materials that is pumped down to holdrdetures open to secure gas flow from the
formation (U.S. EPA, 2004).

2.3.2 Production

Production is the process of extracting the hyditomas and separating the mixture of
liquid hydrocarbons, gas, water, and solids, remg¥ne constituents that are non-saleable, and
selling the liquid hydrocarbons and gas. The magbivities of crude oil and natural gas
production are bringing the fluid to the surfaceparating the liquid and gas components, and

removing impurities.

Oil and natural gas are found in the pores of rasid sand (Hyne, 2001). In a
conventional source, the oil and natural gas haes lpushed out of these pores by water and
moved until an impermeable surface had been readBedause the oil and natural gas can
travel no further, the liquids and gases accumuiagereservoir. Where oil and gas are
associated, a gas cap forms above the oil. Nagasais extracted from a well either because it is
associated with oil in an oil well or from a purgtural gas reservoir. Once a well has been
drilled to reach the reservoir, the oil and gaslwamxtracted in different ways depending on the

well pressure (Hyne, 2001).

Frequently, oil and natural gas are produced frloensiime reservoir. As wells deplete the
reservoirs into which they are drilled, the gasitaatio increases (as does the ratio of water to
hydrocarbons). This increase of gas over oil ccb@cause natural gas usually is in the top of
the oil formation, while the well usually is dritlento the bottom portion to recover most of the
liquid. Production sites often handle crude ol aatural gas from more than one well (Hyne,
2001).



Well pressure is required to move the resourceap the well to the surface. During
primary extraction, pressure from the well itself drives the resoungead the well directly.
Well pressure depletes during this process. Tlgicbout 30 to 35 percent of the resource in
the reservoir is extracted this way (Hyne, 2001)e amount extracted depends on the specific
well characteristics (such as permeability andrisitosity). Lacking enough pressure for the
resource to surface, gas or water is injectedtheavell to increase the well pressure and force
the resource ousécondaryor improved oil recovery). Finally, in tertiary extraction or
enhanced recoverygas, chemicals or steam are injected into the wiélis can result in

recovering up to 60 percent of the original amanfrdil in the reservoir (Hyne, 2001).

In contrast to conventional sources, unconventioil@nd gas are trapped in rock or
sand or, in the case of oil, are found in rock aBemical substance that requires a further
chemical transformation to become oil (U.S. DOE)20 Therefore, the resource does not
move into a reservoir as in the case with a coneeal source. Mining, induced pressure, or
heat is required to release the resource. Thefgpiype of extraction method needed depends
on the type of formation where the resource istltta Unconventional natural gas resource
types relevant for this proposal include:

» Shale Natural Gas: Shale natural gas comes from sediments of claganiith organic
matter. These sediments form low permeabilityesihatk formations that do not allow
the gas to move. To release the gas, the rock Ipeusagmented, making the extraction
process more complex than it is for conventional g@draction. Shale gas can be
extracted by drilling either vertically or horizadiyy, and breaking the rock using
hydraulic fracturing (U.S. DOE, 2009).

» Tight Sands Natural Gas: Reservoirs are composed of low-porosity sandstand
carbonate into which natural gas has migrated fotmer sources. Extraction of the
natural gas from tight gas reservoirs is oftengrened using horizontal wells. Hydraulic
fracturing is often used in tight sands (U.S. DQ&)9).

» Coalbed Methane: Natural gas is present in a coal bed due todtieity of microbes in

the coal or from alterations of the coal throughperature changes. Horizontal drilling



is used but given that coalbed methane reservargequently associated with

underground water reservoirs, hydraulic fractuighgften restricted (Andrews, 2009).

2.3.3 Natural Gas Processing

Natural gas conditioning is the process of remowumngurities from the gas stream so
that it is of sufficient quality to pass throughrnsportation systems and used by final consumers.
Conditioning is not always required. Natural gasrf some formations emerges from the well
sufficiently pure that it can be sent directly be pipeline. As the natural gas is separated from
the liquid components, it may contain impuritieattpose potential hazards or other problems.

The most significant impurity is 4%, which may or may not be contained in natural gas
H,S is toxic (and potentially fatal at certain conications) to humans and is corrosive for pipes.

It is therefore desirable to remove3ias soon as possible in the conditioning process.

Another concern is that posed by water vapor. igl [pressures, water can react with
components in the gas to form gas hydrates, whiels@lids that can clog pipes, valves, and
gauges, especially at cold temperatures (Mannidgif@woempson, 1991). Nitrogen and other
gases may also be mixed with the natural gas isubsurface. These other gases must be
separated from the methane prior to sale. Higlovppessure hydrocarbons that are liquids at
surface temperature and pressure (benzene, toleyhenzene, and xylene, or BTEX) are

removed and processed separately.

Dehydration removes water from the gas streamed hrain approaches toward
dehydration are the use of a liquid or solid desmitcand refrigeration. When using a liquid
desiccant, the gas is exposed to a glycol thatrebsbe water. The water can be evaporated
from the glycol by a process called heat regermratirhe glycol can then be reused. Solid
desiccants, often materials called molecular siemescrystals with high surface areas that
attract the water molecules. The solids can benegted simply by heating them above the
boiling point of water. Finally, particularly fgas extracted from deep, hot wells, simply
cooling the gas to a temperature below the condiensaoint of water can remove enough water
to transport the gas. Of the three approachesiomeat above, glycol dehydration is the most

common when processing at or near the well.



Sweetening is the procedure in whicfSHand sometimes G@re removed from the gas
stream. The most common method is amine treatmerthis process, the gas stream is exposed
to an amine solution, which will react with theSHand separate them from the natural gas. The
contaminant gas solution is then heated, therepgragéng the gases and regenerating the amine.
The sulfur gas may be disposed of by flaring, iacating, or when a market exists, sending it to

a sulfur-recovery facility to generate elementddusias a salable product.

2.3.4 Natural Gas Transmission and Distribution

After processing, natural gas enters a networloafgressor stations, high-pressure
transmission pipelines, and often-underground gwsites. Compressor stations are any facility
which supplies energy to move natural gas at isg@g@ressure in transmission pipelines or into
underground storage. Typically, compressor statare located at intervals along a transmission
pipeline to maintain desired pressure for natuaal tyansport. These stations will use either
large internal combustion engines or gas turbisgsriane movers to provide the necessary
horsepower to maintain system pressure. Undergdrstorage facilities are subsurface facilities
utilized for storing natural gas which has beengfarred from its original location for the
primary purpose of load balancing, which is thecpss of equalizing the receipt and delivery of
natural gas. Processes and operations that miagdted at underground storage facilities

include compression and dehydration.

2.4 Reserves and Markets

Crude oil and natural gas have historically setvemlseparate and distinct markets. Oil
is an international commodity, transported and aored throughout the world. Natural gas, on
the other hand, has historically been consumeck¢tosvhere it is produced. However, as
pipeline infrastructure and LNG trade expand, radtgas is increasingly a national and
international commodity. The following subsectigmevide historical and forecast data on the

U.S. reserves, production, consumption, and foregphe of crude oil and natural gas.



2.4.1 Domestic Proved Reserves

Table 2-1 shows crude oil and natural gas provserves, inferred reserves, and
undiscovered and total technically recoverableusss as of 2007. According to EJAhese

concepts are defined as:

* Proved reservesestimated quantities of energy sources that aisatygeologic and
engineering data demonstrates with reasonablemgrtae recoverable under

existing economic and operating conditions.

* Inferred reserves:the estimate of total volume recovery from knowader oil or
natural gas reservoirs or aggregation of such vessris expected to increase during

the time between discovery and permanent abanddnmen

» Technically recoverable:resources that are producible using current tecigyol

without reference to the economic viability of puation.

The sum of proved reserves, inferred reservesuadicovered technically recoverable
resources equal the total technically recoveradeurces. As seen in Table 2-1, as of 2007,
proved domestic crude oil reserves accounted foutat2 percent of the totally technically

recoverable crude oil resources.

! U.S. Department of Energy, Energy Information Adistiration, Glossary of Terms
<http://www.eia.doe.gov/glossary/index.cfm?id=PecAssed 12/21/2010.

2-9



Table 2-1 Technically Recoverable Crude Oil and Natral Gas Resource Estimates,
2007

Undiscovered Total
Technically  Technically

Proved Inferred Recoverable Recoverable
Region Reserves Reserves Resources  Resources
Crude Oil and Lease Condensate (billion bbl)
48 States Onshore 14.2 48.3 25.3 87.8
48 States Offshore 4.4 10.3 47.2 61.9
Alaska 4.2 2.1 42.0 48.3
Total U.S. 22.8 60.7 1145 198.0
Dry Natural Gas (tcf)
Conventionally Reservoired Fields 194.0 671.3 0.76 1625.7
48 States Onshore Non-Associated Gas 149.0 5.959 144.1 889.0
48 States Offshore Non-Associated Gas 12.4 .7 50 233.0 296.0
Associated-Dissolved Gas 20.7 117.2 137.9
Alaska 11.9 24.8 266.1 302.8
Shale Gas and Coalbed Methane 43.7 385 64.2 0493.
Total U.S. 237.7 1056.3 824.6 2118.7

Source: U.S. Energy Information Administratidmnual Energy Review 2010.Inferred reserves for associated-
dissolved natural gas are included in "Undiscovdrechnically Recoverable Resources." Totals mayam due
to independent rounding.

Proved natural gas reserves accounted for abopertent of the totally technically recoverable
natural gas resources. Significant proportionthege reserves exist in Alaska and offshore

areas.

Table 2-2 and Figure 2-1 show trends in cruderdl matural gas production and reserves
from 1990 to 2008. In Table 2-2, proved ultimaeavery equals the sum of cumulative
production and proved reserves. While crude all matural gas are nonrenewable resources, the
table shows that proved ultimate recovery rises tiee as new discoveries become
economically accessible. Reserves growth andrdewdialso partly a function of exploration
activities, which are correlated with oil and nalugas prices. For example, when oil prices are
high there is more of an incentive to use secondadytertiary recovery, as well as to develop

unconventional sources.
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Table 2-2 Crude Oil and Natural Gas Cumulative Domstic Production, Proved
Reserves, and Proved Ultimate Recovery, 1977-2008

Crude Oil and Lease Condensate Dry Natural Gas
(million bbl) (bcf)
Proved Proved
Cumulative Proved Ultimate Cumulative Proved Ultimate

Year Production Reserves Recovery Production Reserves Recovery
1990 158,175 27,556 185,731 744,546 169,346 913,892
1991 160,882 25,926 186,808 762,244 167,062 929,306
1992 163,507 24,971 188,478 780,084 165,015 945,099
1993 166,006 24,149 190,155 798,179 162,415 960,594
1994 168,438 23,604 192,042 817,000 163,837 980,837
1995 170,832 23,548 194,380 835,599 165,146 1,880,7
1996 173,198 23,324 196,522 854,453 166,474 1,020,9
1997 175,553 23,887 199,440 873,355 167,223 1,@80,5
1998 177,835 22,370 200,205 892,379 164,041 1,086,4
1999 179,981 23,168 203,149 911,211 167,406 1,078,6
2000 182,112 23,517 205,629 930,393 177,427 1,207,8
2001 184,230 23,844 208,074 950,009 183,460 1,693,4
2002 186,327 24,023 210,350 968,937 186,946 1,885,8
2003 188,400 23,106 211,506 988,036 189,044 1,807,0
2004 190,383 22,592 212,975 1,006,564 192,513 107199
2005 192,273 23,019 215,292 1,024,638 204,385 10239
2006 194,135 22,131 216,266 1,043,114 211,085 1994
2007 196,079 22,812 218,891 1,062,203 237,726 19299
2008 197,987 20,554 218,541 1,082,489 244,656 1naz7

Source: U.S. Energy Information Administratidmnual Energy Review 2010.

However, annual production as a percentage of proegerves has declined over time for both
crude oil and natural gas, from above 10 percettierearly 1990s to 8 to 9 percent from 2006 to
2008 for crude oil and from above 11 percent dutirgg1990s to about 8 percent from 2008 to
2008 for natural gas.
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Figure 2-1  A) Domestic Crude Oil Proved Reserves @nCumulative Production, 1990-
2008. B) Domestic Natural Gas Proved Reserves andi@ulative Production, 1990-2008
Table 2-3 presents the U.S. proved reserves okanilédnd natural gas by state or
producing area as of 2008. Four areas currentiguat for 77 percent of the U.S. total proved
reserves of crude oil, led by Texas and followedJb§. Federal Offshore, Alaska, and
California. The top five states (Texas, Wyoming]dtado, Oklahoma, and New Mexico)

account for about 69 percent of the U.S. total pdoreserves of natural gas.
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Table 2-3 Crude Oil and Dry Natural Gas Proved Reswes by State, 2008

Crude Oil Dry Natural Gas Crude Oill Dry Natural Gas
State/Region (million bbls) (bcf) (percent of total)  (percent of total)
Alaska 3,507 7,699 18.3 3.1
Alabama 38 3,290 0.2 1.3
Arkansas 30 5,626 0.2 2.3
California 2,705 2,406 14.1 1.0
Colorado 288 23,302 1.5 9.5
Florida 3 1 0.0 0.0
lllinois 54 0 0.3 0.0
Indiana 15 0 0.1 0.0
Kansas 243 3,557 1.3 15
Kentucky 17 2,714 0.1 1.1
Louisiana 388 11,573 2.0 4.7
Michigan 48 3,174 0.3 1.3
Mississippi 249 1,030 1.3 0.4
Montana 321 1,000 1.7 0.4
Nebraska 8 0 0.0 0.0
New Mexico 654 16,285 3.4 6.7
New York 0 389 0.0 0.2
North Dakota 573 541 3.0 0.2
Ohio 38 985 0.2 0.4
Oklahoma 581 20,845 3.0 8.5
Pennsylvania 14 3,577 0.1 15
Texas 4,555 77,546 23.8 31.7
Utah 286 6,643 1.5 2.7
Virginia 0 2,378 0.0 1.0
West Virginia 23 5,136 0.1 2.1
Wyoming 556 31,143 2.9 12.7
Miscellaneous States 24 270 0.1 0.1
U.S. Federal Offshore 3,903 13,546 20.4 55
Total Proved Reserves 19,121 244,656 100.0 100.0

Source: U.S. Energy Information Administratidmnual Energy Review 2010.Totals may not sum due to
independent rounding.

2.4.2 Domestic Production

Domestic oil production is currently in a statedetline that began in 1970. Table 2-4
shows U.S. production in 2009 at 1938 million bét gear, the highest level since 2004.
However, annual domestic production of crude od tieopped by almost 750 million bbl since
1990.
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Table 2-4 Crude Oil Domestic Production, Wells, We¢lIProductivity, and U.S. Average
First Purchase Price

Avg. Well U.S. Average First
Total Production Producing Wells Productivity Purchase Price/Barrel
Year (million bbl) (1000s) (bbl/well) (2005 dollars)
1990 2,685 602 4,460 27.74
1991 2,707 614 4,409 22.12
1992 2,625 594 4,419 20.89
1993 2,499 584 4,279 18.22
1994 2,431 582 4,178 16.51
1995 2,394 574 4,171 17.93
1996 2,366 574 4,122 22.22
1997 2,355 573 4,110 20.38
1998 2,282 562 4,060 12.71
1999 2,147 546 3,932 17.93
2000 2,131 534 3,990 30.14
2001 2,118 530 3,995 24.09
2002 2,097 529 3,964 24.44
2003 2,073 513 4,042 29.29
2004 1,983 510 3,889 38.00
2005 1,890 498 3,795 50.28
2006 1,862 497 3,747 57.81
2007 1,848 500 3,697 62.63
2008 1,812 526 3,445 86.69
2009 1,938 526 3,685 51.37*

Source: U.S. Energy Information Administratidmnual Energy Review 2010.

First purchase price represents the average pribe éease or wellhead at which domestic crugmiishased. *
2009 Oil price is preliminary

Average well productivity has also decreased sir990 (Table 2-4 and Figure 2-2). These
production and productivity decreases are in sfitbe fact that average first purchase prices
have shown a generally increasing trend. The diuepo this general trend occurred in 2008
and 2009 when the real price increased up to 8ardgber barrel and production in 2009
increased to almost 2 million bbl of oil.

Annual production of natural gas from natural gatisshas increased nearly 3000 bcf
from the 1990 to 2009 (Table 2-5). Natural gasamted from crude oil wells (associated
natural gas) has remained more or less constattiédast twenty years. Coalbed methane has

become a significant component of overall gas wétals in recent years.
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Table 2-5 Natural Gas Production and Well Productivty, 1990-2009

Natural Gas Gross Withdrawals Natural Gas Well
(bcf) Productivity
Avg.
Coalbed Producing  Productivity
Natural Gas Crude Oill Methane Dry Gas Wells per Well

Year Wells Wells Wells Total  Production* (no.) (MMcf)

1990 16,054 5,469 NA 21,523 17,810 269,100 59.657
1991 16,018 5,732 NA 21,750 17,698 276,337 57.964
1992 16,165 5,967 NA 22,132 17,840 275,414 58.693
1993 16,691 6,035 NA 22,726 18,095 282,152 59.157
1994 17,351 6,230 NA 23,581 18,821 291,773 59.468
1995 17,282 6,462 NA 23,744 18,599 298,541 57.888
1996 17,737 6,376 NA 24,114 18,854 301,811 58.770
1997 17,844 6,369 NA 24,213 18,902 310,971 57.382
1998 17,729 6,380 NA 24,108 19,024 316,929 55.938
1999 17,590 6,233 NA 23,823 18,832 302,421 58.165
2000 17,726 6,448 NA 24,174 19,182 341,678 51.879
2001 18,129 6,371 NA 24,501 19,616 373,304 48.565
2002 17,795 6,146 NA 23,941 18,928 387,772 45.890
2003 17,882 6,237 NA 24,119 19,099 393,327 45.463
2004 17,885 6,084 NA 23,970 18,591 406,147 44.036
2005 17,472 5,985 NA 23,457 18,051 425,887 41.025
2006 17,996 5,539 NA 23,535 18,504 440,516 40.851
2007 17,065 5,818 1,780 24,664 19,266 452,945 87.67
2008 18,011 5,845 1,898 25,754 20,286 478,562 87.63
2009 18,881 5,186 2,110 26,177 20,955 495,697 98.08

Source: U.S. Energy Information Administratidmnual Energy Review 2010.
*Dry gas production is gas production after accounfor gas used repressurizing wells, the remofal
nonhydrocarbon gases, vented and flared gas, andsgal as fuel during the production process.

The number of wells producing natural gas wellsreerly doubled between 1990 and 2009
(Figure 2-2). While the number of producing weéiés increased overall, average well
productivity has declined, despite improvementsxploration and gas well stimulation
technologies.
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Figure 2-2  A) Total Producing Crude Oil Wells and Arerage Well Productivity, 1990-
2009. B) Total Producing Natural Gas Wells and Awvage Well Productivity, 1990-2009.

Domestic exploration and development for oil hasticmed during the last two decades.
From 2002 to 2009, crude oil well drilling showedrsficant increases, although the 1992-2001
period showed relatively low levels of crude dngjiactivity compared to periods before and
after (Table 2-6). The drop in 2009 showed a depaifrom this trend, likely due to the

recession experienced in the U.S.

Meanwhile, natural gas drilling has increased sicgmtly during the 1990-2009 period.
Like crude oil drilling, 2009 saw a relatively Idevel of natural gas drillings. The success rate
of wells (producing wells versus dry wells) hasalscreased gradually over time from 75
percent in 1990, to 86 percent in 2000, to 90 pdrce2009 (Table 2-6). The increasing success

rate reflects improvements in exploration techng)@s well as technological improvements in
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well drilling and completion. Similarly, well avege depth has also increased by during this
period (Table 2-6).

Table 2-6 Crude Oil and Natural Gas Exploratory andDevelopment Wells and
Average Depth, 1990-2009

Wells Drilled
Successful
Wells Average

Year Crude Oil Natural Gas Dry Holes Total (percent) Depth (ft)

1990 12,800 11,227 8,237 32,264 75 4,841
1991 12,542 9,768 7,476 29,786 75 4,872
1992 9,379 8,149 5,857 23,385 75 5,138
1993 8,828 9,829 6,093 24,750 75 5,407
1994 7,334 9,358 5,092 21,784 77 5,736
1995 8,230 8,081 4,813 21,124 77 5,560
1996 8,819 9,015 4,890 22,724 79 5,573
1997 11,189 11,494 5,874 28,557 79 5,664
1998 7,659 11,613 4,763 24,035 80 5,722
1999 4,759 11,979 3,554 20,292 83 5,070
2000 8,089 16,986 4,134 29,209 86 4,942
2001 8,880 22,033 4,564 35,477 87 5,077
2002 6,762 17,297 3,728 27,787 87 5,223
2003 8,104 20,685 3,970 32,759 88 5,418
2004 8,764 24,112 4,053 36,929 89 5,534
2005E 10,696 28,500 4,656 43,852 89 5,486
2006E 13,289 32,878 5,183 51,350 90 5,537
2007E 13,564 33,132 5,121 51,817 90 5,959
2008E 17,370 34,118 5,726 57,214 90 6,202
2009E 13,175 19,153 3,537 35,865 90 6,108

Source: U.S. Energy Information Administratidmnual Energy Review 2010Values for 2005-2009 are
estimates.

Produced water is an important byproduct of theod natural gas industry, as
management, including reuse and recycling, of predwvater can be costly and challenging.
Texas, California, Wyoming, Oklahoma, and Kansasewige top five states in terms of
produced water volumes in 2007 (Table 2-7). Thesdenates do not include estimates of

flowback water from hydraulic fracturing activiti€aNL 2009).
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Table 2-7

U.S. Onshore and Offshore QOil, Gas, andéduced Water Generation, 2007

Total Oil and Barrels
Natural Gas  Produced Water
Crude Oil Total Gas Produced Water (1000 bbls oil  per Barrel Oll
State (1000 bbl) (bcf) (1000 bbl) equivalent) Equivalent

Alabama 5,028 285 119,004 55,758 2.13
Alaska 263,595 3,498 801,336 886,239 0.90
Arizona 43 1 68 221 0.31
Arkansas 6,103 272 166,011 54,519 3.05
California 244,000 312 2,552,194 299,536 8.52
Colorado 2,375 1,288 383,846 231,639 1.66
Florida 2,078 2 50,296 2,434 20.66
lllinois 3,202 no data 136,872 3,202 42.75
Indiana 1,727 4 40,200 2,439 16.48
Kansas 36,612 371 1,244,329 102,650 12.12
Kentucky 3,572 95 24,607 20,482 1.20
Louisiana 52,495 1,382 1,149,643 298,491 3.85
Michigan 5,180 168 114,580 35,084 3.27
Mississippi 20,027 97 330,730 37,293 8.87
Missouri 80 no data 1,613 80 20.16
Montana 34,749 95 182,266 51,659 3.53
Nebraska 2,335 1 49,312 2,513 19.62
Nevada 408 0 6,785 408 16.63
New Mexico 59,138 1,526 665,685 330,766 2.01
New York 378 55 649 10,168 0.06
North Dakota 44,543 71 134,991 57,181 2.36
Ohio 5,422 86 6,940 20,730 0.33
Oklahoma 60,760 1,643 2,195,180 353,214 6.21
Pennsylvania 1,537 172 3,912 32,153 0.12
South Dakota 1,665 12 4,186 3,801 1.10
Tennessee 350 1 2,263 528 4.29
Texas 342,087 6,878 7,376,913 1,566,371 4.71
Utah 19,520 385 148,579 88,050 1.69
Virginia 19 112 1,562 19,955 0.08
West Virginia 679 225 8,337 40,729 0.20
Wyoming 54,052 2,253 2,355,671 455,086 5.18
State Total 1,273,759 21,290 20,258,560 5,063,379 4.00
Federal Offshore 467,180 2,787 587,353 963,266 106
Tribal Lands 9,513 297 149,261 62,379 2.39
Federal Total 476,693 3,084 736,614 1,025,645 0.72
U.S. Total 1,750,452 24,374 20,995,174 6,089,024 453

Source: Argonne National Laboratory and Departmélinergy (2009). Natural gas production convetted
barrels oil equivalent to facilitate comparisonngsihe conversion of 0.178 barrels of crude oiladgd000 cubic
feet natural gas. Totals may not sum due to inaeget rounding.
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As can be seen in Table 2-7, the amount of watsyared is not necessarily correlated
with the ratio of water produced to the volume ibioo natural gas produced. Texas, Alaska and
Wyoming were the three largest producers in baoktsl equivalent (boe) terms, but had
relatively low rates of water production compareadhtore Midwestern states, such lllinois,

Missouri, Indiana, and Kansas.

Figure 2-3 shows the distribution of produced watanagement practices in 2007.

O Injection for
Enhanced Recove

Injection or
Disposal

51% | O Surface Discharge

B Unknown

Source: Argonne National Laboratory

Figure 2-3  U.S. Produced Water Volume by ManagemerRractice, 2007

More than half of the water produced (51 percer3 ve-injected to enhance resource recovery
through maintaining reservoir pressure or hydrailijgushing oil from the reservoir. Another
third (34 percent) was injected, typically into iselvhose primary purpose is to sequester
produced water. A small percentage (three percgnischarged into surface water when it
meets water quality criteria. The destinationhaf temaining produced water (11 percent, the

difference between the total managed and totalrgés is uncertain (ANL, 2009).

The movement of crude oil and natural gas primaakes place via pipelines. Total
crude oil pipeline mileage has decreased durind. 8#88-2008 period (Table 2-8), appearing to
follow the downward supply trend shown in Table.2¥hile exhibiting some variation,

pipeline mileage transporting refined products rewd relatively constant.
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Table 2-8 U.S. Oil and Natural Gas Pipeline Mileagel990-2008

Oil Pipelines Natural Gas Pipelines
Crude Product Distribution Transmission Gathering

Year Lines Lines Total Mains Pipelines Lines Total

1990 118,805 89,947 208,752 945,964 291,990 32,4201,270,374
1991 115,860 87,968 203,828 890,876 293,862 32,7131,217,451
1992 110,651 85,894 196,545 891,984 291,468 32,6291,216,081
1993 107,246 86,734 193,980 951,750 293,263 32,056 1,277,069
1994 103,277 87,073 190,350 1,002,669 301,545 181,3 1,335,530
1995 97,029 84,883 181,912 1,003,798 296,947 20,93 1,331,676
1996 92,610 84,925 177,535 992,860 292,186 29,617 1,314,663
1997 91,523 88,350 179,873 1,002,942 294,370 34,46 1,331,775
1998 87,663 90,985 178,648 1,040,765 302,714 29,16 1,372,644
1999 86,369 91,094 177,463 1,035,946 296,114 82,27 1,364,336
2000 85,480 91,516 176,996 1,050,802 298,957 27,56 1,377,320
2001 52,386 85,214 154,877 1,101,485 290,456 21,61 1,413,555
2002 52,854 80,551 149,619 1,136,479 303,541 92,55 1,462,579
2003 50,149 75,565 139,901 1,107,559 301,827 82,75 1,432,144
2004 50,749 76,258 142,200 1,156,863 303,216 24,73 1,484,813
2005 46,234 71,310 131,348 1,160,311 300,663 93,39 1,484,373
2006 47,617 81,103 140,861 1,182,884 300,458 0,42 1,503,762
2007 46,658 85,666 147,235 1,202,135 301,171 29,70 1,523,008
2008 50,214 84,914 146,822 1,204,162 303,331 130,3 1,527,811

Source: U.S. Department of Transportation, Pipeding Hazardous Materials Safety Administrationjc@fbf
Pipeline SafetyNatural Gas Transmission, Gas Distribution, and bfaous Liquid Pipeline Annual Mileage
available at http://ops.dot.gov/stats.htm as of. &8; 2010. Totals may not sum due to independemding.

Table 2-8 splits natural gas pipelines into thggees: distribution mains, transmission
pipelines, and gathering lines. Gathering lineslaw-volume pipelines that gather natural gas
from production sites to deliver directly to gasgassing plants or compression stations that
connect numerous gathering lines to transport gagply to processing plants. Transmission
pipelines move large volumes of gas to or from psstng plants to distribution points. From
these distribution points, the gas enters a digioh system that delivers the gas to final
consumers. Table 2-8 shows gathering lines daag&®sm 1990 from above 30,000 miles
from 1990 to 1995 to around 20,000 miles in 200 2008. Transmission pipelines added
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about 10,000 miles during this period, from abd2,200 in 1990 to about 303,000 miles in
2008. The most significant growth among all typepipeline was in distribution, which
increased about 260,000 miles during the 1990 @8 2@riod, driving an increase in total
natural gas pipeline mileage (Figure 2-1). Theaghan distribution is likely driven by

expanding production as well as expanding gas nwmmerowing U.S. towns and cities.

2.4.3 Domestic Consumption

Historical crude oil sector-level consumption treridr 1990 through 2009 are shown in
Table 2-9 and Figure 2-4. Total consumption raselgally until 2008 when consumption
dropped as a result of the economic recession.sfiaee of residential, commercial, industrial,
and electric power on a percentage basis declioadglthis period, while the share of total

consumption by the transportation sector rose fBdmercent in 1990 to 71 percent in 2009.

Table 2-9 Crude Oil Consumption by Sector, 1990-2@0

Percent of Total

Total Transportation Electric
Year (million bbl) Residential Commercial Industrial Sector Power
1990 6,201 4.4 2.9 25.3 64.1 3.3
1991 6,101 4.4 2.8 25.2 64.4 3.1
1992 6,234 4.4 2.6 26.5 63.9 25
1993 6,291 4.5 24 25.7 64.5 2.9
1994 6,467 4.3 2.3 26.3 64.4 2.6
1995 6,469 4.2 2.2 25.9 65.8 1.9
1996 6,701 4.4 2.2 26.3 65.1 2.0
1997 6,796 4.2 2.0 26.6 65.0 2.2
1998 6,905 3.8 1.9 25.6 65.7 3.0
1999 7,125 4.2 1.9 25.8 65.4 2.7
2000 7,211 4.4 2.1 24.9 66.0 2.6
2001 7,172 4.3 2.1 24.9 65.8 2.9
2002 7,213 4.1 1.9 25.0 66.8 2.2
2003 7,312 4.2 2.1 24.5 66.5 2.7
2004 7,588 4.0 2.0 25.2 66.2 2.6
2005 7,593 3.9 1.9 24.5 67.1 2.6
2006 7,551 3.3 1.7 25.1 68.5 14
2007 7,548 3.4 1.6 24.4 69.1 14
2008 7,136 3.7 1.8 23.2 70.3 11
2009* 6,820 3.8 1.8 22.5 71.1 0.9

Source: U.S. Energy Information Administratidmnual Energy Review 2010.2009 consumption is preliminary.
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Figure 2-4  Crude Oil Consumption by Sector (Percentf Total Consumption), 1990-
2009

Natural gas consumption has increased over théwasty years. From 1990 to 2009,
total U.S. consumption increased by an averagbaiital percent per year (Table 2-10 and
Figure 2-5). Over the same period, industrial comgtion of natural gas declined, whereas
electric power generation increased its consumpiote dramatically, an important trend in the
industry as many utilities increasingly use natgs for peak generation or switch from coal-
based to natural gas-based electricity generafldre residential, commercial, and transportation
sectors maintained their consumption levels at motess constant levels during this time
period.

2-22



Table 2-10  Natural Gas Consumption by Sector, 1999009

Percent of Total

Total Transportation Electric

Year (bcf) Residential Commercial Industrial Sector Power

1990 19,174 22.9 13.7 43.1 3.4 16.9
1991 19,562 23.3 13.9 42.7 3.1 17.0
1992 20,228 23.2 13.9 43.0 2.9 17.0
1993 20,790 23.8 13.8 42.7 3.0 16.7
1994 21,247 22.8 13.6 42.0 3.2 18.4
1995 22,207 21.8 13.6 42.3 3.2 19.1
1996 22,609 23.2 14.0 42.8 3.2 16.8
1997 22,737 21.9 14.1 42.7 3.3 17.9
1998 22,246 20.3 135 42.7 2.9 20.6
1999 22,405 21.1 13.6 40.9 2.9 21.5
2000 23,333 21.4 13.6 39.8 2.8 22.3
2001 22,239 215 13.6 38.1 2.9 24.0
2002 23,007 21.2 13.7 375 3.0 24.7
2003 22,277 22.8 14.3 37.1 2.7 23.1
2004 22,389 21.7 14.0 37.3 2.6 24.4
2005 22,011 21.9 13.6 35.0 2.8 26.7
2006 21,685 20.1 13.1 35.3 2.8 28.7
2007 23,097 20.4 13.0 34.1 2.8 29.6
2008 23,227 21.0 13.5 33.9 2.9 28.7
2009* 22,834 20.8 13.6 32.4 2.9 30.2

Source: U.S. Energy Information Administratidmnual Energy Review 2010.2009 consumption is preliminary.
Totals may not sum due to independent rounding.

2-23



Consumption (% of total

—— Residential —— Commercial
—&— Industrial —> Transportation Secto
—e— Electric Power
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2009

24.4 International Trade

Imports of crude oil and refined petroleum produ@se increased over the last twenty
years, showing increased substitution of impontsifamestic production, as well as imports
satisfying growing consumer demand in the U.S (@&@»lL1). Crude oil imports have increased
by about 2 percent per year on average, whereedguen products have increased by 1 percent

on average per year.
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Table 2-11  Total Crude Oil and Petroleum Products inports (Million Bbl), 1990-2009

Year Crude Oil Petroleum Products Total Petroleum
1990 2,151 775 2,926
1991 2,111 673 2,784
1992 2,226 661 2,887
1993 2,477 669 3,146
1994 2,578 706 3,284
1995 2,639 586 3,225
1996 2,748 721 3,469
1997 3,002 707 3,709
1998 3,178 731 3,908
1999 3,187 774 3,961
2000 3,320 874 4,194
2001 3,405 928 4,333
2002 3,336 872 4,209
2003 3,528 949 4,477
2004 3,692 1,119 4,811
2005 3,696 1,310 5,006
2006 3,693 1,310 5,003
2007 3,661 1,255 4,916
2008 3,581 1,146 4,727
2009 3,307 973 4,280

Source: U.S. Energy Information Administratidmnual Energy Review 2010.* 2009 Imports are preliminary.

Natural gas imports also increased steadily fro®01® 2007 in volume and percentage
terms (Table 2-12). The years 2007 and 2008 sawriegh natural gas constituting a lower
percentage of domestic natural gas consumptio2009®, the U.S exported 700 bcf natural gas
to Canada, 338 bcf to Mexico via pipeline, and 8Btb Japan in LNG-form. In 2009, the U.S.
primarily imported natural gas from Canada (3268 8¢ percent) via pipeline, although a
growing percentage of natural gas imports are iGLHNrm shipped from countries such as
Trinidad and Tobago and Egypt. Until recent yegdustry analysts forecast that LNG imports
would continue to grow as a percentage of U.S aoipsion. However, it is possible that
increasingly accessible domestic unconventionargssurces, such as shale gas and coalbed
methane, might reduce the need for the U.S. to itm@adural gas, either via pipeline or shipped
LNG.
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Table 2-12  Natural Gas Imports and Exports, 1990-21D

Total Imports Total Exports Net Imports Percent of

Year (bcf) (bcf) (bcf) U.S. Consumption
1990 1,532 86 1,447 7.5
1991 1,773 129 1,644 8.4
1992 2,138 216 1,921 9.5
1993 2,350 140 2,210 10.6
1994 2,624 162 2,462 11.6
1995 2,841 154 2,687 12.1
1996 2,937 153 2,784 12.3
1997 2,994 157 2,837 12.5
1998 3,152 159 2,993 135
1999 3,586 163 3,422 15.3
2000 3,782 244 3,538 15.2
2001 3,977 373 3,604 16.2
2002 4,015 516 3,499 15.2
2003 3,944 680 3,264 14.7
2004 4,259 854 3,404 15.2
2005 4,341 729 3,612 16.4
2006 4,186 724 3,462 16.0
2007 4,608 822 3,785 16.4
2008 3,984 1,006 2,979 12.8
2009* 3,748 1,071 2,677 11.7

Source: U.S. Energy Information Administratidmnual Energy Review 2010. 2009 Imports are preliminary.

245 Forecasts

In this section, we provide forecasts of well dnij activity and crude oil and natural gas
domestic production, imports, and prices. Thedasts are from the 2011 Annual Energy
Outlook produced by EIA, the most current foregaiirmation available from EIA. As will be
discussed in detail in Section 3, to analyze thegaicts of the proposed NSPS on the national
energy economy, we use the National Energy Mod&iysfem (NEMS) that was used to
produce the 2011 Annual Energy Outlook.

Table 2-13 and Figure 2-6 present forecasts ofesstal wells drilled in the U.S. from
2010 to 2035. Crude oil well forecasts for the é0wW8 states show a rise from 2010 to a peak in
2019, which is followed by a gradual decline utiig terminal year in the forecast, totaling a 28
percent decline for the forecast period. The faseof successful offshore crude oil wells shows

a variable but generally increasing trend.

2-26



Table 2-13  Forecast of Total Successful Wells Dield, Lower 48 States, 2010-2035

Lower 48 U.S. States Offshore Totals

Crude Conventional Tight Devonian Coalbed Crude Natural Crude Natural
Year Oll Natural Gas  Sands Shale Methane Oll gas Oll Gas
2010 12,082 7,302 2,393 4,196 2,426 74 56 12,155,3786
2011 10,271 7,267 2,441 5,007 1,593 81 73 10,352,3806
2012 10,456 7,228 2,440 5,852 1,438 80 71 10,536,0287
2013 10,724 7,407 2,650 6,758 1,564 79 68 10,802,44718
2014 10,844 7,378 2,659 6,831 1,509 85 87 10,929,4633
2015 10,941 7,607 2,772 7,022 1,609 84 87 11,025,09869
2016 11,015 7,789 2,817 7,104 1,633 94 89 11,108,4319
2017 11,160 7,767 2,829 7,089 1,631 104 100 11,289,416
2018 11,210 7,862 2,870 7,128 1,658 112 101 11,329,619
2019 11,268 8,022 2,943 7,210 1,722 104 103 11,328,000
2020 10,845 8,136 3,140 7,415 2,228 89 81 10,934,0001
2021 10,849 8,545 3,286 7,621 2,324 91 84 10,940,8601
2022 10,717 8,871 3,384 7,950 2,361 90 77 10,807,6422
2023 10,680 9,282 3,558 8,117 2,499 92 96 10,772,5523
2024 10,371 9,838 3,774 8,379 2,626 87 77 10,458,6924
2025 10,364 10,200 3,952 8,703 2,623 93 84 10,45%,562
2026 10,313 10,509 4,057 9,020 2,705 104 103 10,428,394
2027 10,103 10,821 4,440 9,430 2,862 99 80 10,207,633
2028 9,944 10,995 4,424 9,957 3,185 128 111 10,028,672
2029 9,766 10,992 4,429 10,138 3,185 121 127 9,888,870
2030 9,570 11,161 4,512 10,539 3,240 127 103 9,699,556
2031 9,590 11,427 4,672 10,743 3,314 124 109 9,713D,265
2032 9,456 11,750 4,930 11,015 3,449 143 95 9,599,233
2033 9,445 12,075 5,196 11,339 3,656 116 107 9,5622,372
2034 9,278 12,457 5,347 11,642 3,669 128 92 9,4063,208
2035 8,743 13,003 5,705 12,062 3,905 109 108 28,8534,782

Source: U.S. Energy Information Administratidmnual Energy Outlook 2011.

Meanwhile, Table 2-13 and Figure 2-6 show incre&seall types of natural gas drilling
in the lower 48 states. Drilling in shale resersas expected to rise most dramatically, about
190 percent during the forecast period, while idigllin coalbed methane and tight sands
reservoirs increase significantly, 61 percent aB8l dercent, respectively. Despite the growth in
drilling in unconventional reservoirs, EIA forecasuccessful conventional natural gas wells to
increase about 78 percent during this period. ldfis natural gas wells are also expected to

increase during the next 25 years, but not to dggek of onshore drilling.
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Figure 2-6  Forecast of Total Successful Wells Dréd, Lower 48 States, 2010-2035

Table 2-14 presents forecasts of domestic crudaroduction, reserves, imports and
prices. Domestic crude oil production increaseghtly during the forecast period, with much of
the growth coming from onshore production in thedo 48 states. Alaskan oil production is
forecast to decline from 2010 to a low of 99 mitlibarrels in 2030, but rising above that level
for the final five years of the forecast. Net imigoof crude oil are forecast to decline slightly
during the forecast period. Figure 2-7 depictsé¢heends graphically. All told, EIA forecasts

total crude oil to decrease about 3 percent fro020 2035.
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Table 2-14  Forecast of Crude Oil Supply, Reserveand Wellhead Prices, 2010-2035
Domestic Production (million bbls)

Total Lower 48
Lower 48 Crude Average
End of Supply Wellhead Price
Total Lower 48 Lower 48 Year Net (million (2009 dollars
Year Domestic Onshore Offshore Alaska Reserves Imports bbls) per bbl)
2010 2,011 1,136 653 223 17,634 3,346 5,361 78.6
2011 1,993 1,212 566 215 17,955 3,331 5,352 84.0
2012 1,962 1,233 529 200 18,026 3,276 5,239 86.2
2013 2,037 1,251 592 194 18,694 3,259 5,296 88.6
2014 2,102 1,267 648 188 19,327 3,199 5,301 92.0
2015 2,122 1,283 660 179 19,690 3,177 5,299 95.0
2016 2,175 1,299 705 171 20,243 3,127 5,302 98.1
2017 2,218 1,320 735 163 20,720 3,075 5,293 101.0
2018 2,228 1,323 750 154 21,129 3,050 5,277 103.7
2019 2,235 1,343 746 147 21,449 3,029 5,264 105.9
2020 2,219 1,358 709 153 21,573 3,031 5,250 107.4
2021 2,216 1,373 680 163 21,730 3,049 5,265 108.8
2022 2,223 1,395 659 169 21,895 3,006 5,229 110.3
2023 2,201 1,418 622 161 21,921 2,994 5,196 112.0
2024 2,170 1,427 588 155 21,871 2,996 5,166 113.6
2025 2,146 1,431 566 149 21,883 3,010 5,155 115.2
2026 2,123 1,425 561 136 21,936 3,024 5,147 116.6
2027 2,114 1,415 573 125 22,032 3,018 5,131 117.8
2028 2,128 1,403 610 116 22,256 2,999 5,127 118.8
2029 2,120 1,399 614 107 22,301 2,988 5,108 119.3
2030 2,122 1,398 625 99 22,308 2,994 5,116 119.5
2031 2,145 1,391 641 114 22,392 2,977 5,122 119.6
2032 2,191 1,380 675 136 22,610 2,939 5,130 118.8
2033 2,208 1,365 691 152 22,637 2,935 5,143 119.1
2034 2,212 1,351 714 147 22,776 2,955 5,167 119.2
2035 2,170 1,330 698 142 22,651 3,007 5,177 5119

Source: U.S. Energy Information Administratidmnual Energy Outlook 2011. Totals may not sum due to
independent rounding.

Table 2-14 also shows forecasts of proved resenvii® lower 48 states. The reserves forecast
shows steady growth from 2010 to 2035, an incre&28 percent overall. This increment is
larger than the forecast increase in productiomftioe lower 48 states during this period, 8
percent, showing reserves are forecast to grow magidly than production. Table 2-14 also
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shows average wellhead prices increasing a tota2 gfercent from 2010 to 2035, from $78.6
per barrel to $119.5 per barrel in 2008 dollar ®&rm
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Figure 2-7  Forecast of Domestic Crude Oil Productio and Net Imports, 2010-2035

Table 2-15 shows domestic natural gas productidorésast to increase about 24 percent
from 2010 to 2035. Contrasted against the muchdnigrowth in natural gas wells drilled as
shown in Table 2-13, per well productivity is exfgetto continue its declining trend.

Meanwhile, imports of natural gas via pipeline expected to decline during the forecast period
almost completely, from 2.33 tcf in 2010 to 0.02085 tcf. Imported LNG also decreases from
0.41 tcf in 2010 to 0.14 tcf in 2035. Total supghen, increases about 10 percent, from 24.08
tcf in 2010 to 26.57 tcf in 2035.
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Table 2-15  Forecast of Natural Gas Supply, Lower 4Beserves, and Wellhead Price

Production Net Imports
Lower 48 Average Lower 48
Net Net End of Wellhead Price
Dry Gas Supplemental Imports Imports  Total Year Dry (2009 dollars per

Year Production Natural Gas (Pipeline) (LNG)  Supply Reserves Mcf)

2010 21.28 0.07 2.33 0.41 24.08 263.9 4.08
2011 21.05 0.06 2.31 0.44 23.87 266.3 4.09
2012 21.27 0.06 2.17 0.47 23.98 269.1 4.09
2013 21.74 0.06 2.22 0.50 24.52 272.5 4.15
2014 22.03 0.06 2.26 0.45 24.80 276.6 4.16
2015 22.43 0.06 2.32 0.36 25.18 279.4 4.24
2016 22.47 0.06 2.26 0.36 25.16 282.4 4.30
2017 22.66 0.06 2.14 0.41 25.28 286.0 4.33
2018 22.92 0.06 2.00 0.43 25.40 289.2 4.37
2019 23.20 0.06 1.75 0.47 25.48 292.1 4.43
2020 23.43 0.06 1.40 0.50 25.40 293.6 4.59
2021 23.53 0.06 1.08 0.52 25.19 295.1 4.76
2022 23.70 0.06 0.89 0.49 25.14 296.7 4.90
2023 23.85 0.06 0.79 0.45 25.15 297.9 5.08
2024 23.86 0.06 0.77 0.39 25.08 298.4 5.27
2025 23.99 0.06 0.74 0.34 25.12 299.5 5.43
2026 24.06 0.06 0.71 0.27 25.10 300.8 5.54
2027 24.30 0.06 0.69 0.22 25.27 302.1 5.67
2028 24.59 0.06 0.67 0.14 25.47 304.4 5.74
2029 24.85 0.06 0.63 0.14 25.69 306.6 5.78
2030 25.11 0.06 0.63 0.14 25.94 308.5 5.82
2031 25.35 0.06 0.57 0.14 26.13 310.1 5.90
2032 25.57 0.06 0.50 0.14 26.27 3114 6.01
2033 25.77 0.06 0.38 0.14 26.36 312.6 6.12
2034 26.01 0.06 0.23 0.14 26.44 313.4 6.24
2035 26.33 0.06 0.04 0.14 26.57 314.0 6.42

Source: U.S. Energy Information Administratidmnual Energy Outlook 2011. Totals may not sum due to
independent rounding.

2.5 Industry Costs

25.1 Finding Costs

Real costs of drilling oil and natural gas wellséancreased significantly over the past
two decades, particularly in recent years. Costygdl has increased by an annual average of
about 15 percent, and cost per foot has increased@rage of about 13 percent per year (Figure
2-8).
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Figure 2-8  Costs of Crude Oil and Natural Gas Well®rilled, 1981-2008

The average finding costs compiled and publisheBIByadd an additional level of detail to
drilling costs, in that finding costs incorporalte tcosts more broadly associated with adding
proved reserves of crude oil and natural gas. &hests include exploration and development
costs, as well as costs associated with the pueabrdgasing of real property. EIA publishes
finding costs as running three-year averages,derdio better compare these costs, which occur
over several years, with annual average liftingso&igure 2-9 shows average domestic
onshore and offshore and foreign finding costdiersample of U.S. firms in EIA’s Financial
Reporting System (FRS) database from 1981 to 200&. costs are reported in 2008 dollars on
a barrel of oil equivalent basis for crude oil aradural gas combined. The average domestic
finding costs dropped from 1981 until the mid-1990Q%erestingly, in the mid-1990s, domestic
onshore and offshore and foreign finding costs eoged for a few years. After this period,

offshore finding costs rose faster than domestghore and foreign costs.
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Figure 2-9  Finding Costs for FRS Companies, 1981-28

After 2000, average finding costs rose sharplyhuhe finding costs for domestic onshore and
offshore and foreign proved reserves diverging alifferent trajectories. Note the drilling

costs in Figure 2-8 and finding costs in Figure @€sent similar trends overall.

2.5.2 Lifting Costs

Lifting costs are the costs to produce crude onaural gas once the resource has been
found and accessed. EIA’s definition of liftingst® includes costs of operating and maintaining
wells and associated production equipment. Dirftictg costs exclude production taxes or
royalties, while total lifting costs includes taxasd royalties. Like finding costs, EIA reports
average lifting costs for FRS firms in 2008 dollarsa barrel of oil equivalent basis. Total
lifting costs are the sum of direct lifting costedgproduction taxes. Figure 2-10 depicts direct
lifting cost trends from 1981 to 2008 for domestia foreign production.
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Figure 2-10 Direct Oil and Natural Gas Lifting Cost for FRS Companies, 1981-2008 (3-
year Running Average)

Direct lifting costs (excludes taxes and royalties)domestic production rose a little more than
$2 per barrels of oil equivalent from 1981 to 198&n declined almost $5 per barrel of ol
equivalent from 1985 until 2000. From 2000 to 20@@mnestic lifting costs increased sharply,
about $6 per barrel of oil equivalent. Foreigtiri costs diverged from domestic lifting costs
from 1981 to 1991, as foreign lifting costs weredéo than domestic costs during this period.
Foreign and domestic lifting costs followed a saniirack until they again diverged in 2004,
with domestic lifting again becoming more expensi@mbined with finding costs, the total

finding and lifting costs rose significantly in ro2000 to 2008.

2.5.3 Operating and Equipment Costs

The EIA report, “Oil and Gas Lease Equipment anér@ing Costs 1994 through
2009%, contains indices and estimated costs for dome#tand natural gas equipment and
production operations. The indices and cost tréxzts costs for representative operations in

2 U.S. Energy Information Administration. “Oil anch€ Lease Equipment and Operating Costs 1994 thr20@@.”

September 28, 2010.
<http://www.eia.doe.gov/pub/oil_gas/natural gas/datdblications/cost_indices equipment_productiomémnty

coststudy.htn# Accessed February 2, 2011.
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six regions (California, Mid-Continent, South Loaisa, South Texas, West Texas, and Rocky
Mountains) with producing depths ranging from 206006,000 feet and low to high production
rates (for example, 50,000 to 1 million cubic fpet day for natural gas).

Figure 2-11 depicts crude oil operating costs apdpmnent costs indices for 1976 to
2009, as well as the crude oil price in 1976 dsllarhe indices show that crude oil operating
and equipment costs track the price of oil oves time period, while operating costs have risen
more quickly than equipment costs. Operating apdpenent costs and oil prices rose steeply in
the late 1970s, but generally decreased from af 8@ until the late 1990s.
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Figure 2-11 Crude Oil Operating Costs and EquipmentCosts Indices (1976=100) and
Crude Oil Price (in 1976 dollars), 1976-2009

Oil costs and prices again generally rose betw@®@0 2o present, with a peak in 2008. The
2009 index values for crude oil operating and eapgipt costs are 154 and 107, respectively.
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Figure 2-12 Natural Operating Costs and Equipment @sts Indices (1976=100) and
Natural Gas Price, 1976-2009

Figure 2-12 depicts natural gas operating and egenp costs indices, as well as natural gas
prices. Similar to the cost trends for crude méitural gas operating and equipment costs track
the price of natural gas over this time period,l&bperating costs have risen more quickly than
equipment costs. Operating and equipment costgasn@rices also rose steeply in the late
1970s, but generally decreased from about 1980thetimid 1990s. The 2009 index values for
natural gas operating and equipment costs are @712, respectively.

2.6 Firm Characteristics

A regulatory action to reduce pollutant discharges facilities producing crude oil and
natural gas will potentially affect the businesstess that own the regulated facilities. In thé oi
and natural gas production industry, facilities poise those sites where plant and equipment
extract, process, and transport extracted streacavered from the raw crude oil and natural gas
resources. Companies that own these facilitieteg@d business entities that have the capacity to
conduct business transactions and make busineissothscthat affect the facility.

2.6.1 Ownership

Enterprises in the oil and natural gas industry tmaylivided into different groups that
include producers, transporters, and distributditse producer segment may be further divided
between major and independent producers. Majatymers include large oil and gas companies
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that are involved in each of the five industry segts: drilling and exploration, production,
transportation, refining, and marketing. Indepengeoducers include smaller firms that are
involved in some but not all of the five activities

According to the Independent Petroleum AssociatibAmerica (IPAA), independent
companies produce approximately 68 percent of doeside oil production of our oil, 85
percent of domestic natural gas, and drill alm@sp@&rcent of the wells in the U.S (IPAA, 2009).
Through the mid-1980s, natural gas was a secoridalyor many producers. However, now it
is of primary importance to many producers. IPAfarts that about 50 percent of its members’
spending in 2007 was directed toward natural gadymtion, largely toward production of
unconventional gas (IPAA, 2009). Meanwhile, traorsgrs are comprised of the pipeline
companies, while distributors are comprised ofltival distribution companies.

2.6.2 SizeDistribution of Firmsin Affected

As of 2007, there were 6,563 firms within the 211 Ahd 211112 NAICS codes, of
which 6427 (98 percent) were considered small lmssies (Table 2-16). Within NAICS 211111
and 211112, large firms compose about 2 percetitedfirms, but account for 59 percent of
employment and generate about 80 percent of egtthrateipts listed under the NAICS.

2-37



Table 2-16  SBA Size Standards and Size Distributioof Oil and Natural Gas Firms

SBA Size Small

NAICS NAICS Description Standard Firms Large Firms Total Firms
Number of Firms by Firm Size

211111 Crude Petroleum and Natural Gas Extraction 00 5 6,329 95 6,424
211112 Natural Gas Liquid Extraction 500 98 41 139
213111 Dirilling Oil and Gas Wells 500 2,010 49 305
486210 Pipeline Transportation of Natural Gas $7ilGon 61* 65* 126
Total Employment by Firm Size

211111 Crude Petroleum and Natural Gas Extraction 00 5 55,622 77,664 133,286
211112 Natural Gas Liquid Extraction 500 1,875 8,64 8,523
213111 Drilling Oil and Gas Wells 500 36,652 69,774 106,426
486210 Pipeline Transportation of Natural Gas $7ilGon N/A* N/A* 24,683

Estimated Receipts by Firm Size ($1000)
211111 Crude Petroleum and Natural Gas Extraction 00 5 44,965,936 149,141,316 194,107,252

211112 Natural Gas Liquid Extraction 500 2,164,32837,813,413 39,977,741
213111 Drilling Oil and Gas Wells 500 7,297,434 5B8,804 23,848,238
486210 Pipeline Transportation of Natural Gas $iillon N/A* N/A* 20,796,681

Note: *The counts of small and large firms in NAI&86210 is based upon firms with less than $7.5aniin
receipts, rather than the $7 million required by 8BA Size Standard. We used this value becau8eGénsus
reports firm counts for firms with receipts lesarnt$7.5 million. *Employment and receipts coulat be split
between small and large businesses because ofisddosilire requirements faced by the U.S. CensusaBur
Source: U.S. Census Bureau. 2010. “Number of FiNsnber of Establishments, Employment, Annual Pliyro
and Estimated Receipts by Enterprise Receipt 8izthé United States, All Industries: 2007.”
<http://www.census.gov/econ/sush/>

The small and large firms within NAICS 21311 amigarly distributed, with large firms
accounting for about 2 percent of firms, but 66cpat and 69 percent of employment and
estimated receipts, respectively. Because therestatively few firms within NAICS 486210,
the Census Bureau cannot release breakdowns & fiyrsize in sufficient detail to perform
similar calculation.
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2.6.3 Trendsin National Employment and Wages

As well as producing much of the U.S. energy supibly oil and natural gas industry
directly employs a significant number of peopleable 2-17 shows employment in oil and
natural gas-related NAICS codes from 1990 to 20D8e overall trend shows a decline in total
industry employment throughout the 1990s, hittingvaof 313,703 in 1999, but rebounding to a
2008 peak of 511,805. Crude Petroleum and NaGmal Extraction (NAICS 211111) and
Support Activities for Oil and Gas Operations (NAIR13112) employ the majority of workers
in the industry.

Table 2-17  Oil and Natural Gas Industry Employmentby NAICS, 1990-09

Crude
Petroleum Drilling of Support Pipeline
and Natural Natural Gas  Oil and Activities Pipeline Trans. of
Gas Liquid Natural for Oiland  Trans. of Natural

Extraction Extraction GasWells Gas Ops. Crude Oil Gas
Year (211111) (211112) (213111) (213112) (486110) (486210) Total
1990 182,848 8,260 52,365 109,497 11,112 47,533 ,6451
1991 177,803 8,443 46,466 116,170 11,822 48,643 ,3409
1992 169,615 8,819 39,900 99,924 11,656 46,226 13706,
1993 159,219 7,799 42,485 102,840 11,264 43,351 ,9386
1994 150,598 7,373 44,014 105,304 10,342 41,931 ,5829
1995 142,971 6,845 43,114 104,178 9,703 40,486 2977,
1996 139,016 6,654 46,150 107,889 9,231 37,519 4586,
1997 137,667 6,644 55,248 117,460 9,097 35,698 8341,
1998 133,137 6,379 53,943 122,942 8,494 33,861 7368,
1999 124,296 5,474 41,868 101,694 7,761 32,610 78383,
2000 117,175 5,091 52,207 108,087 7,657 32,374 5922,
2001 119,099 4,500 62,012 123,420 7,818 33,620 690,4
2002 116,559 4,565 48,596 120,536 7,447 31,556 2329,
2003 115,636 4,691 51,526 120,992 7,278 29,684 8829,
2004 117,060 4,285 57,332 128,185 7,073 27,340 2381,
2005 121,535 4,283 66,691 145,725 6,945 27,341 5202,
2006 130,188 4,670 79,818 171,127 7,202 27,685 6920,
2007 141,239 4,842 84,525 197,100 7,975 27,431 14@3,
2008 154,898 5,183 92,640 223,635 8,369 27,080 8651,
2009 155,150 5,538 67,756 193,589 8,753 26,753 5397,

Source: U.S. Bureau of Labor Statistics, Quart€dysus of Employment and Wages, 2011 ,
<http://lwww.bls.gov/cew/>
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Figure 2-13 Employment in Drilling of Oil and Natural Gas Wells (NAICS 213111), and
Total Oil and Natural Gas Wells Drilled, 1990-2009

Figure 2-13 compares employment in Drilling of @ild Natural Gas Wells (NAICS
213111) with the total number of oil and naturad geells drilled from 1990 to 2009. The figure
depicts a strong positive correlation between egmpknt in the sector with drilling activity.

This correlation also holds throughout the periodeted by the data.
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Figure 2-14 Employment in Crude Petroleum and Natual Gas Extraction (NAICS
211111) and Total Crude Oil and Natural Gas Produg¢on (boe), 1990-2009

Figure 2-14 compares employment in Crude PetrolandhNatural Gas Extraction
(NAICS 211111) with total domestic oil and natugak production from 1990 to 2009 in barrels
of oil equivalent terms. While until 2003, emplognt in this sector and total production
declined gradually, employment levels declined mrapdly. However, from 2004 to 2009
employment in Extraction recovered, rising to leva@milar to the early 1990s.
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Figure 2-15 Employment in Natural Gas Liquid Extradion (NAICS 211112),
Employment in Pipeline Transportation of Natural Gas (NAICS 486210), and Total
Natural Gas Production, 1990-2009

Figure 2-15 depicts employment in Natural Gas Iddxtraction (NAICS 211112),
Employment in Pipeline Transportation of Naturas@aAICS 486210), and Total Natural Gas
Production, 1990-2009. While total natural gadpiation has risen slightly over this time
period, employment in natural gas pipeline trantgimm has steadily declined to almost half of
its 1991 peak. Employment in natural gas liquittaotion declined from 1992 to a low in 2005,
then rebounded slightly from 2006 to 2009. Ovetawever, these trends depict these sectors
becoming decreasingly labor intensive, unlike teads depicted in Figure 2-13 and Figure
2-14.

From 1990 to 2009, average wages for the oil @tdral gas industry have increased.
Table 2-18 and Figure 2-16 show real wages (in 20&rs) from 1990 to 2009 for the NAICS
codes associated with the oil and natural gas tngus
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Table 2-18 Oil and Natural Gas Industry Average Wags by NAICS, 1990-2009 (2008
dollars)

Crude Support
Petroleum Drilling Activities
and Natural  Natural of Oiland for Oil and Pipeline Pipeline
Gas Gas Liquid  Natural Gas Transportation  Transportation

Extraction Extraction Gas Wells Operations  of Crude Oll of Natural Gas
Year (211111) (211112) (213111) (213112) (486110) (486210) Total
1990 71,143 66,751 42,215 45,862 68,044 61,568 689,4
1991 72,430 66,722 43,462 47,261 68,900 65,040 0&0,9
1992 76,406 68,846 43,510 48,912 74,233 67,120 264,2
1993 77,479 68,915 45,302 50,228 72,929 67,522 164,6
1994 79,176 70,875 44,577 50,158 76,136 68,516 4649
1995 81,433 67,628 46,243 50,854 78,930 71,965 466,4
1996 84,211 68,896 48,872 52,824 76,841 76,378 968,3
1997 89,876 79,450 52,180 55,600 78,435 82,775 131,8
1998 93,227 89,948 53,051 57,578 79,089 84,176 223,7
1999 98,395 89,451 54,533 59,814 82,564 94,471 789,0
2000 109,744 112,091 60,862 60,594 81,097 130,630 6,818
2001 111,101 111,192 61,833 61,362 83,374 122,386 5,338
2002 109,957 103,653 62,196 59,927 87,500 91,550 ,2382
2003 110,593 112,650 61,022 61,282 87,388 91,502 ,5582
2004 121,117 118,311 63,021 62,471 93,585 93,684 ,5286
2005 127,243 127,716 70,772 67,225 92,074 90,279 ,2920
2006 138,150 133,433 74,023 70,266 91,708 98,691 ,9284
2007 135,510 132,731 82,010 71,979 96,020 105,441 6,218
2008 144,542 125,126 81,961 74,021 101,772 99,215 9,108
2009 133,575 123,922 80,902 70,277 100,063 100,449 96,298

Source: U.S. Bureau of Labor Statistics, Quart€dysus of Employment and Wages, 2011 ,
<http://lwww.bls.gov/cew/>

Employees in the NAICS 211 codes enjoy the highestage wages in the industry, while
employees in the NAICS 213111 code have relatil@ler wages. Average wages in natural
gas pipeline transportation show the highest Vanatvith a rapid climb from 1990 to 2000,
more than doubling in real terms. However, sing@®wages have declined in the pipeline
transportation sector, while wages have risenenotiher NAICS.
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Figure 2-16 Oil and Natural Gas Industry Average Wages by NAICS, 1990-2009 ($2008)

2.6.4 Horizontal and Vertical I ntegration

Because of the existence of major companies, thesiny possesses a wide dispersion of
vertical and horizontal integration. The vertiaapects of a firm’s size reflect the extent to
which goods and services that can be bought fraisidmiare produced in house, while the
horizontal aspect of a firm’s size refers to thalsof production in a single-product firm or its
scope in a multiproduct one. Vertical integrativa potentially important dimension in
analyzing firm-level impacts because the regulationld affect a vertically integrated firm on
more than one level. The regulation may affectgannes for whom oil and natural gas
production is only one of several processes in vthe firm is involved. For example, a
company that owns oil and natural gas productigcilii@s may ultimately produce final
petroleum products, such as motor gasoline, jéf twéerosene. This firm would be considered
vertically integrated because it is involved in méman one level of requiring crude oil and
natural gas and finished petroleum products. Alleggn that increases the cost of oil and

natural gas production will ultimately affect thest of producing final petroleum products.

Horizontal integration is also a potentially imgort dimension in firm-level analyses for

any of the following reasons. A horizontally intaged firm may own many facilities of which
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only some are directly affected by the regulatiédalditionally, a horizontally integrated firm
may own facilities in unaffected industries. Ttyipe of diversification would help mitigate the
financial impacts of the regulation. A horizonyalhtegrated firm could also be indirectly as
well as directly affected by the regulation.

In addition to the vertical and horizontal integpatthat exists among the large firms in
the industry, many major producers often diversiithin the energy industry and produce a
wide array of products unrelated to oil and gasipotion. As a result, some of the effects of
regulation of oil and gas production can be miegat demand for other energy sources moves

inversely compared to petroleum product demand.

In the natural gas sector of the industry, vertictdgration is less predominant than in
the oil sector. Transmission and local distribotod natural gas usually occur at individual
firms, although processing is increasing perforigdhe integrated major companies. Several
natural gas firms operate multiple facilities. Howe natural gas wells are not exclusive to
natural gas firms only. Typically wells produce Ibail and gas and can be owned by a natural

gas firm or an oil company.

Unlike the large integrated firms that have sevprafit centers such as refining,
marketing, and transportation, most independents tarely only on profits generated at the
wellhead from the sale of oil and natural gas erglovision of oil and gas production-related
engineering or financial services. Overall, indegent producers typically sell their output to
refineries or natural gas pipeline companies aedat vertically integrated. Independents may

also own relatively few facilities, indicating lited horizontal integration.

2.6.5 Firm-leval Information

The annuaOil and Gas Journa(OGJ) survey, the OGJ150, reports financial and
operating results for top 150 public oil and natgeas companies with domestic reserves and
headquarters in the U.S. In the past, the sumpgrted information on the top 300 companies,

now the top 150. In 2010, only 137 companiesiated. Table 2-19 lists selected statistics for

% 0il and Gas Journal. “OGJ150 Financial Results Daw09; Production, Reserves Up.” September 6020
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the top 20 companies in 2010. The results presentie: table reflect relatively lower

production and financial figures as a result ofebenomic recession of this period.

Total earnings for the top 137 companies fell fra008 to 2009 from $71 billion to $27
billion, reflecting the weak economy. Revenuestf@se companies also fell 35 percent during
this period. 69 percent of the firms posted nssés in 2009, compared to 46 percent one year

earlier Qil and Gas JournalSeptember 6, 2010).

The total worldwide liquids production for the 1fms declined 0.5 percent to 2.8
billion bbl, while total worldwide gas productionareased about 3 percent to a total of 16.5 tcf
(Oil and Gas JournalSeptember 6, 2010). Meanwhile, the 137 firmshenOGJ list increased
both oil and natural gas production and resenas 2008 to 2009. Domestic production of
liquids increased about 7 percent to 1.1 billioh Bbd natural gas production increased to 10.1
tcf. For context, the OGJ150 domestic crude prodacepresents about 57 percent of total
domestic production (1.9 billion bbl, accordinggt?). The OGJ150 natural gas production
represents about 54 percent of total domestic mtaiu(18.8 tcf, according to EIA).

The OGJ also releases a period report entitled [fMade Gas Processing Survey”,
which provides a wide range of information on arigtprocessing facilities. We used a recent
list of U.S. gas processing facilitie®i{ and Gas JournalJune 7, 2010) and other resources,
such as the American Business Directory and compeaigites, to best identify the parent
company of the facilities. As of 2009, there ar® §as processing facilities in the U.S., with a
processing capacity of 73,767 million cubic feet g@y and throughout of 45,472 million cubic
feet per day (Table 2-20). The overall trend i§\gas processing capacity is showing fewer,
but larger facilities. For example, in 1995, thesere 727 facilities with a capacity of 60,533
million cubic feet per day (U.S. DOE, 2006).

Trends in gas processing facility ownership are alsowing a degree of concentration,
as large firms own multiple facilities, which alsmnd to be relatively large facilities (Table
2-20). While we estimate 142 companies own fHefacilities, the top 20 companies (in terms
of total throughput) own 264 or 46 percent of theilities. That larger companies tend to own
larger facilities is indicated by these top 20 #rowning 86 percent of the total capacity and 88

percent of actual throughput.
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Table 2-19  Top 20 Oil and Natural Gas Companies (Ba&d on Total Assets), 2010
Worldwide
Production U.S. Production
Rank by Total NetInc. Liquids Natural Liquids Natural Net
Total Total Assets Rev. ($ (% (Million Gas (Million Gas Wells
Assets Company Employees($ millions) millions) millions) bbl) (Bcf) bbl) (Bcf) Drilled

1 ExxonMobil Corp. 102,700 233,323 310,586 19,280 725 2,383 112 566 466

2 Chevron Corp. 64,000 164,621 171,636 10,563 674 1,821 177 511 94 5
3 ConocoPhillips 30,000 152,588 152,840 4,858 341 1,906 153 850 2 69
4 Anadarko Petroleum Corp. 4,300 50,123 9,000 -103 88 817 63 817 630
5 Marathon Oil Corp. 28,855 47,052 54,139 1,463 90 351 23 146 115
6 Occidental Petroleum Corp. 10,100 44,229 15,531 2,915 179 338 99 232 260
7 XTO Energy Inc. 3,129 36,255 9,064 2,019 32 855 32 855 1,059
8 Chesapeake Energy Corp. 8,200 29,914 7,702 -5,805 12 835 12 835 1,003
9 Devon Energy Corp. 5,400 29,686 8,015 -2,479 72 966 43 743 521
10 Hess Corp. 13,300 29,465 29,569 740 107 270 26 39 48
11 Apache Corp. 3,452 28,186 8,615 -284 106 642 35 243 124
12 El Paso Corp. 4,991 22,505 4,631 -539 6 219 6 215 134
13 EOG Resources Inc. 2,100 18,119 14,787 547 29 617 26 422 652
14 Murphy Oil Corp. 8,369 12,756 18,918 838 48 68 6 20 3
15 Noble Energy Inc. 1,630 11,807 2,313 -131 29 285 17 145 540
16 Williams Cos. Inc. 4,801 9,682 2,219 400 0 3435 0 3435 488
17 Questar Corp. 2,468 8,898 3,054 393 4 169 4 169 194
18 Pioneer Nat. Resources Co. 1,888 8,867 1,712 -52 19 157 17 148 67
19 Plains Expl. & Prod. Co. 808 7,735 1,187 136 18 78 18 78 53
20 Petrohawk Energy Corp. 469 6,662 41,084 -1,025 2 174 2 174 162

SourceQil and Gas Journal*OGJ150 Financial Results Down in '09; Producti@eserves Up.” September 6, 2010.
Notes: The source for employment figures is the Acam Business Directory.
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Table 2-20  Top 20 Natural Gas Processing Firms (Bad on Throughput), 2009

Natural Gas Natural Gas
Processing Capacity Throughput
Rank Company Plants (No.) (MMcf/day) (MMcf/day)
1 BP PLC 19 13,378 11,420
2 DCP Midstream Inc. 64 9,292 5,586
3 Enterprise Products Operating LP— 23 10,883 5,347
4 Targa Resources 16 4,501 2,565
5 Enbridge Energy Partners LP— 19 3,646 2,444
6 Williams Cos. 10 4,826 2,347
7 Martin Midstream Partners 16 3,384 2,092
8 Chevron Corp. 23 1,492 1,041
9 Devon Gas Services LP 6 1,038 846
10 ExxonMobil Corp. 6 1,238 766
11 Occidental Petroleum Corp 7 776 750
12 Kinder Morgan Energy Partners 9 1,318 743
13 Enogex Products Corp. 8 863 666
14 Hess Corp. 3 1,060 613
15 Norcen Explorer 1 600 500
16 Copano Energy 1 700 495
17 Anadarko 18 816 489
18 Oneok Field Services 10 1,751 472
19 Shell 4 801 446
20 DTE Energy 1 800 400
TOTAL FOR TOP 20 264 63,163 40,028
TOTAL FOR ALL COMPANIES 579 73,767 45,472

SourceQOil and Gas Journal“Special Report: Worldwide Gas Processing: NeanB, Data Push Global Gas
Processing Capacity Ahead in 2009.” June 7, 20ith, additional analysis to determine ultimate ovaidp of
plants.

The OGJ also issues a periodic report on the ecmsarhthe U.S. pipeline industry.
This report examines the economic status of albmajd non-major natural gas pipeline
companies, which amounts to 136 companies in 20iGa0d Gas JournalNovember 1, 2010).
Table 2-21 presents the pipeline mileage, voluniesitural gas transported, operating revenue,
and net income for the top 20 U.S. natural gaslip@eompanies in 2009. Ownership of gas
pipelines is mostly independent from ownershipib&ind gas production companies, as is seen
from the lack of overlap between the OGJ list gigine companies and the OGJ150. This
observation shows that the pipeline industry i§latigely based upon firms serving regional

market.

The top 20 companies maintain about 63 perceriteofdtal pipeline mileage and

transport about 54 percent of the volume of theistiy (Table 2-21). Operating revenues of the

2-48



top 20 companies equaled $11.5 billion, represgr@hpercent of the total operating revenues
for major and non-major companies. The top 20 amgs also account for 64 percent of the

net income of the industry.

Table 2-21  Performance of Top 20 Gas Pipeline Compgs (Based on Net Income), 2009

Vol. trans
Transmission for others Op. Rev. Net
Rank Company (miles) (MMcf) (thousand $) Income

1 Natural Gas Pipeline Co of America 9,312 1,966,77 1,131,548 348,177
2 Dominion Transmission Inc. 3,452 609,193 833,7 212,365
3 Columbia Gas Transmission LLC 9,794 1,249,188 96,437 200,447
4 Panhandle Eastern Pipe Line Co. LP 5,894 675,616 377,563 196,825
5 Transcontinental Gas Pipe Line Co. LLC 9,362 2,295 1,158,665 192,830
6 Texas Eastern Transmission LP 9,314 1,667,593 70,882 179,781
7 Northern Natural Gas Co. 15,028 922,745 690,863171,427
8 Florida Gas Transmission Co. LLC 4,852 821,297 0,621 164,792
9 Tennessee Gas Pipeline Co. 14,113 1,704,976 2B20 147,378
10 Southern Natural Gas Co. 7,563 867,901 510,500137,460
11 El Paso Natural Gas Co. 10,235 1,493,213 592,503126,000
12 Gas Transmission Northwest Corp. 1,356 809,206 216,526 122,850
13 Rockies Express Pipeline LLC 1,682 721,840 , 555 117,243
14 CenterPoint Energy Gas Transmission Co. 6,162 2921931 513,315 116,979
15 Colorado Interstate Gas Co. 4,200 839,184 5394, 108,483
16 Kern River Gas Transmission Co. 1,680 789,858 1,951 103,430
17 Trunkline LNG Co. LLC — — 134,150 101,920
18 Northwest Pipeline GP 3,895 817,832 434,379 49,3
19 Texas Gas Transmission LLC 5,881 1,006,906 ARG 91,575
20 Algonquin Gas Transmission LLC 1,128 388,366 ,28Y 82,472

TOTAL FOR TOP 20 124,903 21,097,914 11,510,401 2B,074

TOTAL FOR ALL COMPANIES 198,381 38,793,532 18,9824 4,724,456

SourceOil and Gas Journal“Natural Gas Pipelines Continue Growth DespitevepEarnings; Oil Profits Grow.”
November 1, 2010.

2.6.6 Financial Performance and Condition
From a broad industry perspective, the EIA FindrReporting System (FRS) collects

financial and operating information from a subdethe U.S. major energy producing
companies. This information is used in annual refpoCongress, as well as is released to the
public in aggregate form. While the companies tepbrt information to FRS each year

changes, EIA makes an effort to retain sufficieamngistency such that trends can be evaluated.
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For 2008, there are 27 companies in the FRf&t accounted for 41 percent of total U.S. crude
oil and NGL production, 43 percent of natural gesdpiction, 77 percent of U.S. refining
capacity, and 0.2 percent of U.S. electricity remayation (U.S. EIA, 2010). Table 2-22 shows a
series of financial trends in 2008 dollars seleeted aggregated from FRS firms’ financial
statements. The table shows operating revenuesxgmhses rising significantly from 1990 to
2008, with operating income (the difference betwep@rating revenues and expenses) rising as
well. Interest expenses remained relatively flatrey this period. Meanwhile, recent years have
shown that other income and income taxes have glayaore significant role for the industry.
Net income has risen as well, although 2008 saechre from previous periods, as oil and

natural gas prices declined significantly during katter half of 2008.

Table 2-22  Selected Financial Items from Income Staments (Billion 2008 Dollars)

Operating  Operating  Operating Interest Other Income

Year Revenues  Expenses Income Expense Income* Taxes Net Income

1990 766.9 706.4 60.5 16.8 13.6 24.8 325
1991 673.4 635.7 37.7 14.4 13.4 15.4 21.3
1992 670.2 637.2 33.0 12.7 -5.6 12.2 2.5
1993 621.4 586.6 34.8 11.0 10.3 12.7 215
1994 606.5 565.6 40.9 10.8 6.8 14.4 22.5
1995 640.8 597.5 43.3 111 12.9 17.0 28.1
1996 706.8 643.3 63.6 9.1 13.4 26.1 41.8
1997 673.6 613.8 59.9 8.2 13.4 23.9 41.2
1998 614.2 594.1 20.1 9.2 11.0 6.0 15.9
1999 722.9 682.6 40.3 10.9 12.7 13.6 28.6
2000 1,114.3 1,011.8 102.5 12.9 18.4 42.9 65.1
2001 961.8 880.3 81.5 10.8 7.6 33.1 45.2
2002 823.0 776.9 46.2 12.7 7.9 17.2 24.3
2003 966.9 872.9 94.0 10.1 195 37.2 66.2
2004 1,188.5 1,051.1 137.4 12.4 20.1 54.2 90.9
2005 1,447.3 1,263.8 183.5 11.6 34.6 77.1 129.3
2006 1,459.0 1,255.0 204.0 12.4 41.2 94.8 138.0
2007 1,475.0 1,297.7 177.3 11.1 47.5 86.3 127.4
2008 1,818.1 1,654.0 164.1 11.4 32.6 98.5 86.9

Source: Energy Information Administration, Form E28 (Financial Reporting System). * Other Incomeludes
other revenue and expense (excluding interest egdediscontinued operations, extraordinary iteans,
accounting changes. Totals may not sum due tamtbent rounding.

* Alenco, Anadarko Petroleum Corporation, ApachepBaation, BP America, Inc., Chesapeake Energy
Corporation, Chevron Corporation, CITGO Petroleuongdration, ConocoPhillips, Devon Energy Corponatio
El Paso Corporation, EOG Resources, Inc., EquitBEources, Inc., Exxon Mobil Corporation, Hess
Corporation, Hovensa, Lyondell Chemical Corporatidarathon Oil Corporation, Motiva Enterprises, ICL,
Occidental Petroleum Corporation, Shell Oil Comp&aynoco, Inc., Tesoro Petroleum Corporation, The
Williams Companies, Inc., Total Holdings USA, In¢alero Energy Corp., WRB Refining LLC, and XTO
Energy, Inc.
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Table 2-23 shows in percentage terms the estimmatach on investments for a variety of
business lines, in 1998, 2003, and 2008, for FR&peamies. For U.S. petroleum-related
business activities, oil and natural gas produdtas remained the most profitable line of
business relative to refining/marketing and pipedinsustaining a return on investment greater
than 10 percent for the three years evaluatedurReto foreign oil and natural gas production
rose above domestic production in 2008. Electoiwgr generation and sales emerged in 2008

as a highly profitable line of business for the Fé&®&panies.

Table 2-23  Return on Investment for Lines of Business (all FRE for 1998, 2003, and
2008 (percent)

Line of Business 1998 2003 2008
Petroleum 10.8 13.4 12.0
U.S. Petroleum 10 13.7 8.2
Oil and Natural Gas Production 12.5 16.5 710.
Refining/Marketing 6.6 9.3 2.6
Pipelines 6.7 115 2.4
Foreign Petroleum 11.9 13.0 17.8
Oil and Natural Gas Production 125 14.2 316.
Refining/Marketing 10.6 8.0 26.3
Downstream Natural Gas* - 8.8 5.1
Electric Power* - 5.2 181.4
Other Energy 7.1 2.8 2.1
Non-energy 10.9 2.4 -5.3

Source: Energy Information Administration, Form E28 (Financial Reporting System). Note: Return on
investment measured as contribution to net incoetéfvestment in place. * The downstream natuaal and
electric power lines of business were added td=ti#e28 survey form beginning with the 2003 repagtiyear.

The oil and natural gas industry also producesifstgnt tax revenues for local, state,
and federal authorities. Table 2-24 shows inconteoduction tax trends from 1990 to 2008
for FRS companies. The column with U.S. federtakes and local taxes paid or accrued
includes deductions for the U.S. Federal InvestriiantCredit ($198 million in 2008) and the
effect of the Alternative Minimum Tax ($34 millidn 2008). Income taxes paid to state and
local authorizes were $3,060 million in 2008, abbBipercent of the total paid to U.S.
authorities.
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Table 2-24  Income and Production Taxes, 1990-2008i{lion 2008 Dollars)

Other Non-
U.S. Federal, State, Income

and Local Taxes Paid Total Income Production

Year or Accrued Total Current Total Deferred Tax Expense Taxes Paid
1990 9,568 25,056 -230 24,826 4,341
1991 6,672 18,437 -3,027 15,410 3,467
1992 4,994 16,345 -4,116 12,229 3,097
1993 3,901 13,983 -1,302 12,681 2,910
1994 3,348 13,556 887 14,443 2,513
1995 6,817 17,474 -510 16,965 2,476
1996 8,376 22,493 3,626 26,119 2,922
1997 7,643 20,764 3,141 23,904 2,743
1998 1,199 7,375 -1,401 5,974 1,552
1999 2,626 13,410 140 13,550 2,147
2000 14,308 36,187 6,674 42,861 3,254
2001 10,773 28,745 4,351 33,097 3,042
2002 814 17,108 46 17,154 2,617
2003 9,274 30,349 6,879 37,228 3,636
2004 19,661 50,185 4,024 54,209 3,990
2005 29,993 72,595 4,529 77,125 5,331
2006 29,469 85,607 9,226 94,834 5,932
2007 28,332 84,119 2,188 86,306 7,501
2008 23,199 95,590 2,866 98,456 12,507

Source: Energy Information Administration, Form E28 (Financial Reporting System).

The difference between total current taxes and féd®ral, state, and local taxes in
includes taxes and royalties paid to foreign caestr As can be seen in Table 2-24, foreign
taxes paid far exceeds domestic taxes paid. @threincome production taxes paid, which have
risen almost three-fold between 1990 and 2008udelvindfall profit and severance taxes, as
well as other production-related taxes.
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3 EMISSIONS AND ENGINEERING COSTS

3.1 Introduction

This section includes three sets of discussionbdtin the proposed NSPS and NESHAP
amendments:

 Emission Sources and Points
» Emissions Control Options

* Engineering Cost Analysis
3.2 Emissions Points, Controls, and Engineering Costsralysis

This section discusses the emissions points alhatipa control options for the proposed
NSPS and NESHAP amendments. This discussion afsgmnis points and control options is
meant to assist the reader of the RIA in betteetstdnding the economic impact analysis.
However, we provide reference to the detailed teathmemoranda prepared by the Office of
Air Quality Planning and Standards (OAQPS) for itsader interested in a greater level of detail.
This section also presents the engineering cosysisawhich provides a cost basis for the
energy system, welfare, employment, and small legsianalyses.

Before going into detail on emissions points anlufion controls, it is useful to provide
estimates of overall emissions from the crude md matural industry to provide context for
estimated reductions as a result of the regulaiptypns evaluated. To estimate VOC emissions
from the oil and gas sector, we modified the eroissiestimate for the crude oil and natural gas
sector in the 2008 National Emissions Inventory NBuring this review, EPA identified VOC
emissions from natural gas sources which are likehtively under-represented in the NEI,
natural gas well completions primarily. Crudeanld natural gas sector VOC emissions
estimated in the 2008 NEI total approximately ImmiBion tons. Of these emissions, the NEI
identifies about 21 thousand tons emitted from rahigas well completion processes. We
substituted the estimates of VOC emissions frommgas well completions estimated as part
of the engineering analysis (510,000 tons, whiafissussed in more detail in the next section),
bringing the total estimated VOC emissions fromdhele oil and natural gas sector to about
2.24 million tons VOC.



The Inventory of U.S. Greenhouse Gas EmissionsSamics: 1990-2009 (published April
2011) estimates 2009 methane emissions from Petrodend Natural Gas Systems (not
including petroleum refineries and petroleum tramsgiion) to be 251.55 (MMtC£e). Itis
important to note that the 2009 emissions estinfabes well completions and recompletions
exclude a significant number of wells completedight sand plays and the Marcellus Shale, due
to availability of data when the 2009 Inventory wigseloped. The estimate in this proposal
includes an adjustment for tight sand plays andvhecellus Shale, and such an adjustment is
also being considered as a planned improvemeregxhyear's Inventory. This adjustment would

increase the 2009 Inventory estimate by about 80tGAD4-e to approximately 330 MMtCg&e.

3.2.1 Emission Points and Pollution Controls assessed in the RIA

3.2.1.1 NSPS Emission Points and Pollution Controls

A series of emissions controls were evaluated asopehe NSPS review. This section provides
a basic description of possible emissions sounedgdlae controls evaluated for each source to
facilitate the reader’s understanding of the ecanompact and benefit analyses. The reader
who is interested in more technical detail on thgieering and cost basis of the analysis is
referred to the relevant chapters within the Techirfbupport Document (TSD) which is
published in the Docket. The chapters are alssreated below. EPA is soliciting public
comment and data relevant to several emissiontetkeissues related to the proposed NSPS.
The comments we receive during the public commeriog will help inform the rule

development process as we work toward promulgatifigal action.

Centrifugal and reciprocating compressorgTSD Chapter 6) There are many locations
throughout the oil and gas sector where compressioatural gas is required to move the gas
along the pipeline. This is accomplished by corspoes powered by combustion turbines,
reciprocating internal combustion engines, or elechotors. Turbine-powered compressors use
a small portion of the natural gas that they corspte fuel the turbine. The turbine operates a
centrifugal compressor, which compresses and puingosatural gas through the pipeline.
Sometimes an electric motor is used to turn a ifeged compressor. This type of compression
does not require the use of any of the naturafrgas the pipeline, but it does require a source of

electricity. Reciprocating spark ignition engirage also used to power many compressors,
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referred to as reciprocating compressors, singedbmpress gas using pistons that are driven by

the engine. Like combustion turbines, these ersgame fueled by natural gas from the pipeline.

Both centrifugal and reciprocating compressorssatgces of VOC emissions, and EPA
evaluated compressors for coverage under the N&RStrifugal compressors require seals
around the rotating shaft to prevent gases frorapsg where the shaft exits the compressor
casing. The seals in some compressors use oilhvig@rculated under high pressure between
three rings around the compressor shaft, formibgrder against the compressed gas leakage.
Very little gas escapes through the oil barriet,donsiderable gas is absorbed by the oil. Seal
oil is purged of the absorbed gas (using heatas tanks, and degassing techniques) and
recirculated, and the gas is commonly vented t@athmsphere. These are commonly called
“wet” seals. An alternative to a wet seal systerthe mechanical dry seal system. This seal
system does not use any circulating seal oil. $&3ls operate mechanically under the opposing
force created by hydrodynamic grooves and staéisqure. Fugitive VOC is emitted from dry
seals around the compressor shaft. The use afadrgeals substantially reduces emissions. In

addition, they significantly reduce operating castd enhance compressor efficiency.

Reciprocating compressors in the natural gas ingllestk natural gas during normal
operation. The highest volume of gas loss is aatamtwith piston rod packing systems.
Packing systems are used to maintain a tight seahd the piston rod, preventing the gas
compressed to high pressure in the compressordeyliinom leaking, while allowing the rod to
move freely. Monitoring and replacing compressat packing systems on a regular basis can

greatly reduce VOC emissions.

Equipment leaks(TSD Chapter 8)Equipment leaks are fugitive emissions emanatiow f
valves, pump seals, flanges, compressor sealsyreeelief valves, open-ended lines, and other
process and operation components. There aread@atential reasons for equipment leak
emissions. Components such as pumps, valves upeasdief valves, flanges, agitators, and
compressors are potential sources that can leakodsemal failure. Other sources, such as open-
ended lines, and sampling connections may leakefmsons other than faulty seals. In addition,
corrosion of welded connections, flanges, and \satuay also be a cause of equipment leak

emissions. Because of the large number of vajuasps, and other components within an oil
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and gas production, processing, and transmissmlityaequipment leaks of volatile emissions
from these components can be significant. Nagaalprocessing plants, especially those using
refrigerated absorption, and transmission statiend to have a large number of components.
These types of equipment also exist at producites and gas transmission/compressor stations.
While the number of components at individual traisson/compressor stations is relatively
smaller than at processing plants, collectivelydgrere many components that can result in
significant emissions. Therefore, EPA evaluatedPS%$or equipment leaks for facilities in the
production segment of the industry, which includesrything from the wellhead to the point

that the gas enters the processing plant or refiner

Pneumatic controllers(TSD Chapter 5): Pneumatic controllers are autethatstruments used
for maintaining a process condition such as lidewetl, pressure, delta-pressure, and
temperature. Pneumatic controllers are widely uséde oil and natural gas sector. In many
situations, the pneumatic controllers used in thara gas sector make use of the available
high-pressure natural gas to regulate tempergtoessure, liquid level, and flow rate across all
areas of the industry. In these “gas-driven” pnaticrcontrollers, natural gas may be released
with every valve movement or continuously from tiadéve control pilot. Not all pneumatic
controllers are gas driven. These “non-gas driy@r€umatic controllers use sources of power
other than pressurized natural gas. Examplesdediolar, electric, and instrument air. At oil
and gas locations with electrical service, non dyagn controllers are typically used. Gas-
driven pneumatic controllers are typically charaetz as “high-bleed” or “low-bleed”, where a
high-bleed device releases at least 6 cubic fegasiper hour. EPA evaluated the impact of

requiring low-bleed controllers.

Storage vessel§TSD Chapter 7): Crude oil, condensate, and predwvater are typically

stored in fixed-roof storage vessels. Some vessed for storing produced water may be open-
top tanks. These vessels, which are operatedraasratmospheric pressure conditions, are
typically located at tank batteries. A tank battesfers to the collection of process equipment
used to separate, treat, and store crude oil, c@ade, natural gas, and produced water. The
extracted products from productions wells entertéim& battery through the production header,

which may collect product from many wells. Emissdrom storage vessels are a result of



working, breathing, and flash losses. Workingdésssccur due to the emptying and filling of
storage tanks. Breathing losses are the releagasadssociated with daily temperature
fluctuations and other equilibrium effects. Flés$ses occur when a liquid with entrained gases
is transferred from a vessel with higher pressoie vessel with lower pressure, thus allowing
entrained gases or a portion of the liquid to vegaoor flash. In the oil and natural gas
production segment, flashing losses occur whendiude oils or condensates flow into a storage
tank from a processing vessel operated at a hglessure. Typically, the larger the pressure
drop, the more flashing emission will occur in #terage stage. The two ways of controlling
tanks with significant emissions would be to inséavapor recovery unit (VRU) and recover all

the vapors from the tanks or to route the emissiiam the tanks to a control device.

Well completions(TSD Chapter 4): In the oil and natural gas seetetl completions contain
multi-phase processes with various sources of emniss One specific emission source during
completion activities is the venting of natural gashe atmosphere during flowback. Flowback
emissions are short-term in nature and occur agecfg event during completion of a new well
or during activities that involve re-drilling or-feacturing an existing well. Well completions
include multiple steps after the well bore hole tesched the target depth. These steps include
inserting and cementing-in well casing, perforating casing at one or more producing
horizons, and often hydraulically fracturing onenmore zones in the reservoir to stimulate

production.

Hydraulic fracturing is one completion step fomiraving gas production where the
reservoir rock is fractured with very high pressilue, typically water emulsion with proppant
(generally sand) that “props open” the fracturesrdfuid pressure is reduced. Emissions are a
result of the backflow of the fracture fluids ams$ervoir gas at high velocity necessary to lift
excess proppant to the surface. This multi-phag&une is often directed to a surface
impoundment where natural gas and VOC vapors edoape atmosphere during the collection
of water, sand, and hydrocarbon liquids. As thetfire fluids are depleted, the backflow
eventually contains more volume of natural gas ftbenformation. Thus, we estimate
completions involving hydraulic fracturing vent stdntially more natural gas, approximately

230 times more, than completions not involving laydic fracturing. Specifically, we estimate



that uncontrolled well completion emissions foryafaulically fractured well are about 23 tons
of VOC, where emissions for a conventional gas wethpletion are around 0.1 ton VOC. Our
data indicate that hydraulically fractured well¥&aigher emissions but we believe some wells
that are not hydraulically fractured may have hrgtraissions than our data show, or in some

cases, hydraulically fractured wells could havedoemissions that our data show.

Reduced emission completions, which are sometrefesred to as “green completions”
or “flareless completions,” use equipment at thél site to capture and treat gas so it can be
directed into the sales line and avoid emissioosfrenting. Equipment required to conduct a
reduced emissions completion may include tankgmgsial gas-liquid-sand separator traps, and
gas dehydration. Equipment costs associated etthaed emission completions will vary from
well to well. Based on information provided to tBBA Natural Gas STAR program, 90 percent
of gas potentially vented during a completion carrdrovered during a reduced emission

completion.

3.2.1.2 NESHAP Emission Points and Pollution Controls

A series of emissions controls will be required emithe proposed NESHAP
Amendments. This section provides a basic deseniglf potential sources of emissions and the
controls intended for each to facilitate the readenderstanding of the economic impacts and
subsequent benefits analysis section. The readeinisinterested in more technical detail on the
engineering and cost basis of the analysis isnedp the relevant technical memos which are
published in the Docket. The memos are also retec: below.

Glycol dehydrators® Once natural gas has been separated from anigl ligaterials or products
(e.g., crude oil, condensate, or produced wates)dual entrained water is removed from the
natural gas by dehydration. Dehydration is necgdsecause water vapor may form hydrates,
which are ice-like structures, and can cause cammas or plug equipment lines. The most

widely used natural gas dehydration processeslyrelglehydration and solid desiccant

®> Memorandum. Brown, Heather, EC/R Incorporated®nace Moore and Greg Nizich, EPA/OAQPS/SPPD/FIG.
Oil and Natural Gas Production MACT and Natural Geansmission and Storage MACT - Glycol Dehydrators
Impacts of MACT Review Options. July 17,2011.
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dehydration. Solid desiccant dehydration, whictygscally only used for lower throughputs,
uses adsorption to remove water and is not a sainddP emissions. Glycol dehydration is an
absorption process in which a liquid absorbent@lydirectly contacts the natural gas stream
and absorbs any entrained water vapor in a cotdgaer or absorption column. The rich glycol,
which has absorbed water vapor from the naturakttaam, leaves the bottom of the absorption
column and is directed either to (1) a gas conderglgicol separator (GCG separator or flash
tank) and then a reboiler or (2) directly to a rikdvavhere the water is boiled off of the rich
glycol. The regenerated glycol (lean glycol) iccalated, by pump, into the absorption tower.
The vapor generated in the reboiler is directetthéoreboiler vent. The reboiler vent is a source
of HAP emissions. In the glycol contact tower,agliynot only absorbs water but also absorbs
selected hydrocarbons, including BTEX and n-hexartee hydrocarbons are boiled off along

with the water in the reboiler and vented to theasphere or to a control device.

The most commonly used control device is a conderSendensers not only reduce
emissions, but also recover condensable hydrocaroors that can be recovered and sold. In
addition, the dry non-condensable off-gas fromdtxedenser may be used as fuel or recycled
into the production process or directed to a flareinerator, or other combustion device.

If present, the GCG separator (flash tank) is alpotential source of HAP emissions.
Some glycol dehydration units use flash tanks godhe reboiler to separate entrained gases,
primarily methane and ethane from the glycol. Tash tank off-gases are typically recovered
as fuel or recycled to the natural gas productieader. However, the flash tank may also be
vented directly to the atmosphere. Flash tanke&ly enhance the reboiler condenser’s
emission reduction efficiency by reducing the caonicgion of non-condensable gases present in

the stream prior to being introduced into the coisee.

Storage vesselsPlease see the discussion of storage vessels NSRS section above.

3.2.2 Engineering Cost Analysis

In this section, we provide an overview of the eegring cost analysis used to estimate
the additional private expenditures industry makenia order to comply with the proposed



NSPS and NESHAP amendments. A detailed discussithe methodology used to estimate
cost impacts is presented in series of memos fdalign the Docket as part of the TSD.

3.2.2.1 NSPS Sources

Table 3-1 shows the emissions sources, points¢camntiols analyzed in three NSPS
regulatory options, which we term Option 1, Optiyrand Option 3. Option 2 was selected for
proposal. The proposed Option 2 contains redunesgsgon completion (REC) and completion
combustion requirements for a subset of newlyettihatural gas wells that are hydraulically
fractured. Option 2 also requires a subset ofsatbtht are worked over, or recompleted, using
hydraulic fracturing to implement RECs. The pragab©ption 2 requires emissions reductions
from reciprocating compressors at gathering andtog stations, processing plants,
transmission compressor stations, and undergraionaige facilities. The proposed Option 2
also requires emissions reductions from centrifegahpressors, processing plants, and
transmission compressor stations. Finally, the@psed Option 2 requires emissions reductions
from pneumatic controllers at oil and gas productaxilities and natural gas transmission and

storage and reductions from high throughput stovagsels.



Table 3-1 Emissions Sources, Points, and Controladluded in NSPS Options

Option 2

Emissions Sources and Points Emissions Control oDdti
(proposed)

Option 3

Well Completions of Post-NSPS Wells

Hydraulically Fractured Gas Wells that
Meet Criteria for Reduced Emissions  REC X X X
Completion (REC)

Hydraulically Fractured Gas Wells that

Do Not Meet Criteria for REC Combustion X X X
Conventional Gas Wells Combustion
Oil Wells Combustion

Well Recompletions

Hydraulically Fractured Gas Wells (post-R

NSPS wells) EC X X X
Hgggu\:\iﬁg Fractured Gas Wells (pre REC X X
Conventional Gas Wells Combustion

Oil Wells Combustion

Equipment Leaks

Well Pads NSPS Subpart VV X
Gathering and Boosting Stations NSPS Subpart VV X
Processing Plants NSPS Subpart VVa X X
Transmission Compressor Stations NSPS Subpart VV X

Reciprocating Compressors

Annual Monitoring/

Wwell Pads Maintenance (AMM)

Gathering/Boosting Stations AMM X X X

Processing Plants AMM X X X

Transmission Compressor Stations AMM X X X

Underground Storage Facilities AMM X X X
Centrifugal Compressors

Processing Plants gznsrglals/Route to Process or X X X

Transmission Compressor Stations gznsrglals/Route to Process or X X X
Pneumatic Controllers -

Oil and Gas Production Low Bleed/Route to Process X X X

Natural Gas Transmission and Storage Low Bleeatdrtw Process X X X
Storage Vessels

High Throughput 95% control X X X

Low Throughput 95% control
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The distinction between Option 1 and the proposptiod 2 is the inclusion of
completion combustion and REC requirements formgaetions at existing wells and an
equipment leak standard for natural gas proceggargs in Option 2. Option 2 requires the
implementation of completion combustion and RECefaisting wells as well as wells
completed after the implementation date of the psed NSPS. Option 1 applies the
requirement only to new wells, not existing wellthe main distinction between proposed
Option 2 and Option 3 is the inclusion of a suiteguipment leak standards. These equipment
leak standards would apply at well pads, gathesimgjboosting stations, and transmission
compressor stations. Option 1 differs from Opfoin that it does not include the combustion

and REC requirements at existing wells or theduite of equipment leak standards.

Table 3-2 summarizes the unit level capital ancuahped costs for the evaluated NSPS
emissions sources and points. The detailed déseripf costs estimates is provided in the
series of technical memos included in the TSD éndbcument, as referenced in Section 3.2.1 of
this RIA. The table also includes the projectethbar of affected units. Four issues are
important to note on Table 3-2: the approach taiahnng costs, the projection of affected units
in the baseline; that capital and annualized cast®quated for RECs; and additional natural gas
and hydrocarbon condensates that would otherwiseniged to the environment are recovered

from several control options evaluated in the N&R&ew.

First, engineering capital costs were annualizéolgus 7 percent interest rate. However,
different emissions control options were annualiasthg expected lifetimes that were
determined to be most appropriate for individudiays. For control options evaluated for the

NSPS, the following lifetimes were used:

* Reduced emissions completions and combustion devicgear (more discussion of the
selection of a one-year lifetime follows in thixsen momentarily)

* Reciprocatingcompressors: 3 years

» Centrifugal compressors and pneumatic controllEdsyears
» Storage vessels: 15 years

* Equipment leaks: 5 to 10 years, depending on speahtrol
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To estimate total annualized engineering complianosts, we added the annualized costs
of each item without accounting for different exjgeclifetimes. An alternative approach would
be to establish an overall, representative pradjewt horizon and annualize costs after
consideration of control options that would neetdéaeplaced periodically within the given
time horizon. For example, a 15 year project waaljlire replacing reciprocating compressor-
related controls five times, but only require agininstallation of controls on storage vessels.
This approach, however, is equivalent to the apprealected; that is to sum the annualized
costs across options, without establishing a reyte@sive project time horizon.

Second, the projected number of affected unitsasiumber of units that our analysis
shows would be affected in 2015, the analysis y&&e projected number of affected units
accounts for estimates of the adoption of conirobsence of Federal regulation. While the
procedures used to estimate adoption in absen€eddral regulation are presented in detail
within the TSD, because REC requirements provisig@ificant component of the estimated
emissions reductions and engineering compliances cibss worthwhile to go into some detalil
on the projected number of RECs within the RIA. Wge EIA projections consistent with the
Annual Energy Outlook 2011 to estimate the numiberatural gas well completions with
hydraulic fracturing in 2015, assuming that sucftésgells drilled in coal bed methane, shale,
and tight sands used hydraulic fracturing. Baseths assumption, we estimate that 11,403
wells were successfully completed and used hydrdwacturing. To approximate the number of
wells that would not be required to perform RECsause of the absence of sufficient
infrastructure, we draw upon the distinction in EdAalysis between exploratory and
developmental wells. We assume exploratory weallsat have sufficient access to
infrastructure to perform a REC and are exempt fiioenREC requirement. These 446 wells are
removed from the REC estimate and are assumedibust emissions using pit flares.

The number of hydraulically fractured recompletiohexisting wells was approximated
using assumptions found in Subpart W’s T@bd applied to well count data found in the

proprietary HPDY database. The underlying assumption is that alisd in coal bed

® U.S. Environmental Protection Agency (U.S. EPA)1@. Greenhouse Gas Emissions Reporting From the
Petroleum and Natural Gas Industry: Background fieeh Support Document. Climate Change Division.
Washington, DC.
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methane, shale, and tight sand formations reqaifeacture, on average, every 10 years. In
other words, 10 percent of the total wells classdifas being performed with hydraulic fracturing
would perform a recompletion in any given year.tudal gas well recompletions performed
without hydraulic fracturing were based only on 20¢ell data from HPO.

The number of completions and recompletions alreadyrolling emissions in absence
of a Federal regulation was estimated based otirgxiState regulations that require applicable
control measures for completions and workovergpacttgic geographic locations. Based on this
criterion, 15 percent of natural gas completionhwiydraulic fracturing and 15 percent of
existing natural gas workovers with hydraulic fragtg are estimated to be controlled by either
flare or REC in absence of Federal regulationsmgletions and recompletions without
hydraulic fracturing were assumed as having norotsiin absence of a Federal regulation.
Following these procedures leads to an estima®3if3 completions of new wells and 12,050
recompletions of existing wells that will requirgher a REC under the proposed NSPS in 2015.

It should be noted that natural gas prices arenafi and, historically, there have been
periods where prices have increased or decreapethraThese price changes would be
expected to affect adoption of emission reductemhihologies in absence of regulation,
particularly control measures such as RECs thatuioagmission significantly over short periods

of time.

Third, for well completion requirements, annualizedts are set equal to capital costs.
We chose to equate the capital and annualizedeasiuse the completion requirements
(combustion and RECs) are essentially one-shottgyvéiie emissions controls are applied over
the course of a well completion, which will typilsatange over a few days to a couple of weeks.
After this relatively short period of time, thegerno continuing control requirement, unless the
well is again completed at a later date, sometiyeass later. We reasoned that the absence of a

continuing requirement makes it appropriate to &goapital and annualized costs.

Fourth, for annualized cost, we present two figutles annualized costs with revenues
from additional natural gas and condensate recoamedyannualized costs without additional
revenues this product recovery. Several emissiotrals for the NSPS capture VOC emissions
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that otherwise would be vented to the atmosph8iece methane is co-emitted with VOCs, a
large proportion of the averted methane emissiansbe directed into natural gas production
streams and sold. When including the additionalnahgas recovery in the cost analysis, we
assume that producers are paid $4 per thousand fagi(Mcf) for the recovered gas at the
wellhead. RECs also capture saleable condensatesdould otherwise be lost to the
environment. The engineering analysis assumes@WRIEcapture 34 barrels of condensate per
REC and that the value of this condensate is $7@ba

The assumed price for natural gas is within thgeaof variation of wellhead prices for
the 2010-11 period. The $4/Mcf is below the 201A-tbrecasted wellhead price, $4.22/Mcf in
2008 dollars. The $4/Mcf payment rate does ndécefiny taxes or tax credits that might apply
to producers implementing the control technologi@s.natural gas prices can increase or
decrease rapidly, the estimated engineering cong@iaosts can vary when revenue from
additional natural gas recovery is included. Thermdso geographic variability in wellhead
prices, which can also influence estimated engingarosts. A $1/Mcf change in the wellhead
price causes a change in estimated engineeringli@oe costs of about $180 million in 2008
dollars.

As will be seen in subsequent analysis, the estiofatevenues from additional product
recovery is critical to the economic impact analydHowever, before discussing this assumption
in more depth, it is important to further develbp £ngineering estimates to contextualize the
discussion and to provide insight into why, ifdtgrofitable to capture natural gas emissions that
are otherwise vented, producers may not alreadiobey so.

Table 3-3 presents the estimated nationwide comg@i@osts, emissions reductions, and
VOC reduction cost-effectiveness broken down byssioins sources and points for those
sources and points evaluated in the NSPS analysis.reporting and recordkeeping costs for
the proposed NSPS Option 2 are estimated at $188®%and are included in Table 3-3.
Because of time constraints, we were unable tanas#i reporting and recordkeeping costs
customized for Options 1 and 3; for these optiaresuse the same $18,805,398 for reporting

and recordkeeping costs for these options.

As can be seen from Table 3-3 controls associatédwell completions and
recompletions of hydraulically fractured wells piae the largest potential for emissions
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reductions from evaluated emissions sources amdgy@s well as present the most significant
compliance costs if revenue from additional natges recovery is not included. Emissions
reductions from conventional natural gas wells andle oil wells are clearly not as significant

as the potential from hydraulically fractured wells was discussed in Section 3.2.1.1.

Several evaluated emissions sources and poinestineated to have net financial
savings when including the revenue from additiovaural gas recovery. These sources form
the core of the three NSPS options evaluated :2"RIA. Table 3-4 presents the estimated
engineering costs, emissions reductions, and V@Gcten cost-effectiveness for the three
NSPS options evaluated in the RIA. The resultotgltnational annualized cost impact of the
proposed NSPS rule (Option 2) is estimated at $7dln per year without considering
revenues from additional natural gas recovery. uahigosts for the proposed NSPS are
estimated at -$45 million when revenue from addaimatural gas recovery is included. All

figures are in 2008 dollars.
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Table 3-2
Points

Summary of Capital and Annualized Costsgr Unit for NSPS Emissions

Per Unit Annualized Cost (2008%)

Without With
Revenues from Revenues from

Additional Additional
Projected No. of  Capital Costs Product Product
Sources/Emissions Point Affected Units (2008%) Recovery Recovery
Well Completions
Hydraulically Fractured Gas Wells
that Meet Criteria for REC 9,313 $33,237 $33,237 2,133
Hydraulically Fractured Gas Wells
that Do Not Meet Criteria for REC
(Completion Combustion) 446 $3,523 $3,5623 $3,523
Conventional Gas Wells 7,694 $3,523 $3,523 $3,523
Oil Wells 12,193 $3,523 $3,523 $3,523
Well Recompletions
Hydraulically Fractured Gas Wells
(existing wells) 12,050 $33,237 $33,237 -$2,173
Conventional Gas Wells 42,342 $3,523 $3,523 $3,523
Oil Wells 39,375 $3,523 $3,523 $3,523
Equipment Leaks
Well Pads 4,774 $68,970 $23,413 $21,871
Gathering and Boosting Stations 275 $239,494 $37,06 $51,174
Processing Plants 29 $7,522 $45,160 $33,884
Transmission Compressor Stations 107 $96,542 $05,35 $25,350
Reciprocating Compressors
Well Pads 6,000 $6,480 $3,701 $3,664
Gathering/Boosting Stations 210 $5,346 $2,456 $870
Processing Plants 209 $4,050 $2,090 -$2,227
Transmission Compressor Stations 20 $5,346 $2,456 2,458
Underground Storage Facilities 4 $7,290 $3,349 43,3
Centrifugal Compressors
Processing Plants 16 $75,000 $10,678 -$123,730
Transmission Compressor Stations 14 $75,000 $10,678 -$77,622
Pneumatic Controllers -
Oil and Gas Production 13,632 $165 $23 -$1,519
Natural Gas Trans. and Storage 67 $165 $23 $23
Storage Vessels
High Throughput 304 $65,243 $14,528 $13,946
Low Throughput 17,086 $65,243 $14,528 $13,946




Table 3-3

Emissions Sources and Points, NSPS, 2015

Estimated Nationwide Compliance Costs, Eissions Reductions, and VOC Reduction Cost-Effectaness by

Nationwide Annualized Costs

VOC Emissions Reductior
Cost-Effectiveness

Nationwide Emissions

(20083%) Reductions (tons/year) (2008%/ton)
Without Without
Addl. With Addl. Addl. With Addl.
Source/Emissions Point Emissions Control  Revenues Revenues VOC Methane HAP  Revenues Revenues
Well Completions (New Wells)
Hydraulically Fractured Gas Wells REC $309,553,517-$20,235,748204,134 1,399,13914,831 $1,516 -$99
Hydraulically Fractured Gas Wells Combustion $1,588 $1,571,188 9,801 67,178 712 $160 $160
Conventional Gas Wells Combustion $27,104,761 $27,104,761 857 5,875 62 $31,619 $31,619
Oil Wells Combustion $42,954,036 $42,954,036 83 88 0 $520,580 $520,580
Well Recompletions (Existing Wells)
Hydraulically Fractured Gas Wells (existing
wells) REC $400,508,928 -$26,181,572264,115 1,810,24519,189 $1,516 -$99
Conventional Gas Wells Combustion $149,164,257$149,164,257 316 2,165 23 $472,227  $472,227
Oil Wells Combustion $138,711,979 $138,711,979 44 47 0 $3,134,431 $3,134,431
Equipment Leaks
Well Pads NSPS Subpart VV $111,773,662$104,412,154 10,646 38,287 401 $10,499 $9,808
Gathering and Boosting Stations NSPS Subpart VV ,6RIR325 $14,072,850 2,340 8,415 88 $6,705 $6,013
Processing Plants NSPS Subpart VVa $1,309,650 $982,648 392 1,411 15 $3,343 $2,508
Transmission Compressor Stations NSPS Subpart VV , 7182450 $2,712,450 261 9,427 8 $10,389 $10,389
Reciprocating Compressors
Annual Monitoring/
Well Pads Maintenance (AMM) $22,204,209 $21,984,763 263 947 10 $84,379 $83,545
Gathering/Boosting Stations AMM $515,764 $182,597 400 1,437 15 $1,291 $457
Processing Plants AMM $436,806 -$465,354 1,082 3,892 41 $404 -$430
Transmission Compressor Stations AMM $47,892 $47,892 12 423 0 $4,093 $4,093
Underground Storage Facilities AMM $13,396 $13,396 2 87 0 $5,542 $5,542
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Table 3-3 (continued) Estimated Nationwide Compliace Costs, Emissions Reductions, and VOC Reductioro&t-
Effectiveness by Emissions Sources and Points, NSP815

VOC Emissions Reductior

Nationwide Annualized Costs Nationwide Emissions Cost-Effectiveness
(20083%) Reductions (tons/year) (2008%/ton)
Without Without
Addl. With Addl. Addl. With Addl.
Source/Emissions Point Emissions Control Revenues Revenues VOC Methane HAP Revenues Revenues
Centrifugal Compressors
Dry Seals/Route to
Processing Plants Process or Control $170,853 -$1,979,687 288 3,183 10 $593 -$6,874
Dry Seals/Route to
Transmission Compressor Stations Process or Control $149,496 -$1,086,704 43 1,546 1 $3,495 -$25,405

Pneumatic Controllers -
Low Bleed/Route to

Oil and Gas Production Process $320,071 -$20,699,918 25,210 90,685 952 $13 -$821
Low Bleed/Route to

Natural Gas Trans. and Storage Process $1,539 $1,539 6 212 0 $262 $262

Storage Vessels

High Throughput 95% control $4,411,587 $4,234,856 29,654 6,490 876 $149 $143

Low Throughput 95% control $248,225,012 $238,280,976 6,838 1,497 202  $36,298  $34,844
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Table 3-4 Estimated Engineering Compliance Costs,®PS (2008%)

Option 2
Option 1 (Proposed) Option 3
Capital Costs $337,803,930 $738,530,998 $1,143,984,622
Annualized Costs
Without Revenues from Additional Natural $336,163,858 $737.982,436 $868,160.873

Gas Product Recovery
With Revenues from Additional Natural Gas -$19,496,449 $44.695.374 $76,502,080

Product Recovery
VOC Reductions (tons per year) 270,695 535,201 548,449
Methane Reduction (tons per year) 1,574,498 3,386,154 3,442,283
HAP Reductions (tons per year) 17,442 36,645 37,142
voC Reduc_t!on Cost-Effectiveness ($/ton $1,241.86 $1,378.89 $1,582.94
without additional product revenues)
VOC Reduction Cost-Effectiveness ($/ton $72.02 -$83.51 $139.49

with additional product revenues)

Note: the VOC reduction cost-effectiveness estimasumes there is no benefit to reducing methach¢lar,
which is not the case. We however present thégmecosts of reducing the single pollutant forsthative
purposes. As product prices can increase or deemapidly, the estimated engineering complianatsocan
vary when revenue from additional product recovsiipcluded. There is also geographic variability
wellhead prices, which can also influence estimatagineering costs. A $1/Mcf change in the wekhpdce
causes a change in estimated engineering complersts of about $180 million in 2008 dollars. Twest
estimates for each regulatory option also inclgmrting and recordkeeping costs of $18,805,398.

As mentioned earlier, the single difference betw@gtion 1 and the proposed Option 2
is the inclusion of RECs for recompletions of exigtwells in Option 2. The implication of this
inclusion in Option 2 is clear in Table 3-4, as dstimated engineering compliance costs without
additional product revenue more than double and ¥@3sions reductions also more than
double. Meanwhile, the addition of equipment lestedards in Option 3 increases engineering
costs more than $400 million dollars in 2008 dalldout only marginally increase estimates of

emissions reductions of VOCs, methane, and HAPS.

As the price assumption is very influential onmstied impacts, we performed a simple
sensitivity analysis of the influence of the assdmellhead price paid to natural gas producers
on the overall engineering costs estimate of tpgsed NSPS. Figure 3-1 plots the annualized
costs after revenues from natural gas product exgdvave been incorporated (in millions of

2008 dollars) as a function of the assumed priggatiiral gas paid to producers at the wellhead
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for the recovered natural gas (represented byltiped, dotted line). The vertical solid lines in
the figure represent the natural gas price assumig@ RIA ($4.00/Mcf) for 2015 and the 2015
forecast by EIA in the 2011 Annual Energy Outlo8k.2/Mcf) in 2008 dollars.
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Figure 3-1  Sensitivity Analysis of Proposed NSPS Awalized Costs after Revenues

from Additional Product Recovery are Included

As shown in Table 3-4, at the assumed $4/Mcf, tireualized costs are estimated at -$45
million. At $4.22/Mcf, the price forecast reportedthe 2011 Annual Energy Outlook, the
annualized costs are estimated at about -$90 mjNidich would approximately double the
estimate of net cost savings of the proposed NS®3ndicated by this difference, EPA has
chosen a relatively conservative assumption (lgpttiran estimate of few savings and higher net
costs) for the engineering costs analysis. Therabgyas price at which the proposed NSPS
breaks-even is around $3.77/Mcf. As mentionederad $1/Mcf change in the wellhead natural
gas price leads to about a $180 million changlérainnualized engineering costs of the
proposed NSPS. Consequently, annualized engimpeosts estimates would increase to about

$140 million under a $3/Mcf price or decrease towb$230 million under a $5/Mcf price.
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It is additionally helpful to put the quantity chtural gas and condensate potentially
recovered in the context of domestic productiorlev To do so, it is necessary to make two
adjustments. First, not all emissions reductiarsloe directed into production streams to be
ultimately consumed by final consumers. Severatrots require combustion of the natural gas
rather than capture and direction into productesire After adjusting estimates of national
emissions reductions in Table 3-3 for these conimudype controls, Options 1, 2, and 3 are
estimated to capture about 83, 183, and 185 heétiral gas and 317,000, 726,000, and
726,000 barrels of condensate, respectively. Botrol options that are expected to recover
natural gas products. Estimates of unit-level matibn-level product recovery are presented in
Section 3 of the RIA. Note that completion-relatedquirements for new and existing wells
generate all the condensate recovery for all N&g8latory options. For natural gas recovery,
RECs contribute 77 bcf (92 percent) for Option 26 bcf (97 percent) for Option 2, and 176 bcf
(95 percent) for Option 3.
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Table 3-5 Estimates of Control Unit-level and Natinal Level Natural Gas and Condensate Recovery, NSR3otions, 2015
Projected Unit-level Product Recovery Total Product Recovery
No. of Natural Gas
NSPS Affected Savings Condensate Natural Gas  Condensate

Source/ Emissions Points Emissions Control Option Units (Mcf/unit) (bbl/unit) Savings (Mcf) (bbl)
Well Completions

Hydraulically Fractured Gas Wells REC 1,2,3 9,313 8,258 34 76,905,813 316,657

Hydraulically Fractured Gas Wells  Combustion 132, 446 0 0 0 0

Hydraulically Fractured Gas Wells o 2,3 12,050 8,258 34 99,502,875 409,700

(existing wells)
Equipment Leaks

Well Pads NSPS Subpart VV 3 4,774 386 0 1,840,377 0

Gathering and Boosting Stations NSPS Subpart VV 3 275 1,472 0 404,869 0

Processing Plants NSPS Subpart VVa 2,3 29 2,819 0 81,750 0
Reciprocating Compressors

Gathering/Boosting Stations AMM 1,23 210 397 0 83,370 0

Processing Plants AMM 1,2,3 375 1,079 0 404,677 0

Trans. Compressor Stations AMM 1,2,3 199 1,122 0 223,374 0

Underground Storage Facilities AMM 1,2,3 9 1,130 0 9,609 0
Centrifugal Compressors

Processing Plants gr%tsrfa'y Route to Process ; 5 3 16 11,527 0 184,435 0

Trans. Compressor Stations ErrétSrFaIS/ROUte to Process 1,2,3 14 5,716 0 80,018 0
Pneumatic Controllers -

Oil and Gas Production Low Bleed/Route to 1,2,3 13632 386 0 5,254,997 0

Process
Natural Gas Trans. and Storage Low Bleed/Route to 1,2,3 67 0 0 0 0
Process

Processing Plants Instrument Air 1,2,3 15 871.0 0 13,064 0
Storage Vessels

High Throughput 95% control 1,2,3 304 146 0 189, 0
Option 1 Total (Mcf) 83,203,546 316,657
Option 2 Total (Mcf) 182,788,172 726,357
Option 3 Total (Mcf) 185,033,417 726,357
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A second adjustment to the natural gas quantgiegcessary to account for
nonhydrocarbon gases removed and gas that reidjectepressurize wells, vented or flared, or
consumed in production processes. Generally, e@tllproduction is metered at or near the
wellhead and payments to producers are based se thetered values. In most cases, the
natural gas is minimally processed at the meterséiiccontains impurities or co-products that
must be processed out of the natural gas at plioggskints. This means that the engineering
cost estimates of revenues from additional natymalrecovery arising from controls
implemented at the wellhead include payment foriigurities, such as the VOC and HAP
content of the unprocessed natural gas. AccoradirigA, in 2009 the gross withdrawal of
natural gas totaled 26,013 bcf, but 20,580 bcf washately considered dry production (these
figures exclude EIA estimates of flared and vemtatliral gas). Using these numbers, we apply
a factor of 0.79 (20,580 bcf divided by 26,013 hofjhe adjusted sums in the previous
paragraph to estimate the volume of gas that irioagh by controls that may ultimately by

consumed by final consumers.

After making these adjustments, we estimate thpdito® 1 will potentially recover
approximately 66 bcf, proposed Option 2 will potalty recover about 145 bcf, and Option 3
will potentially recover 146 bcf of natural gastthall ultimately be consumed by natural gas
consumers. EIA forecasts that the domestic dry natural gaslpction in 2015 will be 20,080
bcf. Consequently, Option 1, proposed Option 8, @ption 3 may recover production
representing about 0.29 percent, 0.64 percent &tdg@rcent of domestic dry natural gas
production predicted in 2015, respectively. Thest@mates, however, do not account for
adjustments producers might make, once compliaosts @and potential revenues from
additional natural gas recovery factor into ecoreodgcisionmaking. Also, as discussed in the
previous paragraph, these estimates do not in¢chedeonhydrocarbon gases removed, natural
gas reinjected to repressurize wells, and nat@slcgnsumed in production processes, and
therefore will be lower than the estimates of thesg natural gas captured by implementing

controls.

" To convert U.S. short tons of methane to a cubxit fmeasure, we use the conversion factor of 48l€4per U.S.
short ton.
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Clearly, this discussion raises the question aghy if emissions can be reduced
profitably using environmental controls, more proeis are not adopting the controls in their
own economic self-interest. This question is meldar when examining simple estimates of the
rate of return to installing emissions controls thiging the engineering compliance costs
estimates, the estimates of natural gas productvesg, and assumed product prices (Table 3-6).
The rates of return presented in are for evaluededrols where estimated revenues from
additional product recovery exceed the costs. rateof return is calculated using the simple
formula: product recovery, and assumed producepr{@able 3-6). The rates of return
presented in are for evaluated controls where astidrevenues from additional product

recovery exceed the costs. The rate of retural@itated using the simple formula:

rate of return= ( -
estimated costs

estimated revenues
— 1x 10.

Table 3-6 Simple Rate of Return Estimate for NSPS @htrol Options

Emission Point Control Option Rate of Return
Reduced Emissions

New Completions of Hydraulically Fractured Wells Completions 6.5%
Reduced Emissions

Re-completions of Existing Hydraulically Fractutdtells Completions 6.5%
Replace Packing Every 3

Reciprocating Compressors (Processing Plants) Years of Operation 208.3%

Centrifugal Compressors (Processing Plants) Convert to Dry Seals 1158.7%

Centrifugal Compressors (Transmission Compressor Convert to Dry Seals

Stations) 726.9%

Pneumatic Controllers (Oil and Gas Production ) Low Bleed 6467.3%

Overall Proposed NSPS Low Bleed 6.1%

Note: The table presents only control options whestimated revenues from natural gas product ezg@xceeds
estimated annualized engineering costs

Recall from Table 2-23 in the Industry Profile, tBdA estimates an industry-level rate
of return on investments for various segments efaihand natural gas industry. While the
numbers varies greatly over time because of ingastd economic factors, EIA estimates a 10.7
percent rate of return on investments for oil aatliral gas production in 2008. While this
amount is higher than the 6.5 percent rate estohfateRECS, it is significantly lower than the
rate of returns estimated for other controls apé#itad to have net savings.

Assuming financially rational producers, standardr@mic theory suggests that all oil

and natural gas firms would incorporate all cos¢eive improvements, which they are aware
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of, without government intervention. The cost gael of this draft RIA nevertheless is based on
the observation that emission reductions that appdae profitable in our analysis have not
been generally adopted. One possible explanatenba the difference between the average
profit margin garnered by productive capital anel émvironmental capital where the primary
motivation for installing environmental capital wdbe to mitigate the emission of pollutants

and confer social benefits as discussed in Chdpter

Another explanation for why there appear to be fiegaost control technologies that
are not generally adopted is imperfect informati¢iremissions from the oil and natural gas
sector are not well understood, firms may underest the potential financial returns to
capturing emissions. Quantifying emissions isiclitt and has been done in relatively few
studies. Recently, however, advances in inframeabery have made it possible to affordably
visualize, if not quantify, methane emissions frany source using a handheld camera. This
infrared camera has increased awareness withirstirnyjdand among environmental groups and
the public at large about the large number of elmmsssources and possible scale of emissions
from oil and natural gas production activitiesn®, as discussed in the TSD chapter referenced
above, 15 percent of new natural gas well compistigith hydraulic fracturing and 15 percent
of existing natural gas well recompletions with raulic fracturing are estimated to be
controlled by either flare or REC in the baselibés unlikely that a lack of information will be a
significant reason for these emission points tobeoaddressed in the absence of Federal
regulation in 2015. However, for other emissiompx) a lack of information, or the cost
associated with doing a feasibility study of poi@némission capture technologies, may

continue to prevent firms from adopting these improents in the absence of regulation.

Another explanation is the cost associated witversibility associated with
implementing these environmental controls are efi¢cted in the engineering cost estimates
above. Due to the high volatility of natural ga&es, it is important to recognize the value of
flexibility taken away from firms when requiringdim to install and use a particular emissions
capture technology. If a firm has not adoptedt#edinology on its own, then a regulation
mandating its use means the firm loses the optiggostpone investment in the technology in
order to pursue alternative investments today,theption to suspend use of the technology if

it becomes unprofitable in the future. Therefdine, full cost of the regulation to the firm is the
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engineering cost and the lost option value minesévenues from the sale of the additional
recovered product. In the absence of quantitastenates of this option value for each

emission point affected by the NSPS and NESHAP avgiments, the costs presented in this

RIA may underestimate the full costs faced by tifected firms. With these caveats in mind,
EPA believes it is analytically appropriate to aaal costs and economic impacts costs presented

in Table 3-2 and Table 3-3 using the additionabpi recovery and associated revenues.

3.2.2.2 NESHAP Sources

As discussed in Section 3.2.1.2, EPA examined thm@gsions points as part of its
analysis for the proposed NESHAP amendments. &tifie controls for the proposed NSPS,
the controls evaluated under the proposed NESHAEhdments do not direct significant
guantities of natural gas that would otherwiselaeetl or vented into the production stream.
Table 3-7 shows the projected number of contrajsired, estimated unit-level capital and
annualized costs, and estimated total annualizets.cd he table also shows estimated emissions
reductions for HAPs, VOCs, and methane, as weall esst-effectiveness estimate for HAP

reduction, based upon engineering (not social)scost
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Table 3-7 Summary of Estimated Capital and Annual @sts, Emissions Reductions,
and HAP Reduction Cost-Effectiveness for Proposed BEHAP Amendments

Emission Reductions
(tons per year)

HAP
Projected Capital Total Reduction
No. of Costs/  Annualized Annualized Cost-
Source/Emissions Controls Unit Cost/Unit Cost Effectiveness
Point Required  (2008$%) (2008%) (2008%) HAP VOC Methane (2008%/ton)
Production - Small
Glycol Dehydrators 115 65,793 30,409 3,497,001 54893 324 6,377
Transmission -
Small Glycol
Dehydrators 19 19,537 19,000 361,000 243 475 172 ,4831
Storage Vessels 674 65,243 14,528 9,791,872 589127,84,364 16,618
Reporting and
Recordkeeping --- 196 2,933 2,369,755 --- - -
Total 808 16,019,871 1,381 9,243 4,859 10,576

Note: Totals may not sum due to independent rogndin

Under the Proposed NESHAP Amendments, about 80@atenvill be required, costing a
total of $16.0 million (Table 3-7). We include meting and recordkeeping costs as a unique line
item showing these costs for the entire set of @sed amendments. These controls will reduce
HAP emissions by about 1,400 tons, VOC emissionaldmut 9,200 tons, and methane by about
4,859 tons. The cost-per-ton to reduce HAP emissi® estimated at about $11,000 per ton. All

figures are in 2008 dollars.
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4 BENEFITS OF EMISSIONS REDUCTIONS

4.1 Introduction

The proposed Oil and Natural Gas NSPS and NESHA¢hdments are expected to
result in significant reductions in existing emeés and prevent new emissions from expansions
of the industry. While we expect that these avbidmissions will result in improvements in air
guality and reduce health effects associated wifogure to HAPs, ozone, and fine particulate
matter (PM s), we have determined that quantification of thlesalth benefits cannot be
accomplished for this rule in a defensible way.isTit not to imply that there are no health
benefits of the rules; rather, it is a reflectidritee difficulties in modeling the direct and inelat
impacts of the reductions in emissions for thisustdal sector with the data currently available.
For the proposed NSPS, the HAP and climate berezitde considered “co-benefits”, and for
the proposed NESHAP amendments, the ozone ang Rdlthbenefits and climate benefits
can be considered “co-benefits”. These co-benefitsir because the control technologies used

to reduce VOC emissions also reduce emissions dfdnd methane.

The proposed NSPS is anticipated to prevent 3t@@of HAPs, 540,000 tons of
VOCs, and 3.4 million tons of methane from new sesay while the proposed NESHAP
amendments is anticipated reduce 1,400 tons of H&R60 tons of VOCs, and 4,900 tons of
methane from existing sources. The specific comdhnologies for the proposed NSPS is also
anticipated to have minor secondary disbenefitduding an increase of 990,000 tons of £O
510 tons of NOx, 2,800 tons of CO, 7.6 tons of RN 1,000 tons of THC, and proposed
NESHAP is anticipated to have minor secondary diebts, including an increase of 5,500 tons
of CO,, 2.9 tons of NOx, 16 tons of CO, and 6.0 tonstdCT Both rules would have additional
emission changes associated with the energy systpacts. The net C&equivalent emission
reductions are 62 million metric tons for the prepd NSPS and 93 thousand metric tons for the
proposed NESHAP. As described in the subsequetioss, these pollutants are associated
with substantial health effects, welfare effectg] alimate effects. With the data available, we
are not able to provide a credible benefits estmédr any of these pollutants for these rules,
due to the differences in the locations of oil aadlural gas emission points relative to existing
information, and the highly localized nature of gurality responses associated with HAP and

VOC reductions. In addition, we do not yet haveliagency agreed upon valuation estimates
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for greenhouse gases other than,@@tcould be used to value the climate co-benefits
associated with avoiding methane emissions. Idsiga provide a qualitative assessment of the
benefits and co-benefits as well as a break-evalysia in Chapter 6 of this RIA. A break-even
analysis answers the question, “What would the fitlsneeed to be for the benefits to exceed the
costs.” While a break-even approach is not equitatea benefits analysis, we feel the results

are illustrative, particularly in the context oeprous benefit per ton estimates.

4.2 Direct Emission Reductions from the Oil and NaturalGas Rules

As described in Section 2 of this RIA, oil and matigas operations in the U.S. include a
variety of emission points for VOCs and HAPs inahgowells, processing plants, compressor
stations, storage equipment, and transmission etribdtion lines. These emission points are
located throughout much of the country with sigrafit concentrations in particular regions. For
example, wells and processing plants are largatgeatrated in the South Central, Midwest, and
Southern California regions of the U.S., whereasaganpression stations are located all over
the country. Distribution lines to customers asgjtiently located within areas of high
population density.

In implementing these rules, emission controls teag to reductions in ambient BM
and ozone below the National Ambient Air Qualita&iards (NAAQS) in some areas and assist
other areas with attaining the NAAQS. Due to thghhdegree of variability in the
responsiveness of ozone and Rffbrmation to VOC emission reductions, we are unéble
determine how these rules might affect attainmeatts without air quality modeling data.
Because the NAAQS RIAs also calculate ozone andBifits, there are important differences
worth noting in the design and analytical objedtio¢ each RIA. The NAAQS RIAs illustrate
the potential costs and benefits of attaining a agwuality standard nationwide based on an
array of emission control strategies for differsotirces. In short, NAAQS RIAs hypothesize,
but do not predict, the control strategies thateStanay choose to enact when implementing a
NAAQS. The setting of a NAAQS does not directlyulesn costs or benefits, and as such, the
NAAQS RIAs are merely illustrative and are not mded to be added to the costs and benefits

of other regulations that result in specific cagtsontrol and emission reductions. However,

® The responsiveness of ozone and,Pfdrmation is discussed in greater detail in sestiért.1 and 4.5.1 of this
RIA.



some costs and benefits estimated in this RIA atciou the same air quality improvements as
estimated in an illustrative NAAQS RIA.

By contrast, the emission reductions for this are from a specific class of well-
characterized sources. In general, EPA is moreidemfin the magnitude and location of the
emission reductions for these rules. It is impdrtamote that emission reductions anticipated
from these rules do not result in emission increatsgewhere (other than potential energy
disbenefits). Emission reductions achieved undesdltand other promulgated rules will
ultimately be reflected in the baseline of futur@RAQS analyses, which would reduce the
incremental costs and benefits associated witinattathe NAAQS. EPA remains forward
looking towards the next iteration of the 5-yearieg cycle for the NAAQS, and as a result
does not issue updated RIAs for existing NAAQS tke&bactively update the baseline for
NAAQS implementation. For more information on tlkeéationship between the NAAQS and
rules such as analyzed here, please see Sectidmoiihe SQ NAAQS RIA (U.S. EPA,
2010d). Table 4-1 shows the direct emission redostanticipated for these rules by option. It
is important to note that these benefits accrubffarent spatial scales. HAP emission
reductions reduce exposure to carcinogens and tkierpollutants primarily near the emission
source. Reducing VOC emissions would reduce psecsiito secondary formation of Rand
ozone, which reduces exposure to these pollutanésregional scale. Climate effects associated
with long-lived greenhouse gases like methane aneapily at a global scale, but methane is
also a precursor to ozone, a short-lived climateeiothat exhibits spatial and temporal

variability.

Table 4-1 Direct Emission Reductions Associated witOptions for the Oil and Natural
Gas NSPS and NESHAP amendments in 2015 (short toper year)

NESHAP NSPS NSPS NSPS
Pollutant . . .
Amendments Option 1 Option 2 (Proposed) Option 3
HAPs 1,381 17,442 36,645 37,142
VOCs 9,243 270,695 535,201 548,449
Methane 4,859 1,574,498 3,386,154 3,442,283




4.3 Secondary Impacts Analysis for Oil and Gas Rules

The control techniques to avert leaks and veni$@€s and HAPs are associated with
several types of secondary impacts, which mayaibrffset the direct benefits of this rule. In
this RIA, we refer to the secondary impacts assediwith the specific control techniques as
“producer-side” impact$.For example, by combusting VOCs and HAPs, condusitcreases
emissions of carbon monoxide, NOx, particulate enahd other pollutants. In addition to
“producer-side” impacts, these control techniquesla also allow additional natural gas
recovery, which would contribute to additional carstion of the recovered natural gas and
ultimately a shift in the national fuel mix. Weeeto the secondary impacts associated with the
combustion of the recovered natural gas as “consside” secondary impacts. We provide a

conceptual diagram of both categories of seconidapgcts in Figure 4-1.

° In previous RIAs, we have also referred to thesgsicts as energy disbenefits.
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Figure 4-1  Conceptual Diagram of Secondary Impactsom Oil and Gas NSPS and
NESHAP Amendments

Table 4-2 shows the estimated secondary impactidoselected option for the
“producer-side” impacts. Relative to the directigsion reductions anticipated from these rules,
the magnitude of these secondary air pollutant atgoig small. Because the geographic
distribution of these emissions from the oil and gactor is not consistent with emissions
modeled in Fann, Fulcher, and Hubbell (2009), veeusrable to monetize the BMisbenefits
associated with the producer-side secondary impdetaddition, it is not appropriate to
monetize the disbenefits associated with the ira@&Q emissions without monetizing the

averted methane emissions because the overalllgiaming potential (GWP) is actually
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lower. Through the combustion process, methanesams are converted to @é€missions,

which have 21 times less global warming potentmhpared to methane (IPCC, 2007).

Table 4-2 Secondary Air Pollutant Impacts Associatdwith Control Techniques by
Emissions Category (“Producer-Side”) (tons per yedr

Emissions Category CcQ NOx PM CO THC
Completions of New Wells (NSPS) 587,991 302 5 1,644 622
Recompletions of Existing Wells (NSPS) 398,341 205 - 1,114 422
Pneumatic Controllers (NSPS) 22 1.0 2.6 - -
Storage Vessels (NSPS) 856 0.5 0.0 2.4 0.9
Total NSPS 987,210 508 7.6 2,760 1,045
Total NESHAP (Storage Vessels) 5,543 2.9 0.1 16 6

For the “consumer-side” impacts associated withNB&S, we modeled the impact of
the regulatory options on the national fuel mix asdociated C£equivalent emissions (Table
4-3)™ We provide the modeled results of the “consun?sCO,-equivalent emissions in

Table 7-1Zrror! Reference source not found.

The modeled results indicate that through a skgift in the national fuel mix, the GO
equivalent emissions across the energy sector wocttdase by 1.6 million metric tons for the
proposed NSPS option in 2015. This is in additethe other secondary impacts and directly
avoided emissions, for a total 62 million metringaf CQ-equivalent emissions averted as
shown in Table 4-4. Due to time limitations unthex court-ordered schedule, we did not
estimate the other emissions (e.g., NOx, PM, S@gpaated with the additional national gas

consumption or the change in the national fuel mix.

1 This issue is discussed in more detail in Secti@rof this RIA.
M A full discussion of the energy modeling is aviltain Section 7 of this RIA.
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Table 4-3 Modeled Changes in Energy-related C£equivalent Emissions by Fuel Type
for the Proposed Oil and Gas NSPS in 2015 (milliometric tons) ("Consumer-Side")

NSPS Option 1 (million NSPS Option 2 (million metric NSPS Option 3 (million

Fuel Type metric tons change in tons change in Cge) metric tons change in
CO,-e) (Proposed) CO,-e)
Petroleum -0.51 -0.14 -0.18
Natural Gas 2.63 1.35 1.03
Coal -3.04 0.36 0.42
Other 0.00 0.00 0.00

Total modeled Change

in CO,-e Emissions -0.92 1.57 1.27

!These estimates reflect the modeled chang§g@»-e emissions using NEMS shown in Table 7-12. Tatay not
sum due to independent rounding.

Table 4-4 Total Change in CQ-equivalent Emissions including Secondary Impactsof
the Proposed Oil and Gas NSPS in 2015 (million metrtons)

NSPS NSPS Option 2 NSPS NESHAP

Emissions Source

Option 1 (Proposed) Option 3 Amendments
Averted CQ-e Emissions from New Sourdes -30.00 -64.51 -65.58 -0.09
Additional CG-e Emissions from C_ombust|0n and 0.90 0.90 0.90 0.01
Supplemental Energy (Producer-sfde)
Total Modeled Change in Energy-related O 0.92 157 127 _
Emissions (Consumer-side)
Total Change in CO,-e Emissions after -30.02 -62.04 -63.41 -0.09

Adjustment for Secondary Impacts

! This estimate reflects the GWP of the avoided amhemissions from new sources shown in Tableddlhas
been converted from short tons to metric tons.

% This estimate represents the secondary produderisipacts associated with additiofD, emissions from
combustion and from additional electricity requiests shown in Table 4-2 and has been converted $tant tons
to metric tons. We use the producer-side secoridgsicts associated with the proposed NSPS optian as
surrogate for the impacts of the other options.

*This estimate reflects the modeled change in tleeggrrelated consumer-side impacts shown in Talle 4
Totals may not sum due to independent rounding.

Based on these analyses, the net impact of bottithet and secondary impacts of these
rules would be an improvement in ambient air qualithich would reduce exposure to various
harmful pollutants, improve visibility impairmentduce vegetation damage, and reduce
potency of greenhouse gas emissions. Table 4sd@®a summary of the direct and secondary

emissions changes for each option.
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Table 4-5 Summary of Emissions Changes for the Proged Oil and Gas NSPS and
NESHAP in 2015 (short tons per year)

NSPS Option  NSPS Option 2 NSPS Option

Pollutant 1 (Proposed) 3 NESHAP
vOC -270,000 -540,000 -550,000 -9,200
Change in Direct Emissions Methane -1,600,000 -3,400,000 -3,400,000 -4,900
HAP -17,000 -37,000 -37,000 -1,400
CO, 990,000 990,000 990,000 5,500
NOXx 510 510 510 2.9
Change in Secondary
Emissions (Producer-Side} PM 7.6 7.6 7.6 0.1
CoO 2,800 2,800 2,800 16
THC 1,000 1,000 1,000 6.0
Change in Secondary i i
Emissions (Consumer-Side) CO»e 1,000,000 1,700,000 1,400,000 N/A
Net Change in CQ-equivalent o 33500000 -68,000,000 -70,000,000  -96,000

Emissions

1We use the producer-side secondary impacts assdaidth the proposed option as a surrogate fomtipacts of
the other options. Totals may not sum due to indéeet rounding.

4.4 Hazardous Air Pollutant (HAP) Benefits

Even though emissions of air toxics from all sosritethe U.S. declined by approximately
42 percent since 1990, the 2005 National-Scaléel8xics Assessment (NATA) predicts that
most Americans are exposed to ambient concentgatibair toxics at levels that have the
potential to cause adverse health effects (U.S.,2PA1d)* The levels of air toxics to which
people are exposed vary depending on where paepland work and the kinds of activities in
which they engage. In order to identify and ptire air toxics, emission source types and
locations that are of greatest potential concer8, BPA conducts the NATA. The most
recent NATA was conducted for calendar year 20@bveas released in March 2011. NATA
includes four steps:

12 The 2005 NATA is available on the Internet at Higpvw.epa.gov/ttn/atw/nata2005/.

3 The NATA modeling framework has a number of lirtitias that prevent its use as the sole basis ttinge
regulatory standards. These limitations and una#iés are discussed on the 2005 NATA websiteenEso,
this modeling framework is very useful in identifgi air toxic pollutants and sources of greatesteom setting
regulatory priorities, and informing the decisioaking process. U.S. EPA. (2011) 2005 NationaleSaa
Toxics Assessment. http://www.epa.gov/ttn/atw/Baes/
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1) Compiling a national emissions inventory oftaiics emissions from outdoor sources
2) Estimating ambient and exposure concentratibas doxics across the United States
3) Estimating population exposures across the drgtates

4) Characterizing potential public health risk doenhalation of air toxics including both

cancer and noncancer effects

Based on the 2005 NATA, EPA estimates that abqérbent of census tracts
nationwide have increased cancer risks greatertf@nn a million. The average national
cancer risk is about 50 in a million. Nationwitlee key pollutants that contribute most to the
overall cancer risks are formaldehyde and benz&heSecondary formation (e.g., formaldehyde
forming from other emitted pollutants) was the &sigcontributor to cancer risks, while
stationary, mobile and background sources congibimhost equal portions of the remaining

cancer risk.

Noncancer health effects can result from chrdhgcibchronic, or acuté inhalation
exposures to air toxics, and include neurologicaldiovascular, liver, kidney, and respiratory
effects as well as effects on the immune and remtbge systems. According to the 2005
NATA, about three-fourths of the U.S. populationsvexposed to an average chronic
concentration of air toxics that has the poteritieldverse noncancer respiratory health effects.
Results from the 2005 NATA indicate that acroleithe primary driver for noncancer

respiratory risk.

14 Details on EPA’s approach to characterizationasfaer risks and uncertainties associated with G6& NATA
risk estimates can be found at http://www.epa.gotdtw/natal1999/riskbg.html#Z2.

!> Details about the overall confidence of certairatyking of the individual pieces of NATA assessrséntluding
both quantitative (e.g., model-to-monitor ratiosyl jualitative (e.g., quality of data, review ofission
inventories) judgments can be found at http://wvpa.gov/ttn/atw/nata/roy/page16.html.

16 Chronic exposure is defined in the glossary ofithiegrated Risk Information (IRIS) database
(http://lwww.epa.govl/iris) as repeated exposurehigyaral, dermal, or inhalation route for more than
approximately 10% of the life span in humans (rmbe: approximately 90 days to 2 years in typicafigd
laboratory animal species).

" Defined in the IRIS database as repeated expbsuitee oral, dermal, or inhalation route for mdrart 30 days,
up to approximately 10% of the life span in humémere than 30 days up to approximately 90 daygpically
used laboratory animal species).

18 Defined in the IRIS database as exposure by tale @ermal, or inhalation route for 24 hours osles
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Figure 4-2 and Figure 4-3 depict the estimated ueirsict-level carcinogenic risk and
noncancer respiratory hazard from the assessnitastimportant to note that large reductions in
HAP emissions may not necessarily translate irgoicant reductions in health risk because
toxicity varies by pollutant, and exposures maynary not exceed levels of concern. For
example, acetaldehyde mass emissions are morelthdate acrolein emissions on a national
basis, according to EPA’s 2005 National Emissianv&htory (NEI). However, the Integrated
Risk Information System (IRIS) reference concerdra{RfC) for acrolein is considerably lower
than that for acetaldehyde, suggesting that acraleuld be potentially more toxic than
acetaldehydé? Thus, it is important to account for the toxicityd exposure, as well as the mass

of the targeted emissions.

Cancer Risk w "t
(in a million) s
1-25
25-50 ﬁ
I s0-75
Il 75- 100
Bl - 100

Zero Population Tracts

Figure 4-2  Estimated Chronic Census Tract Carcinogac Risk from HAP exposure
from outdoor sources (2005 NATA)

19 Details on the derivation of IRIS values and ke supporting documentation for individual cheats (as well
as chemical values comparisons) can be foundt/bfpub.epa.gov/ncealiris/compare.cfm.
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Figure 4-3  Estimated Chronic Census Tract NoncancefRespiratory) Risk from HAP
exposure from outdoor sources (2005 NATA)

Due to methodology and data limitations, we werable to estimate the benefits
associated with the hazardous air pollutants tlwatldvbe reduced as a result of these rules.. In a
few previous analyses of the benefits of reductiartdAPs, EPA has quantified the benefits of
potential reductions in the incidences of cancer@mon-cancer risk (e.g., U.S. EPA, 1995). In
those analyses, EPA relied on unit risk factors FJ&eveloped through risk assessment
procedure$’ These URFs are designed to be conservative, asutchs are more likely to
represent the high end of the distribution of rather than a best or most likely estimate of risk.
As the purpose of a benefit analysis is to desdhibeébenefits most likely to occur from a

reduction in pollution, use of high-end, consemmtiisk estimates would overestimate the

“The unit risk factor is a quantitative estimatetaf carcinogenic potency of a pollutant, often esped as the
probability of contracting cancer from a 70-yeéetime continuous exposure to a concentration efjog/ni of
a pollutant.
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benefits of the regulation. While we used high-gskl estimates in past analyses, advice from
the EPA’s Science Advisory Board (SAB) recommenitted we avoid using high-end estimates
in benefit analyses (U.S. EPA-SAB, 2002). Since time, EPA has continued to develop better

methods for analyzing the benefits of reductionslAPs.

As part of the second prospective analysis of #reefits and costs of the Clean Air Act
(U.S. EPA, 2011a), EPA conducted a case study sisady the health effects associated with
reducing exposure to benzene in Houston from impieation of the Clean Air Act (IEc, 2009).
While reviewing the draft report, EPA’s Advisory @wil on Clean Air Compliance Analysis
concluded that “the challenges for assessing pssgrehealth improvement as a result of
reductions in emissions of hazardous air pollutéd&sPs) are daunting...due to a lack of
exposure-response functions, uncertainties in eomssnventories and background levels, the
difficulty of extrapolating risk estimates to lowsks and the challenges of tracking health
progress for diseases, such as cancer, that hageatency periods” (U.S. EPA-SAB, 2008).

In 2009, EPA convened a workshop to address theraémih complexities, limitations, and
uncertainties in current methods to quantify thedbiés of reducing HAPs. Recommendations
from this workshop included identifying researclopties, focusing on susceptible and

vulnerable populations, and improving dose-respoelstionships (Gwinn et al., 2011).

In summary, monetization of the benefits of redutsiin cancer incidences requires
several important inputs, including central estiesadf cancer risks, estimates of exposure to
carcinogenic HAPs, and estimates of the value ehanmded case of cancer (fatal and non-fatal).
Due to methodology and data limitations, we didattempt to monetize the health benefits of
reductions in HAPs in this analysis. Instead, wavjate a qualitative analysis of the health
effects associated with the HAPs anticipated toebeced by these rules and we summarize the
results of the residual risk assessment for thk &isl Technology Review (RTR). EPA remains
committed to improving methods for estimating HAEhefits by continuing to explore

additional concepts of benefits, including change$e distribution of risk.

Available emissions data show that several diffek&hPs are emitted from oil and
natural gas operations, either from equipment lgatacessing, compressing, transmission and

distribution, or storage tanks. Emissions of elgAPs make up a large percentage the total
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HAP emissions by mass from the oil and gas setdluene, hexane, benzene, xylenes (mixed),
ethylene glycol, methanol, ethyl benzene, and Zi2yethylpentane (U.S. EPA, 2011a). In the
subsequent sections, we describe the health etisstxiated with the main HAPs of concern
from the oil and natural gas sector: benzene, t@uearbonyl sulfide, ethyl benzene, mixed
xylenes, and n-hexane. These rules combined &cgparted to avoid or reduce 58,000 tons of
HAPs per year. With the data available, it waspussible to estimate the tons of each
individual HAP that would be reduced.

EPA conducted a residual risk assessment for tHeHMEP rule (U.S. EPA, 2011c). The
results for oil and gas production indicate thakimmaum lifetime individual cancer risks could be
30 in-a-million for existing sources before andeaftontrols with a cancer incidence of 0.02
before and after controls. For existing natura gansmission and storage, the maximum
individual cancer risk decreases from 90-in-a-milbefore controls to 20-in-a-million after
controls with a cancer incidence that decreases @®01 before controls to 0.0002 after
controls. Benzene is the primary cancer risk drivehe results also indicate that significant
noncancer impacts from existing sources are unliledpecially after controls. EPA did not
conduct a risk assessment for new sources affégtédae NSPS. However, it is important to
note that the magnitude of the HAP emissions awbienew sources with the NSPS are more
than an order of magnitude higher than the HAP sions reduced from existing sources with
the NESHAP.

441 Benzene

The EPA’s IRIS database lists benzene as a knowrahicarcinogen (causing leukemia)
by all routes of exposure, and concludes that exjgas associated with additional health
effects, including genetic changes in both humaasaaimals and increased proliferation of

bone marrow cells in micg:?>%® EPA states in its IRIS database that data indiaatausal

2L U.S. Environmental Protection Agency (U.S. EPA)Q. Integrated Risk Information System File fonBene.
Research and Development, National Center for Bnuental Assessment, Washington, DC. This material
available electronically at: http://www.epa.gogigubst/0276.htm.

#|nternational Agency for Research on Cancer, IAR@hagraphs on the evaluation of carcinogenic risk of
chemicals to humans, Volume 29, Some industriatmtels and dyestuffs, International Agency for Resk
on Cancer, World Health Organization, Lyon, Fraqre345-389, 1982.

B|rons, R.D.; Stillman, W.S.; Colagiovanni, D.B.; iig, V.A. (1992) Synergistic action of the benzenetabolite
hydroquinone on myelopoietic stimulating activiiygsanulocyte/macrophage colony-stimulating fa@tovitro,
Proc. Natl. Acad. Sci. 89:3691-3695.
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relationship between benzene exposure and acugghlyeytic leukemia and suggest a
relationship between benzene exposure and chromidymphocytic leukemia and chronic
lymphocytic leukemia. The International Agency Research on Carcinogens (IARC) has
determined that benzene is a human carcinogerhand.&. Department of Health and Human
Services (DHHS) has characterized benzene as arkhoman carcinogeti” A number of
adverse noncancer health effects including blosdrders, such as preleukemia and aplastic
anemia, have also been associated with long-teposexe to benzerte?” The most sensitive
noncancer effect observed in humans, based onntulata, is the depression of the absolute
lymphocyte count in bloo&* In addition, recent work, including studies spmesl by the
Health Effects Institute (HEI), provides evidenbattbiochemical responses are occurring at
lower levels of benzene exposure than previousbmr?3*>3 EPA’s IRIS program has not
yet evaluated these new data.

2 International Agency for Research on Cancer (IARC987. Monographs on the evaluation of carcinagesk
of chemicals to humans, Volume 29, Supplement meSimdustrial chemicals and dyestuffs, World Health
Organization, Lyon, France.

% U.S. Department of Health and Human Services Nati@oxicology Program 11th Report on Carcinogens
available at: http://ntp.niehs.nih.gov/go/16183.

% Aksoy, M. (1989). Hematotoxicity and carcinogétyiof benzene. Environ. Health Perspect. 82:-193.
?’Goldstein, B.D. (1988). Benzene toxicity. Ocdigzal medicine. State of the Art Reviews. 3: 58U,

*Rothman, N., G.L. Li, M. Dosemeci, W.E. BechtoldEGMarti, Y.Z. Wang, M. Linet, L.Q. Xi, W. Lu, M.T
Smith, N. Titenko-Holland, L.P. Zhang, W. Blot, S.Xin, and R.B. Hayes (1996) Hematotoxicity among
Chinese workers heavily exposed to benzene. AndJMed. 29:; 236-246.

29U.S. Environmental Protection Agency (U.S. EPA@0Integrated Risk Information System File for Bene
(Noncancer Effects). Research and DevelopmentohitCenter for Environmental Assessment, Wasbimgt
DC. This material is available electronically latitp://www.epa.gov/iris/subst/0276.htm.

%Qu, O.; Shore, R.; Li, G.; Jin, X.; Chen, C.L.; @ohB.; Melikian, A.; Eastmond, D.; Rappaport,1$,H.; Rupa,
D.; Suramaya, R.; Songnian, W.; Huifant, Y.; ideM.; Winnik, M.; Kwok, E.; Li, Y.; Mu, R.; XuB.;
Zhang, X.; Li, K. (2003). HEI Report 115, Validati & Evaluation of Biomarkers in Workers Exposed to
Benzene in China.

3Qu, Q., R. Shore, G. Li, X. Jin, L.C. Chen, B. Cohet al. (2002). Hematological changes among &gin
workers with a broad range of benzene exposur@s. JAIndustr. Med. 42: 275-285.

#|an, Qing, Zhang, L., Li, G., Vermeulen, R., et(8004). Hematotoxically in Workers Exposed to Lbewels
of Benzene. Science 306: 1774-1776.

$Turtletaub, K.W. and Mani, C. (2003). Benzene teliam in rodents at doses relevant to human expdsom
Urban Air. Research Reports Health Effect InsppéteNo0.113.
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4.4.2 Toluene*

Under the 2005 Guidelines for Carcinogen Risk Assest, there is inadequate
information to assess the carcinogenic potenti&loiene because studies of humans chronically
exposed to toluene are inconclusive, toluene wasarginogenic in adequate inhalation cancer
bioassays of rats and mice exposed for life, anceased incidences of mammary cancer and

leukemia were reported in a lifetime rat oral bgss

The central nervous system (CNS) is the primarnyetaior toluene toxicity in both
humans and animals for acute and chronic expos@BS dysfunction (which is often
reversible) and narcosis have been frequently sbdan humans acutely exposed to low or
moderate levels of toluene by inhalation: symptamskide fatigue, sleepiness, headaches, and
nausea. Central nervous system depression hasdgemted to occur in chronic abusers
exposed to high levels of toluene. Symptoms inelathxia, tremors, cerebral atrophy,
nystagmus (involuntary eye movements), and impapesbch, hearing, and vision. Chronic
inhalation exposure of humans to toluene also causttion of the upper respiratory tract, eye

irritation, dizziness, headaches, and difficultyhnsleep.

Human studies have also reported developmentalteffeuch as CNS dysfunction,
attention deficits, and minor craniofacial and liaromalies, in the children of women who
abused toluene during pregnancy. A substantialbdae examining the effects of toluene in
subchronic and chronic occupationally exposed hgnearsts. The weight of evidence from
these studies indicates neurological effects (mgaired color vision, impaired hearing,
decreased performance in neurobehavioral anabfsiges in motor and sensory nerve

conduction velocity, headache, and dizziness) asnbst sensitive endpoint.

4.4.3 Carbonyl sulfide

Limited information is available on the health etfeof carbonyl sulfide. Acute (short-

term) inhalation of high concentrations of carboswyifide may cause narcotic effects and irritate

3 All health effects language for this section cdmen: U.S. EPA. 2005. “Full IRIS Summary for Tolwen
(CASRN 108-88-3)" Environmental Protection Agentyegrated Risk Information System (IRIS), Office o
Health and Environmental Assessment, Environmerigédria and Assessment Office, Cincinnati, OH.
Available on the Internet athtp://www.epa.gov/iris/subst/0118.htm
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the eyes and skin in humafi$\o information is available on the chronic (loregrh),
reproductive, developmental, or carcinogenic eff@ttcarbonyl sulfide in humans. Carbonyl
sulfide has not undergone a complete evaluatiordetermination under U.S. EPA's IRIS

program for evidence of human carcinogenic potéfitia

4.4.4 Ethylbenzene

Ethylbenzene is a major industrial chemical produag alkylation of benzene. The pure
chemical is used almost exclusively for styrenedpntion. It is also a constituent of crude
petroleum and is found in gasoline and diesel fulsute (short-term) exposure to ethylbenzene
in humans results in respiratory effects such esathirritation and chest constriction, and
irritation of the eyes, and neurological effectstsas dizziness. Chronic (long-term) exposure
of humans to ethylbenzene may cause eye and Idtagian, with possible adverse effects on
the blood. Animal studies have reported effectthenblood, liver, and kidneys and endocrine
system from chronic inhalation exposure to ethyfieee. No information is available on the
developmental or reproductive effects of ethylb@ezia humans, but animal studies have
reported developmental effects, including birthedé$ in animals exposed via inhalation.
Studies in rodents reported increases in the ptxgerof animals with tumors of the nasal and
oral cavities in male and female rats exposedhylle¢nzene via the oral route® The reports of
these studies lacked detailed information on th&ance of specific tumors, statistical analysis,
survival data, and information on historical cotgrahus the results of these studies were
considered inconclusive by the International AgefacyResearch on Cancer (IARC, 2000) and
the National Toxicology Program (NTP¥? The NTP (1999) carried out a chronic inhalation

% Hazardous Substances Data Bank (HSDB), onlindodag. US National Library of Medicine, ToxicoloDgta
Network, available online at http://toxnet.nim.igbv/. Carbonyl health effects summary available at
http://toxnet.nim.nih.gov/cgi-bin/sis/search/r?dbsdb: @term+@rn+@rel+463-58-1.

% U.S. Environmental Protection Agency (U.S. EPA)0Q. Integrated Risk Information System File fort@myl
Sulfide. Research and Development, National Cdatdenvironmental Assessment, Washington, DC.sThi
material is available electronically at http://wvepa.gov/iris/subst/0617.htm.

37 Maltoni C, Conti B, Giuliano C and Belpoggi F, BO&xperimental studies on benzene carcinogeratitie
Bologna Institute of Oncology: Current results amgjoing research. Am J Ind Med 7:415-446.

38 Maltoni C, Ciliberti A, Pinto C, Soffritti M, Belpggi F and Menarini L, 1997. Results of long-terxperimental
carcinogenicity studies of the effects of gasolowyrelated fuels, and major gasoline aromaticeats1 Annals
NY Acad Sci 837:15-52.

*International Agency for Research on Cancer (IARXD)O0. Monographs on the Evaluation of Carcinog&istks
to Humans. Some Industrial Chemicals. Vol. 77,2¥-266. IARC, Lyon, France.
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bioassay in mice and rats and found clear evidehcarcinogenic activity in male rats and some
evidence in female rats, based on increased ino&deof renal tubule adenoma or carcinoma in
male rats and renal tubule adenoma in females. (1989) also noted increases in the incidence
of testicular adenoma in male rats. Increased @mads of lung alveolar/bronchiolar adenoma or
carcinoma were observed in male mice and liver togeular adenoma or carcinoma in female
mice, which provided some evidence of carcinogantwvity in male and female mice (NTP,
1999). IARC (2000) classified ethylbenzene as Gr2aBppossibly carcinogenic to humans,
based on the NTP studies.

445 Mixed xylenes

Short-term inhalation of mixed xylenes (a mixtuféhoee closely-related compounds) in
humans may cause irritation of the nose and thnaatsea, vomiting, gastric irritation, mild
transient eye irritation, and neurological efféét©ther reported effects include labored
breathing, heart palpitation, impaired functiortteé lungs, and possible effects in the liver and
kidneys? Long-term inhalation exposure to xylenes in husia&s been associated with a
number of effects in the nervous system includiegdaches, dizziness, fatigue, tremors, and
impaired motor coordinatioi.EPA has classified mixed xylenes in Category D,atassifiable

with respect to human carcinogenicity.

446 n-Hexane

The studies available in both humans and animdisaie that the nervous system is the
primary target of toxicity upon exposure of n-hexama inhalation. There are no data in humans
and very limited information in animals about tlegntial effects of n-hexane via the oral route.

Acute (short-term) inhalation exposure of humaniigh levels of hexane causes mild central

0 National Toxicology Program (NTP), 1999. Toxicojoand Carcinogenesis Studies of Ethylbenzene (CAS N
100-41-4) in F344/N Rats and in B6C3F1 Mice (InhialaStudies). Technical Report Series No. 466. NIH
Publication No. 99-3956. U.S. Department of Healtd Human Services, Public Health Service, National
Institutes of Health. NTP, Research Triangle PHIR,

“1U.S. Environmental Protection Agency (U.S. EPA)02. Integrated Risk Information System File forxisti
Xylenes. Research and Development, National Céotétnvironmental Assessment, Washington, DC.sThi
material is available electronically at http://wvepa.gov/iris/subst/0270.htm.

2 Agency for Toxic Substances and Disease Regi8ffiSDR), 2007. The Toxicological Profile for xyleis
available electronically at http://www.atsdr.cdoufiooxProfiles/TP.asp?id=296&tid=53.

“3 Agency for Toxic Substances and Disease Regi8ffiSDR), 2007. The Toxicological Profile for xyleis
available electronically at http://www.atsdr.cdouficoxProfiles/TP.asp?id=296&tid=53.
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nervous system effects, including dizziness, giéstn slight nausea, and headache. Chronic
(long-term) exposure to hexane in air causes nussinethe extremities, muscular weakness,
blurred vision, headache, and fatigue. Inhalasitoidies in rodents have reported behavioral
effects, neurophysiological changes and neuropadgincd| effects upon inhalation exposure to n-
hexane. Under the Guidelines for Carcinogen Riske&sment (U.S. EPA, 2005), the database
for n-hexane is considered inadequate to assesarhoancinogenic potential, therefore the EPA

has classified hexane in Group D, not classifialsléo human carcinogenicity.

4.4.7 Other Air Toxics

In addition to the compounds described above, dthec compounds might be affected
by these rules, including hydrogen sulfide$®) Information regarding the health effects of
those compounds can be found in EPA’s IRIS databfase

45 VOCs

451 VOCsasaPM2.5 precursor

This rulemaking would reduce emissions of VOCs,chtare a precursor to B Most
VOCs emitted are oxidized to carbon dioxide ¢Cfther than to PM, but a portion of VOC
emission contributes to ambient PMevels as organic carbon aerosols (U.S. EPA, 2009a)
Therefore, reducing these emissions would reducgsPddmation, human exposure to Ry
and the incidence of PM-related health effects. However, we have not tjfiath the PM s
relatedoenefits in this analysis. Analysis of organichmar measurements suggest only a
fraction of secondarily formed organic carbon ael®are of anthropogenic origin. The current
state of the science of secondary organic carbmsakformation indicates that anthropogenic
VOC contribution to secondary organic carbon adrissoften lower than the biogenic (natural)
contribution. Given that a fraction of secondafdymed organic carbon aerosols is from
anthropogenic VOC emissions and the extremely samatiunt of VOC emissions from this

sector relative to the entire VOC inventory it idikely this sector has a large contribution to

4 U.S. EPA. 2005. Guidelines for Carcinogen Riskesssnent. EPA/630/P-03/001B. Risk Assessment Forum,
Washington, DC. March. Available on the Internetlattp://www.epa.gov/ttn/atw/cancer_guidelinesafir8-
25-05.pdf>.

*5U.S. EPA Integrated Risk Information System (IR#&)abase is available at: www.epa.gov/iris
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ambient secondary organic carbon aerosols. Phertachl models typically estimate secondary

organic carbon from anthropogenic VOC emissiortsettess than 0.1 pgfm

Due to time limitations under the court-orderedesttiie, we were unable to perform air
quality modeling for this rule. Due to the highgdee of variability in the responsiveness of
PM_ sformation to VOC emission reductions, we are un#éblestimate the effect that reducing

VOCs will have on ambient PMlevels without air quality modeling.
45.2 PM,shealth effects and valuation

Reducing VOC emissions would reduce PNbrmation, human exposure, and the
incidence of PMsrelated health effects. Reducing exposure tg #8lassociated with
significant human health benefits, including avoglmortality and respiratory morbidity.
Researchers have associated,BMxposure with adverse health effects in numerous
toxicological, clinical and epidemiological studigs$.S. EPA, 2009a). When adequate data and
resources are available, EPA generally quantigegal health effects associated with exposure
to PMys(e.g., U.S. EPA (2010c)). These health effecthuohe premature mortality for adults
and infants, cardiovascular morbidity such as hatacks, hospital admissions, and respiratory
morbidity such as asthma attacks, acute and chhworechitis, hospital and ER visits, work loss
days, restricted activity days, and respiratory gtyms. Although EPA has not quantified these
effects in previous benefits analyses, the scieniiérature suggests that exposure to,2M
also associated with adverse effects on birth wepgle-term births, pulmonary function, other
cardiovascular effects, and other respiratory ¢$f@d.S. EPA, 2009a).

EPA assumes that all fine particles, regardleshaf chemical composition, are equally
potent in causing premature mortality because ¢tensfic evidence is not yet sufficient to
allow differentiation of effect estimates by paeitype (U.S. EPA, 2009a). Based on our
review of the current body of scientific literatuyeePA estimates PM-related mortality without
applying an assumed concentration threshold. ddxssion is supported by the data, which are
quite consistent in showing effects down to thedstimeasured levels of BMn the underlying

epidemiology studies.
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Previous studies have estimated the monetized ibepef-ton of reducing VOC
emissions associated with effect that those enmisdi@ave on ambient PMlevels and the health
effects associated with PiMexposure (Fann, Fulcher, and Hubbell, 2009). Utiegestimates
in Fann, Fulcher, and Hubbell (2009), the monetizexefit-per-ton of reducing VOC emissions
in nine urban areas of the U.S. ranges from $5&kemttle, WA to $5,700 in San Joaquin, CA,
with a national average of $2,400. These estinessme a 50 percent reduction in VOCs, the
Laden et al. (2006) mortality function (based om itrarvard Six City Study, a large cohort
epidemiology study in the Eastern U.S.), an analysar of 2015, and a 3 percent discount rate.

Based on the methodology from Fann, Fulcher, anabiil (2009), we converted their
estimates to 2008% and applied EPA’s current VSimede® After these adjustments, the range
of values increases to $680 to $7,000 per ton o€\Y&duced for Laden et al. (2006). Using
alternate assumptions regarding the relationshiwden PM sexposure and premature mortality
from empirical studies and supplied by experts @Petpal., 2002; Laden et al., 2006; Roman et
al., 2008), additional benefit-per-ton estimatesarailable from this dataset, as shown in Table
4-6. EPA generally presents a range of benefitsiates derived from Pope et al. (2002) to
Laden et al. (2006) because they are both wellgdesi and peer reviewed studies, and EPA
provides the benefit estimates derived from expgirions in Roman et al. (2008) as a
characterization of uncertainty. In addition te tange of benefits based on epidemiology
studies, this study also provided a range of benafisociated with reducing emissions in eight
specific urban areas. The range of VOC beneféasriflects the adjustments as well as the
range of epidemiology studies and the range otithan areas is $280 to $7,000 per ton of VOC

reduced.

While these ranges of benefit-per-ton estimatesigeouseful context for the break-even
analysis, the geographic distribution of VOC enussifrom the oil and gas sector are not
consistent with emissions modeled in Fann, Fulcled, Hubbell (2009). In addition, the
benefit-per-ton estimates for VOC emission redungtim that study are derived from total VOC

emissions across all sectors. Coupled with thgelanncertainties about the relationship

“® For more information regarding EPA’s current VSitimate, please see Section 5.4.4.1 of the RIAH®r
proposed Federal Transport Rule (U.S. EPA, 201B&A continues to work to update its guidance dning
mortality risk reductions.
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between VOC emissions and R}these factors lead us to conclude that the dtaidOC
benefit per ton estimates are not appropriate lttutze monetized benefits of these rules, even

as a bounding exercise.
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Table 4-6 Monetized Benefits-per-Ton Estimates fovOCs (2008%)
Area Pope et Ladenet Expert Expert Expert Expert Expert Expert Expert Expert Expert Expert Expert Expert
al. al. A B C D E F G H I J K L
Atlanta $620 $1,500 $1,600 $1,200 $1,200 $860 $2,081,100 $730 $920 $1,200$980  $250 $940
Chicago $1,500 $3,800 $4,000 $3,100 $3,000 $2,200,909 $2,800 $1,800 $2,300 $3,0082,500 $600 $2,400
Dallas $300 $740 $780 $610 $590 $420 $960  $540 $36B450  $590 $480  $120 $460
Denver $720 $1,800 $1,800 $1,400 $1,400 $1,000 0$2,3%1,300 $850 $1,100 $1,4041,100 $280 $850
Phill\gj(ezllphia $2,100 $5,200 $5,500 $4,300 $4,200 $3,000 $6,9009083 $2,500 $3,200 $4,20063,400 $830  $3,100
Phoenix $1,000 $2,500 $2,600 $2,000 $2,000 $1,408,30% $1,800 $1,200 $1,500 $2,0091,600 $400  $1,500
Salt Lake $1,300 $3,100  $3,300 $2,600 $2,500 $1,8$%8,100 $2,300 $1,500 $1,900 $2,5082,100 $530 $2,000
San Joaquin $2,900 $7,000 $7,400 $5,800 $5,600 084,069,100 $5,200 $3,400 $4,300 $5,604,600 $1,300 $4,400
Seattle $280 $680 $720 $530 $550 $390 $890  $500 O $33%420  $550 $450  $110 $330
National average $1,200 $3,000 $3,200 $2,400 $2,400 $1,700 $3,9002082 $1,400 $1,800 $2,400$1,900 $490 $1,800

* These estimates assume a 50 percent reductid@@ emissions, an analysis year of 2015, and a&péediscount rate. All estimates are roundetvto
significant digits. These estimates have beentapdaom Fann, Fulcher, and Hubbell (2009) to mfeemore recent currency year and EPA’s current VS
estimate. Using a discount rate of 7 percentb#refit-per-ton estimates would be approximatghegent lower. Assuming a 75 percent reductiovi@cC
emissions would increase the benefit-per-ton estisy approximately 4 percent to 52 percent. &g a 25 percent reduction in VOC emissions would
decrease the benefit-per-ton estimates by 5 petoé&# percent. EPA generally presents a rangpewnéfits estimates derived from Pope et al. (2092)
Laden et al. (2006) and provides the benefits eddémderived from the expert functions from Rorrizal.§2008) as a characterization of uncertainty.
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45.3 Organic PM welfare effects

According to the residual risk assessment forghigor (U.S. EPA, 2011a), persistent
and bioaccumulative HAP reported as emissions fsdand gas operations include polycyclic
organic matter (POM). POM defines a broad clasaipounds that includes the polycyclic
aromatic hydrocarbon compounds (PAHs). Severalfsignt ecological effects are associated
with deposition of organic particles, including gistent organic pollutants, and PAHs (U.S.
EPA, 2009a).

PAHSs can accumulate in sediments and bioaccumuldteshwater, flora, and fauna.
The uptake of organics depends on the plant spesiiesof deposition, physical and chemical
properties of the organic compound and prevailimgrenmental conditions (U.S. EPA, 2009a).
PAHs can accumulate to high enough concentratiossme coastal environments to pose an
environmental health threat that includes cancésimpopulations, toxicity to organisms living
in the sediment and risks to those (e.g., migrabings) that consume these organisms.
Atmospheric deposition of particles is thought ¢éothe major source of PAHSs to the sediments
of coastal areas of the U.S. Deposition of PMuidages in urban settings increases the metal
and organic component of storm water runoff. Etmmospherically-associated pollutant burden
can then be toxic to aquatic biota. The contridoutf atmospherically deposited PAHSs to
aguatic food webs was demonstrated in high elewatiountain lakes with no other

anthropogenic contaminant sources.

The recently completed Western Airborne Contammasisessment Project (WACAP)
is the most comprehensive database on contamir@aspiort and PM depositional effects on
sensitive ecosystems in the Western U.S. (Landexs, 008). In this project, the transport,
fate, and ecological impacts of anthropogenic aomants from atmospheric sources were
assessed from 2002 to 2007 in seven ecosystem cemiga(air, snow, water, sediment, lichen,
conifer needles, and fish) in eight core natioraakp. The study concluded that bioaccumulation
of semi-volatile organic compounds occurred thrauglpark ecosystems, an elevational
gradient in PM deposition exists with greater acalation in higher altitude areas, and

contaminants accumulate in proximity to individagriculture and industry sources, which is
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counter to the original working hypothesis that tradghe contaminants would originate from

Eastern Europe and Asia.

45.4 Vishbility Effects

Reducing secondary formation of RMvould improve visibility throughout the U.S.
Fine particles with significant light-extinctionfigiencies include sulfates, nitrates, organic
carbon, elemental carbon, and soil (Sisler, 1996%pended particles and gases degrade
visibility by scattering and absorbing light. Highasibility impairment levels in the East are
due to generally higher concentrations of fineipkas, particularly sulfates, and higher average
relative humidity levels. Visibility has directgsiificance to people’s enjoyment of daily
activities and their overall sense of wellbeingoo@ visibility increases the quality of life where
individuals live and work, and where they engageetreational activities. Previous analyses
(U.S. EPA, 2006b; U.S. EPA, 2010c; U.S. EPA, 20Ehmw that visibility benefits are a
significant welfare benefit category. Without qirality modeling, we are unable to estimate
visibility related benefits, nor are we able toatatine whether VOC emission reductions would

be likely to have a significant impact on visibjlin urban areas or Class | areas.

4.6 VOCs as an Ozone Precursor

This rulemaking would reduce emissions of VOCs,cohtare also precursors to
secondary formation of ozone. Ozone is not emiieettly into the air, but is created when its
two primary components, volatile organic compoufdSC) and oxides of nitrogen (NOx),
combine in the presence of sunlight. In urbangreampounds representing all classes of
VOCs and CO are important compounds for ozone foomabut biogenic VOCs emitted from
vegetation tend to be more important compound®murban vegetated areas (U.S. EPA,
2006a). Therefore, reducing these emissions waaldce ozone formation, human exposure to
ozone, and the incidence of ozone-related hedietsf However, we have not quantified the
ozone-relatebenefits in this analysis for several reasonsstHarevious rules have shown that
the monetized benefits associated with reducingp@zaxposure are generally smaller than PM-
related benefits, even when ozone is the pollutageted for control (U.S. EPA, 2010a).
Second, the complex non-linear chemistry of ozame&tion introduces uncertainty to the
development and application of a benefit-per-tdimee. Third, the impact of reducing VOC
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emissions is spatially heterogeneous dependingaat &ir chemistry. Urban areas with a high
population concentration are often VOC-limited, @fhmeans that ozone is most effectively
reduced by lowering VOCs. Rural areas and downwirzlirban areas are often NOx-limited,
which means that ozone concentrations are mosite#éy reduced by lowering NOx
emissions, rather than lowering emissions of VOBstween these areas, ozone is relatively

insensitive to marginal changes in both NOx and VOC

Due to time limitations under the court-orderedesttiie, we were unable to perform air
quality modeling for this rule. Due to the highgdee of variability in the responsiveness of
ozoneformation to VOC emission reductions, we are unablestimate the effect that reducing

VOCs will have on ambient ozone concentrations evithair quality modeling.

4.6.1 Ozone health effects and valuation

Reducing ambient ozone concentrations is assocmtbdsignificant human health
benefits, including mortality and respiratory matiby (U.S. EPA, 2010a). Epidemiological
researchers have associated ozone exposure wighsadwealth effects in numerous
toxicological, clinical and epidemiological studigs$.S. EPA, 2006¢c). When adequate data and
resources are available, EPA generally quantigeemal health effects associated with exposure
to ozone (e.g., U.S. EPA, 2010a; U.S. EPA, 201Taese health effects include respiratory
morbidity such as asthma attacks, hospital and genely department visits, school loss days, as
well as premature mortality. Although EPA has neawtified these effects in benefits analyses
previously, the scientific literature is suggestiliat exposure to ozone is also associated with

chronic respiratory damage and premature agingeofungs.

In a recent EPA analysis, EPA estimated that redutb,000 tons of VOCs from
industrial boilers resulted in $3.6 to $15 milliohmonetized benefits from reduced ozone
exposure (U.S. EPA, 20118).This implies a benefit-per-ton for ozone reduasiof $240 to
$1,000 per ton of VOCs reduced. While these ranfiegnefit-per-ton estimates provide useful
context, the geographic distribution of VOC emissiérom the oil and gas sector are not

consistent with emissions modeled in the boiletyw® Therefore, we do not believe that those

*"While EPA has estimated the ozone benefits forynsaenarios, most of these scenarios also reduce NO
emissions, which make it difficult to isolate thenefits attributable to VOC reductions.
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estimates to provide useful estimates of the mpeétbenefits of these rules, even as a bounding

exercise.

4.6.2 Ozone vegetation effects

Exposure to ozone has been associated with a wia @f vegetation and ecosystem
effects in the published literature (U.S. EPA, 2806Sensitivity to ozone is highly variable
across species, with over 65 plan species idetti#fge“0zone-sensitive”, many of which occur in
state and national parks and forests. These sfiieciude those that damage or impair the
intended use of the plant or ecosystem. Suchtefee considered adverse to the public welfare
and can include reduced growth and/or biomass jgtamuin sensitive plant species, including
forest trees, reduced crop yields, visible foligury, reduced plant vigor (e.g., increased
susceptibility to harsh weather, disease, insesitipéestation, and competition), species
composition shift, and changes in ecosystems agswteged ecosystem services.

4.6.3 Ozone climate effects

Ozone is a well-known short-lived climate forcir®CF) greenhouse gas (GHG) (U.S.
EPA, 2006a). Stratospheric ozone (the upper olay®ee) is beneficial because it protects life on
Earth from the sun’s harmful ultraviolet (UV) ratam. In contrast, tropospheric ozone (ozone
in the lower atmosphere) is a harmful air pollutidnatt adversely affects human health and the
environment and contributes significantly to regiband global climate change. Due to its short
atmospheric lifetime, tropospheric ozone conceiainatexhibit large spatial and temporal
variability (U.S. EPA, 2009b). A recent United Nats Environment Programme (UNEP) study
reports that the threefold increase in ground lezehe during the past 100 years makes it the
third most important contributor to human contrémitlimate change behind génd methane.
This discernable influence of ground level ozonelomate leads to increases in global surface
temperature and changes in hydrological cycless $tudy provides the most comprehensive
analysis to date of the benefits of measures too@&LCF gases including methane, ozone, and
black carbon assessing the health, climate, andudtgiral benefits of a suite of mitigation
technologies. The report concludes that the clinsathanging now, and these changes have the
potential to “trigger abrupt transitions such as thlease of carbon from thawing permafrost and
biodiversity loss” (UNEP 2011). While reducing tphived GHGs such as G@s necessary to
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protect against long-term climate change, reduSibGF gases including ozone is beneficial and

will slow the rate of climate change within thesfihalf of this century (UNEP 2011).
4.7 Methane (CHy)

4.7.1 Methane asan o0zone precursor

This rulemaking would reduce emissions of metharieng-lived GHG and also a
precursor to ozondn remote areas, methane is a dominant precurgoopospheric ozone
formation (U.S. EPA, 2006a). Unlike NOx and VO@#jch affect ozone concentrations
regionally and at hourly time scales, methane aonsgductions require several decades for the
ozone response to be fully realized, given metlsaradatively long atmospheric lifetime (HTAP,
2010). Studies have shown that reducing methameethice global background ozone
concentrations over several decades, which wouléfiidooth urban and rural areas (West et al.,
2006). Therefore, reducing these emissions waddaee ozone formation, human exposure to
ozone, and the incidence of ozone-related hedilctst The health, welfare, and climate effects
associated with ozone are described in the pregedictions. Without air quality modeling, we
are unable to estimate the effect that reducindhamet will have on ozone concentrations at

particular locations.

4.7.2 Methane climate effects and valuation

Methane is the principal component of natural gdethane is also a potent greenhouse
gas (GHG) that once emitted into the atmosphererbbgerrestrial infrared radiation which
contributes to increased global warming and coimigpalimate change. Methane reacts in the
atmosphere to form ozone and ozone also impadtaiemperatures. According to the
Intergovernmental Panel on Climate Change (IPC@QythcAssessment Report (2007), in 2004
the cumulative changes in methane concentratioree gireindustrial times contributed about 14
percent to global warming due to anthropogenic GddGrces, making methane the second
leading long-lived climate forcer after G@lobally. Methane, in addition to other GHG
emissions, contributes to warming of the atmospirieh over time leads to increased air and
ocean temperatures, changes in precipitation patterelting and thawing of global glaciers and
ice, increasingly severe weather events, such mEauoes of greater intensity, and sea level rise,

among other impacts.
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Processes in the oil and gas category emit sigmfiamounts of methane. The Inventory
of U.S. Greenhouse Gas Emissions and Sinks: 1999-¢fublished April 2011) estimates 2009
methane emissions from Petroleum and Natural Gae®g (not including petroleum refineries
and petroleum transportation) to be 251.55 (MM#€Q In 2009, total methane emissions from
the oil and gas industry represented nearly 40gm¢raf the total methane emissions from all
sources and account for about 5 percent of all-€fivalent (C@e) emissions in the U.S.,
with natural gas systems being the single largastributor to U.S. anthropogenic methane
emissions (U.S. EPA, 2011b, Table ES-2). It isontgnt to note that the 2009 emissions
estimates from well completions and recompletior@ugle a significant number of wells
completed in tight sand plays and the Marcellud&lue to availability of data when the 2009
Inventory was developed. The estimate in this psapincludes an adjustment for tight sand
plays and the Marcellus Shale, and such an adjmstimalso being considered as a planned
improvement in next year's Inventory. This adjustbveould increase the 2009 Inventory
estimate by about 80 MMtC£®. The total methane emissions from PetroleumNatdral Gas
Systems based on the 2009 Inventory, adjustedgior $and plays and the Marcellus Shale, is
approximately 330 MMtCoe.

This rulemaking proposes emission control technekgnd regulatory alternatives that
will significantly decrease methane emissions ftbmoil and natural gas sector in the United
States. The regulatory alternative proposed fiarrilie is expected to reduce methane emissions
annually by about 3.4 million short tons or appneately 65 million metric tons C&£e. These
reductions represent about 26 percent of the GHiSseons for this sector reported in the 1990-
2009 U.S. GHG Inventory (251.55 MMTG®@). This annual C&e reduction becomes about
62 million metric tons when the secondary impast&oaiated with increased combustion and
supplemental energy use on the producer side anee@dissions from changes in
consumption patterns previously discussed are deresi. However, it is important to note the
emissions reductions are based upon predictedtagiin 2015; EPA did not forecast sector-

level emissions to 2015 for this rulemaking. Thmate co-benefit from these reductions are
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equivalent of taking approximately 11 million typlgassenger cars off the road or eliminating

electricity use from about 7 million typical homesch yeaf?

EPA estimates the social benefits of regulatorioastthat have a small or “marginal”
impact on cumulative global G@missions using the “social cost of carbon” (SCThe SCC
is an estimate of the net present value of the ibmonetized damages from a one metric ton
increase in C@emissions in a given year (or from the alternapigespective, the benefit to
society of reducing CQemissions by one ton). The SCC includes (but idimated to) climate
damages due to changes in net agricultural prodtycthuman health, property damages from
flood risk, and ecosystem services due to climbh#nge. The SCC estimates currently used by
the Agency were developed through an interagenoygss that included EPA and other
executive branch entities, and concluded in FelgrR@t0. The Technical Support Document:
Social Cost of Carbon for Regulatory Impact Anadydnder Executive Order 12866 for the
final joint EPA/Department of Transportation Ruldamgy to establish Light-Duty Vehicle
Greenhouse Gas Emission Standards and Corporatage/Euel Economy Standards provides
a complete discussion of the methods used to devke&oSCC estimates (Interagency Working
Group on Social Cost of Carbon, 2010).

To estimate global social benefits of reduced €@issions, the interagency group
selected four SCC values for use in regulatoryyeesl $6, $25, $40, and $76 per metric ton of
CO, emissions in 2015, in 2008 dollars. The first éhwalues are based on the average SCC
estimated using three integrated assessment maa®ls), at discount rates of 5.0, 3.0, and 2.5
percent, respectively. When valuing the impactsliofate change, IAMs couple economic and
climate systems into a single model to capture i@ interactions between the components.
SCCs estimated using different discount ratesrarleded because the literature shows that the
SCC is quite sensitive to assumptions about theodi# rate, and because no consensus exists
on the appropriate rate to use in an intergeneralticontext. The fourth value is the 95th
percentile of the distribution of SCC estimatesfrall three models at a 3.0 percent discount
rate. It is included to represent higher-than-etgaedamages from temperature change further
out in the tails of the SCC distribution.

8 US Environmental Protection Agency. Greenhouse Buivalency Calculator available at:
http://www.epa.gov/cleanenergy/energy-resourcesitaior.html accessed 07/19/11.
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Although there are relatively few region- or coyrgpecific estimates of SCC in the
literature, the results from one model suggestdkie of domestic to global benefits of emission
reductions varies with key parameter assumptioosekample, with a 2.5 or 3 percent discount
rate, the U.S. benefit is about 7-10 percent ofglbbal benefit, on average, across the scenarios
analyzed. Alternatively, if the fraction of GDP {ahie to climate change is assumed to be
similar across countries, the domestic benefit wdndl proportional to the U.S. share of global
GDP, which is currently about 23 percent. On th&daf this evidence, values from 7 to 23
percent should be used to adjust the global SG@ltulate domestic effects. It is recognized
that these values are approximate, provisional hégitdly speculative. There is no a priori reason
why domestic benefits should be a constant fraatfamet global damages over time.

(Interagency Working Group on Social Cost of Carl®#61.0).

The interagency group noted a number of limitatimnthe SCC analysis, including the
incomplete way in which the integrated assessmeafes capture catastrophic and non-
catastrophic impacts, their incomplete treatmeradaptation and technological change,
uncertainty in the extrapolation of damages to heghperatures, and assumptions regarding risk
aversion. The limited amount of research linkingnelte impacts to economic damages makes
estimating damages from climate change even méfreul. The interagency group hopes that
over time researchers and modelers will work idtigse gaps and that the SCC estimates used
for regulatory analysis by the Federal governmahtoantinue to evolve with improvements in
modeling. Additional details on these limitations discussed in the SCC TSD.

A significant limitation of the aforementioned irdgency process particularly relevant to
this rulemaking is that the social costs of non,@MG emissions were not estimated.
Specifically, the interagency group did not dirg@stimate the social cost of non-CGHGs
using the three models. Moreover, the group detednithat it would not transform the GO
estimates into estimates for non-O0GHGs using global warming potentials (GWPs), which
measure the ability of different gases to trap hrettie atmosphere (i.e., radiative forcing per
unit of mass) over a particular timeframe relativ&€€0,. One potential method for
approximating the value of marginal non-CGHG emission reductions is to convert the

reductions to C@equivalents which may then be valued using the SC@nversion to C&e is
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typically done using the GWPs for the non-fas. The GWP is an aggregate measure that
approximates the additional energy trapped in tir@gphere over a given timeframe from a
perturbation of a non-C{Qyas relative to C® The time horizon most commonly used is 100
years. One potential problem with utilizing temgldbr aggregated statistics, such as the GWPs,
is that the additional radiative forcing from thélG perturbation is not constant over time and
any differences in temporal dynamics between gaflebe lost. This is a potentially
confounding issue given that the social cost of GhEXased on a discounted stream of
damages that are non-linear in temperature. Fanpka methane has an expected adjusted
atmospheric lifetime of about 12 years and assedi&WP of 21 (IPCC Second Assessment
Report (SAR) 100-year GWP estimate). Gases wihaater lifetime, such as methane, have
impacts that occur primarily in the near term dmastare not discounted as heavily as those
caused by the longer-lived gases, while the GWé&gradditional forcing the same independent
of when it occurs in time. Furthermore, the bametemperature change is lower in the near
term and therefore the additional warming fromtreéy short lived gases will have a lower
marginal impact relative to longer lived gases tiate an impact further out in the future when
baseline warming is higher. The GWP also relieamarbitrary time horizon and constant
concentration scenario. Both of which are incdesiswith the assumptions used by the SCC
interagency workgroup. Finally, impacts other themperature change also vary across gases in
ways that are not captured by GWP. For instanCe,dgmissions, unlike methane will result in
CO, passive fertilization to plants.

In light of these limitations, and the signifi¢aontributions of non-C®emissions to
climate change, further analysis is required tk ion-CQ emissions to economic impacts and
to develop social cost estimates for methane gpaltff. Such work would feed into efforts to
develop a monetized value of reductions in metlggaenhouse gas emissions in assessing the
co-benefits of this rulemaking. As part of ongowmgrk to further improve the SCC estimates,
the interagency group hopes to develop methodalte\greenhouse gases other than, SGch

as methane, by the time SCC estimates fos €@issions are revised.

The EPA recognizes that the methane reductionsoged in this rule will provide

significant economic climate co-benefits to societjowever, EPA finds itself in the position of
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having no interagency accepted monetary valuetatten these co-benefits. The ‘GWP
approach’ of converting methane to £©using the GWP of methane, as previously destyibe
is one approximation method for estimating the niaed value of the methane reductions
anticipated from this rule. This calculation uies GWP of the non-C{yas to estimate GO
equivalents and then multiplies these &Quivalent emission reductions by the SCC to gdrer
monetized estimates of the co-benefits. If oneandkese calculations for the proposed Option
2 (including expected methane emission reductioora the NESHAP amendments and NSPS
and considers secondary impacts) of the oil andwgasthe 2015 co-benefits vary by discount
rate and range from about $373 million to over $llfon; the SCC at the 3 percent discount
rate ($25 per metric ton) results in an estimat®106 billion in 2015. These co-benefits equate
to a range of approximately $110 to $1,400 pertdioorof methane reduced depending upon the
discount rate assumed with a per ton estimate 8 $4 the 3 percent discount rate

As previously stated, these co-benefit estimatesat the same as would be derived
using a directly computed social cost of methasenfuthe integrated assessment models
employed to develop the SCC estimates) for a waokteasons including the shorter
atmospheric lifetime ahethane relative to Cabout 12 years compared to £&hose
concentrations in the atmosphere decay on timesoéldecades to millennia). The climate
impacts also differ between the pollutants for oeasother than the radiative forcing profiles and
atmospheric lifetimes of these gases. Methangreeursor to ozone and ozone is a short-lived
climate forcer as previously discussed. This ush@SAR GWP to approximate benefits may
underestimate the direct radiative forcing benefiteeduced ozone levels, and does not capture
any secondary climate co-benefits involved withrezecosystem interactions. In addition, a
recent NCEE working paper suggests that this q@¥P approach’ to benefits estimation will
likely understate the climate benefits of methasguctions in most cases (Marten and Newbold,
2011). This conclusion is reached using the 1@0 @&NVP for methane of 25 as put forth in the
IPCC Fourth Assessment Report as opposed to ther ealue of 21 used in this analysis. Using
the higher GWP estimate of 25 would increase thejserted methane climate co-benefit
estimates by about 19 percent. Although the IPG@tR Assessment Report suggested a GWP
of 25, EPA has used GWP of 21 consistent with @G SAR to estimate the methane climate

co-benefits for this oil and gas proposal. Theafshe SAR GWP values allows comparability
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of data collected in this proposed rule to thearati GHG inventory that EPA compiles annually
to meet U.S. commitments to the United Nations enaork Convention on Climate Change
(UNFCCC). To comply with international reportingrstiards under the UNFCCC, official
emission estimates are to be reported by the Wd&Gother countries using SAR GWP values.
The UNFCCC reporting guidelines for national invergs were updated in 2002 but continue to
require the use of GWPs from the SAR. The partab¢é UNFCCC have also agreed to use
GWPs based upon a 100-year time horizon althouggr dime horizon values are available.

The SAR GWP value for methane is also currentlyluseestablish GHG reporting requirements
as mandated by the GHG Reporting Rule (2010e)sandad by the EPA to determine Title V
and Prevention of Significant Deterioration GHGm#ting requirements as modified by the
GHG Tailoring Rule (2010f).

EPA also undertook a literature search for esesaft the marginal social cost of
methane. A range of marginal social cost of metHzenefit estimates are available in published
literature (Fankhauser (1994), Kandlikar (1995)niatt et al. (1996), Tol et al. (2003), Tol, et
al. (2006), Hope (2005) and Hope and Newberry (200&0st of these estimates are based upon
modeling assumptions that are dated and inconsisiémthe current SCC estimates. Some of
these studies focused on marginal methane redsatiaihe 1990s and early 2000s and report
estimates for only the single year of interest gfmeto the study. The assumptions underlying
the social cost of methane estimates availableaditerature differ from those agreed upon by
the SCC interagency group and in many cases use \adsions of the IAMs. Without
additional analysis, the methane climate benefiineges available in the current literature are

not acceptable to use to value the methane redaisgbimposed in this rulemaking.

Due to the uncertainties involved with ‘GWP apmiggestimates presented and
estimates available in the literature, EPA choosgto compare these co-benefit estimates to
the costs of the rule for this proposal. Rathes,EPA presents the ‘GWP approach’ climate co-
benefit estimates as an interim method to prodower-bound estimates until the interagency
group develops values for non-€¢GQHGs. EPA requests comments from interestedgsaaind
the public about this interim approach specificalhd more broadly about appropriate methods
to monetize the climate co-benefits of methanectdns. In particular, EPA seeks public

comments to this proposed rulemaking regardingasgoist of methane estimates that may be

4-33



used to value the co-benefits of methane emissidaations anticipated for the oil and gas
industry from this rule. Comments specific to WwiestGWP is an acceptable method for
generating a placeholder value for the social cbetethane until interagency modeled estimates
become available are welcome. Public comments ragydwvided in the official docket for this
proposed rulemaking in accordance with the prooati;ned in the preamble for the rule. These

comments will be considered in developing the frode for this rulemaking.
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5 STATUTORY AND EXECUTIVE ORDER REVIEWS

5.1 Executive Order 12866, Regulatory Planning and Regiv and Executive Order

13563, Improving Regulation and Regulatory Review

Under Executive Order 12866 (58 FR 51735, Octob&©93), this action is an
“economically significant regulatory action” becausis likely to have an annual effect on the
economy of $100 million or more. Accordingly, thB& submitted this action to OMB for
review under Executive Orders 12866 and 13563 F@821, January 21, 2011) and any
changes made in response to OMB recommendatiormsb®an documented in the docket for
this action.

In addition, the EPA prepared a RIA of the potdrdasts and benefits associated with
this action. The RIA available in the docket ddsesiin detail the empirical basis for the EPA’s
assumptions and characterizes the various soufecesertainties affecting the estimates below.

Table 5-1 shows the results of the cost and benafialysis for these proposed rules.
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Table 5-1

Summary of the Monetized Benefits, Costand Net Benefits for the

Proposed Oil and Natural Gas NSPS and NESHAP Amendemts in 2015 (millions of

2008%}

Proposed NSPS

Proposed NSPS and

Proposed NESHAP NESHAP Amendments

Amendments

Combined
Total Monetized Benefits N/A N/A N/A
Total Costd -$45 million $16 million -$29 million
Net Benefits N/A N/A N/A

37,000 tons of HAPs

540,000 tons of VOCs
3.4 million tons of methane

Health effects of HAP
exposuré

Health effects of PMsand
0zone exposure

Visibility impairment
Vegetation effects
Climate effects

Non-monetized Benefits

Health effects of PMsand

1,400 tons of HAPs 38,000 tfridAPs

9,200 tons of VOCs 540,008 bf VOCs
4,900 tons of methane 3.4 million tons of methane

Health effects of HAP Health effects of HAP
exposuré exposuré

Health effects of PMsand
0zone exposure

Visidity impairment
Vegetatiffacts
Climate effecty

0zone exposure

Visibility impairment
Vegetation effects
Climate effectd

" All estimates are for the implementation year (2045 include estimated revenue from additionalirsgas

recovery as a result of the NSPS.

2While we expect that these avoided emissions el in improvements in air quality and reductiongealth
effects associated with HAPS, ozone, and partieutatter (PM) as well as climate effects associaiéd methane, we
have determined that quantification of those bémefd co-benefits cannot be accomplished forrthésin a
defensible way. This is not to imply that there ao benefits or co-benefits of the rules; ratheas,a reflection of the
difficulties in modeling the direct and indirectpaicts of the reductions in emissions for this itdaissector with the
data currently available. The specific controhtealogies for the proposed NSPS are anticipatédte minor
secondary disbenefits, including an increase of@¥Dtons of CQ 510 tons of NOx, 7.6 tons of PM, 2,800 tons of
CO, and 1,000 tons of total hydrocarbons (THC) all # emission reductions associated with theggngystem
impacts. The net C&equivalent emission reductions are 62 million medtrns.

®The engineering compliance costs are annualized s percent discount rate.

*The negative cost for the NSPS Options 1 and 2atsfithe inclusion of revenues from additional redtgas and
hydrocarbon condensate recovery that are estinastadresult of the proposed NSPS. Possible exjgasdor why
there appear to be negative cost control technetogjie discussed in the engineering costs analysion in the RIA.

®Reduced exposure to HAPs and climate effects atenefits.
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5.2 Paperwork Reduction Act

The information collection requirements in thispoeed action have been submitted for
approval to OMB under the PRA4 U.S.C. 3501, edeq The ICR document prepared by the
EPA has been assigned EPA ICR Numbers 1716.07 E#gart 60, subpart OO0O0), 1788.10
(40 CFR part 63, subpart HH), 1789.07 (40 CFR @3ytsubpart HHH), and 1086.10 (40 CFR
part 60, subparts KKK and subpart LLL).

The information to be collected for the proposedS&nd the proposed NESHAP
amendments are based on notification, recordkegpmdjreporting requirements in the
NESHAP General Provisions (40 CFR part 63, subfgrivhich are mandatory for all operators
subject to national emission standards. Thesedkeeping and reporting requirements are
specifically authorized by section 114 of the CAR (U.S.C. 7414). All information submitted
to the EPA pursuant to the recordkeeping and ramgpréquirements for which a claim of
confidentiality is made is safeguarded accordinggency policies set forth in 40 CFR part 2,

subpart B.

These proposed rules would require maintenanceatigms of the control devices, but
would not require any notifications or reports bayohose required by the General Provisions.
The recordkeeping requirements require only theipenformation needed to determine

compliance.

For sources subject to the proposed NSPS, the huegeesents labor hours and costs
associated from annual reporting and recordkedpingach affected facility. The estimated
burden is based on the annual expected numbefeated operators for the first three years
following the effective date of the standards. Dheden is estimated to be 560,000 labor hours
at a cost of around$18 million per year. This ides the labor and cost estimates previously
estimated for sources subject to 40 CFR part @ipatt KKK and subpart LLL (which is being
incorporated into 40 CFR part 60, subpart OOOOg average hours and cost per regulated
entity, which is assumed to be on a per operatsiskexcept for natural gas processing plants
(which are estimated on a per facility basis) sctije the NSPS for oil and natural gas
production and natural gas transmissions and loigtan facilities would be 110 hours per

response and $3,693 per response based on aneweérhg59 operators responding per year
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and 16 responses per year. The majority of resgarseexpected to be notifications of
construction. One annual report is required that melude all affected facilities owned per
each operator. Burden by for the proposed NSPSassd on EPA ICR Number 1716.07.

The estimated recordkeeping and reporting burdien #ife effective date of the proposed
amendments is estimated for all affected majoraaed sources subject to the oil and natural gas
production NESHAP (40 CFR 63, subpart HH) to berapimnately 63,000 labor hours per year
at a cost of $2.1 million per year. For the natgis transmission and storage NESHAP, the
recordkeeping and reporting burden is estimatdxetd,500 labor hours per year at a cost of
$86,800 per year. This estimate includes the dogpwrting, including reading instructions, and
information gathering. Recordkeeping cost estimetelside reading instructions, planning
activities, and conducting compliance monitoringeTaverage hours and cost per regulated
entity subject to the oil and natural gas productd&ESHAP would be 72 hours per year and
$2,500 per year based on an average of 846 fasilier year and three responses per facility.
For the natural gas transmission and storage NESH#®&Raverage hours and cost per regulated
entity would be 50 hours per year and $1,600 par gased on an average of 53 facilities per
year and three responses per facility. Burdenfiselg at 5 CFR 1320.3(b). Burden for the oill
and natural gas production NESHAP is estimated uBB& ICR Number 1788.10. Burden for
the natural gas transmission and storage NESHA&Btismated under EPA ICR Number 1789.07.

5.3 Regulatory Flexibility Act

The Regulatory Flexibility Act as amended by thea8rBusiness Regulatory
Enforcement Fairness Act (SBREFA) generally requine agency to prepare a regulatory
flexibility analysis of any rule subject to notiaad comment rulemaking requirements under the
Administrative Procedure Act or any other statutdess the agency certifies that the rule will
not have a significant economic impact on a sulistamumber of small entities. Small entities
include small businesses, small governmental jigtigehs, and small not-for-profit enterprises.
For purposes of assessing the impact of this milenaall entities, a small entity is defined as: (1)
a small business whose parent company has no memeb00 employees (or revenues of less
than $7 million for firms that transport naturakgaa pipeline); (2) a small governmental

jurisdiction that is a government of a city, courtown, school district, or special district with a
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population of less than 50,000; and (3) a smalhoization that is any not-for-profit enterprise

which is independently owned and operated andtisiominant in its field.

5.3.1 Proposed NSPS

After considering the economic impact of the PrgabSISPS on small entities, | certify
that this action will not have a significant econommpact on a substantial number of small
entities (SISNOSE). EPA performed a screeningyaisfor impacts on a sample of expected
affected small entities by comparing compliancdasts entity revenues. Based upon the
analysis in Section 7.4 in this RIA, EPA recognittest a subset of small firms is likely to be
significantly impacted by the proposed NSPS. Havethe number of significantly impacted
small businesses is unlikely to be sufficientlygkato declare a SISNOSE. Our judgment in this
determination is informed by the fact that the fiewel compliance cost estimates used in the
small business impacts analysis are likely overreges of the compliance costs faced by firms
under the Proposed NSPS; these estimates do hadénihe revenues that producers are
expected receive from the additional natural gaevery engendered by the implementation of
the controls evaluated in this RIA. As much of #uglitional natural gas recovery is estimated to
arise from well completion-related activities, weect the impact on well-related compliance
costs to be significantly mitigated, if not fullyfset. Although this final rule will not have a
significant economic impact on a substantial nundfesmall entities, EPA nonetheless has tried
to reduce the impact of this rule on small entibgghe selection of highly cost-effective

controls and specifying monitoring requirementd #ra the minimum to insure compliance.

5.3.2 Proposed NESHAP Amendments

After considering the economic impact of the PrggoSIESHAP Amendments on small
entities, | certify that this action will not hagesignificant economic impact on a substantial
number of small entities. Based upon the analgs&ection 7.4 in this RIA, we estimate that 62
of the 118 firms (53 percent) that own potentialtiected facilities are small entities. EPA
performed a screening analysis for impacts onxgléeeted affected small entities by comparing
compliance costs to entity revenues. Among the ldimals, 52 of the 62 (84 percent) are likely

to have impacts of less than 1 percent in termbefatio of annualized compliance costs to



revenues. Meanwhile 10 firms (16 percent) ardyike have impacts greater than 1 percent.
Four of these 10 firms are likely to have impactsater than 3 percent. While these 10 firms
might receive significant impacts from the propoB#e5HAP amendments, they represent a
very small slice of the oil and gas industry indttirety, less than 0.2 percent of the estimated
6,427 small firms in NAICS 211. Although this flrale will not impact a substantial number
of small entities, EPA nonetheless has tried tacedhe impact of this rule on small entities by

setting the final emissions limits at the MACT ftpthe least stringent level allowed by law.

5.4 Unfunded Mandates Reform Act

This proposed rule does not contain a federal martlat may result in expenditures of
$100 million or more for state, local, and tribalvgrnments, in the aggregate, or to the private
sector in any one year. Thus, this proposed rub@tisubject to the requirements of sections 202
or 205 of UMRA.

This proposed rule is also not subject to the reguents of section 203 of UMRA
because it contains no regulatory requirementsntingtit significantly or uniquely affect small
governments because it contains no requiremerntspipdy to such governments nor does it

impose obligations upon them.

5.5 Executive Order 13132: Federalism

This proposed rule does not have federalism imgptina. It will not have substantial
direct effects on the states, on the relationsktp/een the national government and the states, or
on the distribution of power and responsibiliti@scng the various levels of government, as
specified in Executive Order 13132. Thus, Execu@vder 13132 does not apply to this

proposed rule.

5.6 Executive Order 13175: Consultation and Coordinatin with Indian Tribal

Governments

Subject to the Executive Order 13175 (65 FR 67Rfember 9, 2000) the EPA may

not issue a regulation that has tribal implicatjdhat imposes substantial direct compliance



costs, and that is not required by statute, urifes$ederal government provides the funds
necessary to pay the direct compliance costs iaduyy tribal governments, or the EPA consults
with tribal officials early in the process of devping the proposed regulation and develops a
tribal summary impact statement. The EPA has calecluhat this proposed rule will not have
tribal implications, as specified in Executive Ord8175. It will not have substantial direct
effect on tribal governments, on the relationstepreen the federal government and Indian
tribes, or on the distribution of power and resloilises between the federal government and
Indian tribes, as specified in Executive Order B81Thus, Executive Order 13175 does not

apply to this action.

5.7 Executive Order 13045: Protection of Children fromEnvironmental Health Risks

and Safety Risks

This proposed rule is subject to Executive Ordé¥453(62 FR 19885, April 23, 1997)
because it is economically significant as defime&xecutive Order 12866. However, EPA does
not believe the environmental health or safetysristtdressed by this action present a
disproportionate risk to children. This action wboot relax the control measures on existing
regulated sources. EPA's risk assessments (indludine docket for this proposed rule)
demonstrate that the existing regulations are #&ssacwith an acceptable level of risk and

provide an ample margin of safety to protect pubéalth.

5.8 Executive Order 13211: Actions Concerning Regulatins That Significantly Affect
Energy Supply, Distribution, or Use

Executive Order 13211, (66 FR 28,355, May 22, 200bvides that agencies shall
prepare and submit to the Administrator of the €&ffof Information and Regulatory Affairs,
OMB, a Statement of Energy Effects for certain@udiidentified as significant energy actions.
Section 4(b) of Executive Order 13211 defines “Bigant energy actions” as “any action by an

agency (normally published in the Federal Reditteat promulgates or is expected to lead to

the promulgation of a final rule or regulation, lumting notices of inquiry, advance notices of
proposed rulemaking, and notices of proposed rutergal)(i) that is a significant regulatory
action under Executive Order 12866 or any successiar, and (ii) is likely to have a significant
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adverse effect on the supply, distribution, or ofsenergy; or 2) that is designated by the
Administrator of the Office of Information and Régtory Affairs as a significant energy
action.”

The proposed rules will result in the additiorcohtrol equipment and monitoring
systems for existing and new sources within thed natural gas industry. The proposed
NESHAP amendments are unlikely to have a signifieaiverse effect on the supply,
distribution, or use of energy. As such, the prepldSESHAP amendments are not “significant
energy actions” as defined in Executive Order 132686 FR 28355, May 22, 2001).

The proposed NSPS is also unlikely to have a fsogmt adverse effect on the supply,
distribution, or use of energy. As such, the pregoSPS is not a “significant energy action” as
defined in Executive Order 13211 (66 FR 28355, K2y2001). The basis for the determination
is as follows.

We use the NEMS to estimate the impacts of thpgsed NSPS on the United States
energy system. The NEMS is a publically availabtedei of the United States energy economy
developed and maintained by the Energy Informatidministration of the U.S. DOE and is
used to produce the Annual Energy Outlook, a refegublication that provides detailed
forecasts of the United States energy economy.

Proposed emission controls for the NSPS captur€ ¥fissions that otherwise would
be vented to the atmosphere. Since methane is ttedwith VOC, a large proportion of the
averted methane emissions can be directed intoat@fas production streams and sold. One
pollution control requirement of the proposed N&#s® captures saleable condensates. The
revenues from additional natural gas and condemesateery are expected to offset the costs of
implementing the proposed NSPS.

The analysis of energy impacts for the proposeBSithat includes the additional
product recovery shows that domestic natural gadymtion is estimated to increase (20 billion
cubic feet or 0.1 percent) and natural gas priceketrease ($0.04/Mcf or 0.9 percent at the
wellhead for producers in the lower 48 states)dh3 the year of analysis. Domestic crude oil
production is not estimated to change, while croitlprices are estimated to decrease slightly
($0.02/barrel or less than 0.1 percent at the watifor producers in the lower 48 states) in

2015, the year of analysis. All prices are in 2d08ars.
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Additionally, the NSPS establishes several peréoroe standards that give regulated
entities flexibility in determining how to best cpbg with the regulation. In an industry that is
geographically and economically heterogeneous flggility is an important factor in
reducing regulatory burden.

5.9 National Technology Transfer and Advancement Act

Section 12(d) of the National Technology Transfied Advancement Act of 1995
(“NTTAA”"), Public Law No. 104-113 (15 U.S.C. 272 t&) directs the EPA to use VCS in its
regulatory activities unless to do so would be msistent with applicable law or otherwise
impractical. Voluntary consensus standards arenteahstandards (e.g., materials specifications,
test methods, sampling procedures, and businessqas) that are developed or adopted by
VCS. The NTTAA directs the EPA to provide Congrabkspugh OMB, explanations when the
Agency decides not to use available and applicedis.

The proposed rule involves technical standardsrdtbre, the requirements of the
NTTAA apply to this action. We are proposing toisev40 CFR part 63, subparts HH and HHH
to allow ANSI/ASME PTC 19.10-1981, Flue and Exhabas Analyses (Part 10, Instruments
and Apparatus) to be used in lieu of EPA Methods@8nd 16A. This standard is available
from the American Society of Mechanical Engine&SNIE), Three Park Avenue, New York,
NY 10016-5990. Also, we are proposing to reviseCHR part 63, subpart HHH, to allow
ASTM D6420-99(2004), “Test Method for DeterminatioinGaseous Organic Compounds by
Direct Interface Gas Chromatography/Mass Spectnyfhiet be used in lieu of EPA Method 18.
For a detailed discussion of this VCS, and its appateness as a substitute for Method 18, see
the final oil and natural gas production NESHAPdASources) (72 FR 36, January 3, 2007).

As a result, the EPA is proposing ASTM D6420-90use in 40 CFR part 63, subpart
HHH. The EPA also proposes to allow Method 18 asgion in addition to ASTM D6420-
99(2004). This would allow the continued use of &@figurations other than GC/MS.

The EPA welcomes comments on this aspect of thiegsed rulemaking and,
specifically, invites the public to identify poteadty-applicable VCS and to explain why such
standards should be used in this regulation.
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5.10 Executive Order 12898: Federal Actions to AddresEnvironmental Justice in

Minority Populations and Low-Income Populations

Executive Order 12898 (59 FR 7629, February 164)188tablishes federal executive
policy on Environmental Justice (EJ). Its main ps@n directs federal agencies, to the greatest
extent practicable and permitted by law, to make&td of their mission by identifying and
addressing, as appropriate, disproportionately aighadverse human health or environmental
effects of their programs, policies, and activitiesminority populations and low-income
populations in the United States.

To examine the potential for any EJ issues thahtrbg associated with each source
category, we evaluated the distributions of HARed cancer and noncancer risks across
different social, demographic, and economic grouisin the populations living near the
facilities where these source categories are ldcdiee methods used to conduct demographic
analyses for this rule are described in sectionD/dif the preamble for this rule. The
development of demographic analyses to inform tresicleration of EJ issues in EPA
rulemakings is an evolving science. The EPA offeesdemographic analyses in this proposed
rulemaking as examples of how such analyses mightielveloped to inform such consideration,
and invites public comment on the approaches useédhe interpretations made from the
results, with the hope that this will support teérrement and improve utility of such analyses
for future rulemakings.

For the demographic analyses, we focused on thelgigns within 50 km of any
facility estimated to have exposures to HAP whigsuit in cancer risks of 1-in-1 million or
greater, or noncancer Hl of 1 or greater (basethem®missions of the source category or the
facility, respectively). We examined the distrilauns of those risks across various demographic
groups, comparing the percentages of particularodgeaphic groups to the total number of
people in those demographic groups nationwide.rékelts, including other risk metrics, such
as average risks for the exposed populations,@rendented in source category-specific
technical reports in the docket for both sourcegaties covered in this proposal.

As described in the preamble, our risk assessndemt®nstrate that the regulations for

the oil and natural gas production and naturaligasmission and storage source categories, are
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associated with an acceptable level of risk antlittteaproposed additional requirements will
provide an ample margin of safety to protect pubéalth.

Our analyses also show that, for these sourcgaa¢s, there is no potential for an
adverse environmental effect or human health npatihway effects, and that acute and chronic
noncancer health impacts are unlikely. The EPAdssrmined that although there may be an
existing disparity in HAP risks from these sourbesnveen some demographic groups, no

demographic group is exposed to an unacceptaldé dévisk.
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6 COMPARISON OF BENEFITS AND COSTS

Because we are unable to estimate the monetarg wéline emissions reductions from
the proposed rule, we have chosen to rely upomakbeven analysis to estimate what the
monetary value benefits would need to attain ireotd equal the costs estimated to be imposed
by the rule. A break-even analysis answers thetgure “What would the benefits need to be
for the benefits to exceed the costs.” While akyeven approach is not equivalent to a benefits
analysis or even a net benefits analysis, we Feetésults are illustrative, particularly in the

context of previously modeled benefits.

The total cost of the proposed NSPS in the analy=as of 2015 when the additional
natural gas and condensate recovery is includéteianalysis is estimated at -$45 million for
domestic producers and consumers. EPA anticiplastshis rule would prevent 540,000 tons of
VOC, 3.4 million tons of methane, and 37,000 tohEAPs in 2015 from new sources. In 2015,
EPA estimates the costs for the NESHAP amendmkrgsdption to be $16 millioff. EPA
anticipates that this rule would reduce 9,200 wi¢OC, 4,900 tons of methane, and 1,400 tons
of HAPs in 2015 from existing sources. For the NB® amendments, a break-even analysis
suggests that HAP emissions would need to be vatu#d2,000 per ton for the benefits to
exceed the costs if the health benefits, and etarsyand climate co-benefits from the reductions
in VOC and methane emissions are assumed to be Hexe assume the health benefits from
HAP emission reductions are zero, the VOC emissiomdd need to be valued at $1,700 per ton
or the methane emissions would need to be valu$d,a00 per ton for the benefits to exceed
the costs. All estimates are in 2008 dollars.

For the proposed NSPS, the revenue from additioattairal gas recovery already exceeds
the costs, which renders a break-even analysisceseary. However, as discussed in Section
3.2.2., estimates of the annualized engineerintg¢bat include revenues from natural gas
product recovery depend heavily upon assumptiooatahe price of natural gas and
hydrocarbon condensates in analysis year 2015efdret we have also conducted a break-even

analysis for the price of natural gas. For the 8S#Pbreak-even analysis suggests that the price

9 See Section 3 of this RIA for more informationaedjng the cost estimates for the NESHAP.
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of natural gas would need to be at least $3.7Mwnéiin 2015 for the revenue from product
recovery to exceed the annualized costs. EIA @mscthat the price of natural gas would be
$4.26 per Mcf in 2015. In addition to the reveiineen product recovery, the NSPS would avert
emissions of VOCs, HAPs, and methane, which alehalue that could be incorporated into the
break-even analysis. Figure 6-1 illustrates onthoteof analyzing the break-even point with
alternate natural gas prices and VOC benefitsaslfan illustrative example, the price of natural
gas was only $3.00 per Mcf, VOCs would need todlaed at $260 per ton for the benefits to
exceed the costs. All estimates are in 2008 dollars
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Figure 6-1 lllustrative Break-Even Diagram for Alternate Natural Gas Prices for the

NSPS

With the data available, we are not able to proaadeedible benefit-per-ton estimate for
any of the pollutant reductions for these rulesdmpare to the break-even estimates. Based on

the methodology from Fann, Fulcher, and HubbelD@0average Pl health-related benefits



of VOC emissions are valued at $280 to $7,000@eatross a range of eight urban aféds.
addition, ozone benefits have been previously vhaie$240 to $1,000 per ton of VOC reduced.
Using the GWP approach, the climate co-benefitgedrom approximately $110 to $1,400 per
short ton of methane reduced depending upon tlveulns rate assumed with a per ton estimate

of $760 at the 3 percent discount rate.

These break-even benefit-per-ton estimates assamalt other pollutants have zero
value. Of course, it is inappropriate to assuna¢ ttme value of reducing any of these pollutants
is zero. Thus, the real break-even estimate isalligtiower than the estimates provided above
because the other pollutants each have non-zesditsetinat should be considered.
Furthermore, a single pollutant can have multiflects (e.g., VOCs contribute to both ozone
and PM sformation that each have health and welfare effebtst would need to be summed in
order to develop a comprehensive estimate of theetimed benefits associated with reducing

that pollutant.

As previously described, the revenue from additioadural gas recovery already
exceeds the costs of the NSPS, but even if the pfioatural gas was only $3.00 per Mcf, it is
likely that the VOC benefits would exceed the co#s a result, even if VOC emissions from
oil and natural gas operations result in monetlzekfits that are substantially below the
average modeled benefits, there is a reasonabheehlat the benefits of these rules would
exceed the costs, especially if we were able toatiom all of the benefits associated with ozone
formation, visibility, HAPs, and methane.

Table 6-1 and Table 6-2 present the summary obémefits, costs, and net benefits for
the NSPS and NESHAP amendment options, respectivieile 6-3 provides a summary of the
direct and secondary emissions changes for eaanopt

0 See Section 4.5 of this RIA for more informati@garding PMsbenefits and Section 4.6 for more information
regarding ozone benefits.



Table 6-1 Summary of the Monetized Benefits, Costand Net Benefits for the
Proposed Oil and Natural Gas NSPS in 2015 (millionsf 2008%}

Option 1: Alternative Option 2: Proposed' Option 3: Alternative
Total Monetized Benefits N/A N/A N/A
Total Costd -$19 million -$45 million $77 million
Net Benefits N/A N/A N/A
Non-monetized Benefits 17,000 tons of HAP’s 37,000 tons of HAPs 37,000 tons of HAPs
270,000 tons of VOCs 540,000 tons of VOCs 550 f0bs of VOCs

1.6 million tons of methane 3.4 million tons oftimene 3.4 million tons of methane

Health effects of HAP Health effects of HAP Health effects of HAP
exposure exposure exposura
Health effects of PMsand  Health effects of PMsand  Health effects of PMsand
0zone exposure 0zOone exposure 0zone exposure
Visibility impairment Visibility impairment Visidity impairment
Vegetation effects Vegetation effects Vegetatiffacts
Climate effects Climate effectd Climate effectd

L All estimates are for the implementation year (0% include estimated revenue from additionalirsgas
recovery as a result of the NSPS.

2While we expect that these avoided emissions el in improvements in air quality and reductiongealth
effects associated with HAPS, ozone, and partieutatter (PM) as well as climate effects associaiéd methane, we
have determined that quantification of those bésafd co-benefits cannot be accomplished forrtiésin a
defensible way. This is not to imply that there ao benefits or co-benefits of the rules; rattiés,a reflection of the
difficulties in modeling the direct and indirectpaicts of the reductions in emissions for this itdaissector with the
data currently available. The specific controhtealogies for the proposed NSPS are anticipatédte minor
secondary disbenefits, including an increase of@Dtons of CQ 510 tons of NOx, 7.6 tons of PM, 2,800 tons of
CO, and 1,000 tons of total hydrocarbons (THC) alt a emission reductions associated with theggngystem
impacts. The net C@equivalent emission reductions are 62 million meetyns.

®The engineering compliance costs are annualizedasi percent discount rate.
*The negative cost for the NSPS Options 1 and 2atsfithe inclusion of revenues from additional redtgas and
hydrocarbon condensate recovery that are estinastadresult of the proposed NSPS. Possible exjgasdor why

there appear to be negative cost control technedoglie discussed in the engineering costs anabysion in the RIA.

®Reduced exposure to HAPs and climate effects atenefits.
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Table 6-2 Summary of the Monetized Benefits, Costand Net Benefits for the
Proposed Oil and Natural Gas NESHAP amendments in@5 (millions of 2008%)

Option 1: Proposed (Floor)

Total Monetized Benefits N/A

Total Costd $16 million

Net Benefits N/A
Non-monetized Benefits 1,400 tons of HAPs

9,200 tons of VOC's

4,900 tons of methahe
Health effects of HAP exposure

Health effects of PMsand ozone exposu4re

Visibility impairment
Vegetation effecfs
Climate effect’

! All estimates are for the implementation year (9015

2While we expect that these avoided emissions et in improvements in air quality and reductionkealth
effects associated with HAPs, ozone, and PM asagatlimate effects associated with methane, we hav
determined that quantification of those benefitd eo-benefits cannot be accomplished for this inuke defensible
way. This is not to imply that there are no besedr co-benefits of the rules; rather, it is detfon of the
difficulties in modeling the direct and indirectpaicts of the reductions in emissions for this itidaissector with
the data currently available. The specific contieachnologies for the proposed NESHAP are antiegb&b have
minor secondary disbenefits, including an increzEs® 500 tons of Cg 2.9 tons of NOx, 16 tons of CO, and 6.0
tons of THC as well as emission reductions assetiafth the energy system impacts. The net-€quivalent
emission reductions are 93 thousand metric tons.

*The cost estimates are assumed to be equivalém engineering cost estimates. The engineerimpliance
costs are annualized using a 7 percent discoumt rat

“Reduced exposure to VOC emissions,,R&hd ozone exposure, visibility and vegetation éffeand climate
effects are co-benefits.
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Table 6-3 Summary of Emissions Changes for the Proged Oil and Gas NSPS and
NESHAP in 2015 (short tons per year)

NSPS NSPS Option 2 NSPS Option
Pollutant Option 1 (Proposed) 3 NESHAP
vOC -270,000 -540,000 -550,000 -9,200
Change in Direct Emissions Methane -1,600,000 -3,400,000 -3,400,000 -4,900
HAP -17,000 -37,000 -37,000 -1,400
CO, 990,000 990,000 990,000 5,500
NOXx 510 510 510 2.9
Change in Secondary
Emissions (Producer-Side} PM 7.6 7.6 7.6 0.1
CoO 2,800 2,800 2,800 16
THC 1,000 1,000 1,000 6.0
Change in Secondary i i
Emissions (Consumer-Side) CO»e 1,000,000 1,700,000 1,400,000 N/A
Net Change in CQ-equivalent o 33500000 -68,000,000 -70,000,000  -96,000

Emissions

1We use the producer-side secondary impacts assdaidth the proposed NSPS option as a surrogatiador
impacts of the other options.
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7 ECONOMIC IMPACT ANALYSIS AND DISTRIBUTIONAL ASSESSM ENTS

7.1 Introduction

This section includes three sets of analyses fur the NSPS and NESHAP
amendments:

* Energy System Impacts
* Employment Impacts

* Small Business Impacts Analysis

7.2 Energy System Impacts Analysis of Proposed NSPS

We use the National Energy Modeling System (NEMSydtimate the impacts of the
proposed NSPS on the U.S. energy system. The tspa&cestimate include changes in drilling
activity, price and quantity changes in the producaind consumption of crude oil and natural
gas, and changes in international trade of cruldenai natural gas. We evaluate whether and to
what extent the increased production costs impbgatie NSPS might alter the mix of fuels
consumed at a national level. With this informatwe estimate how the changed fuel mix
affects national level C£equivalent greenhouse gas emissions from energgess We
additionally combine these estimates of chang€Ognequivalent greenhouse gas emissions
from energy sources and emissions co-reductionsetiiane from the engineering analysis with
NEMS analysis to estimate the net change in-€quivalent greenhouse gas emissions from
energy-related sources, but this analysis is resfior the secondary environmental impacts

analysis within Section 4.

A brief conceptual discussion about our energyesgstmpacts modeling approach is
necessary before going into detail on NEMS, howmgemented the regulatory impacts, and
results. Economically, it is possible to view tkeovered natural gas as an explicit output or as
contributing to an efficiency gain at the produlesrel. For example, the analysis for the
proposed NSPS shows that about 97 percent of theahgts captured by emissions controls
suggested by the rule is captured by performing KR&Cnew and existing wells that are



completed after being hydraulically fractured. Hssumed $4/Mcf price for natural gas is the
price paid to producers at the wellhead. In thenadgas industry, production is metered at or
very near to the wellhead, and producers are pasddupon this metered production.
Depending on the situation, the gas captured bysRE&ent through a temporary or permanent
meter. Payments for the gas are typically madeimB0 days.

To preview the energy systems modeling using NEMSylts show that after economic
adjustments to the new regulations are made byugsrd, the captured natural gas represents
both increased output (a slight increment in agageegroduction) and increased efficiency
(producing slightly more for less). However, besmof differing objectives for the regulatory
analysis we treat the associated savings diffgrémthe engineering cost analysis (as an explicit
output) and in NEMS (as an efficiency gain).

In the engineering cost analysis, it is necessapstimate the expected costs and
revenues from implementing emissions controls @it level. Because of this, we estimate
the net costs as expected costs minus expecteduevéor representative units. On the other
hand, NEMS models the profit maximizing behavioregresentative project developers at a
drilling project level. The net costs of the redida alter the expected discounted cash flow of
drilling and implementing oil and gas projects, dinel behavior of the representative drillers
adjusts accordingly. While in the regulatory caatural gas drilling has become more efficient
because of the gas recovery, project developdrsstrract with markets for which supply and
demand are simultaneously adjusting. Consequenthyect development adjusts to a new
equilibrium. While we believe the cost savingsrasasured by revenues from selling recovered
gas (engineering costs) and measured by cost safrmg averted production through efficiency
gains (energy economic modeling) are approximdtedysame, it is important to note that the
engineering cost analysis and the national-levsl estimates do not incorporate economic

feedbacks such as supply and demand adjustments.

7.2.1 Description of the Department of Energy National Energy Modeling System

NEMS is a model of U.S. energy economy developednaaintained by the Energy
Information Administration of the U.S. Departmemntmergy. NEMS is used to produce the

Annual Energy Outlook, a reference publication fravides detailed forecasts of the energy



economy from the current year to 2035. DOE fiesteloped NEMS in the 1980s, and the
model has been undergone frequent updates andsepamnce. DOE uses the modeling
system extensively to produce issue reports, lgrsl analyses, and respond to Congressional

inquiries.

ElA is legally required to make the NEMS systemrseiwcode available and fully
documented for the public. The source code andrapanying documentation is released
annually when a new Annual Energy Outlook is pratlicBecause of the availability of the
NEMS model, numerous agencies, national laboratoresearch institutes, and academic and

private-sector researchers have used NEMS to amalyariety of issues.

NEMS models the dynamics of energy markets and ihigractions with the broader
U.S. economy. The system projects the productie@mergy resources such as oil, natural gas,
coal, and renewable fuels, the conversion of ressuthrough processes such as refining and
electricity generation, and the quantity and pricedinal consumption across sectors and
regions. The dynamics of the energy system arerged by assumptions about energy and
environmental policies, technological developmergspurce supplies, demography, and
macroeconomic conditions. An overview of the maated complete documentation of NEMS

can be found athkttp://www.eia.doe.gov/oiaf/aeo/overview/index.html
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Figure 7-1  Organization of NEMS Modules (source: LS. Energy Information
Administration)

NEMS is a large-scale, deterministic mathematicajamming model. NEMS
iteratively solves multiple models, linear and dorar, using nonlinear Gauss-Seidel methods
(Gabriel et al. 2001). What this means is that NEE8élves a single module, holding all else
constant at provisional solutions, then moves ¢onext model after establishing an updated

provisional solution.

NEMS provides what EIA refers to as “mid-term” gcijions to the year 2035.
However, as this RIA is concerned with estimatieagulatory impacts in the first year of full
implementation, our analysis focuses upon estimat@dcts in the year 2015, with regulatory
costs first imposed in 2011. For this RIA, we dngpon the same assumptions and model used
in the Annual Energy Outlook 20%1. The RIA baseline is consistent with that of £rual
Energy Outlook 2011 which is used extensively intfe@ 2 in the Industry Profile.

®1 Assumptions for the 2011 Annual Energy Outlook barfound at
<http://lwww.eia.gov/forecasts/aeo/assumptions/irciex.

7-4



7.2.2 Inputsto National Energy Modeling System

To model potential impacts associated with the NS ®Smodified oil and gas
production costs within the Oil and Gas Supply Med®GSM) of NEMS and domestic and
Canadian natural gas production within the NatGa$ Transmission and Distribution Module
(NGTDM). The OGSM projects domestic oil and gasduction from onshore, offshore,
Alaskan wells, as well as having a smaller-scaatiment of Canadian oil and gas production
(U.S. EIA, 2010). The treatment of oil and gaoweses is detailed in that oil, shale oll,
conventional gas, shale gas, tight sands gas,@alded methane (CBM) are explicitly modeled.
New exploration and development is pursued in tS®™ if the expected net present value of
extracted resources exceeds expected costs, ingladsts associated with capital, exploration,
development, production, and taxes. Detailed teldyy and reservoir-level production

economics govern finding and success rates and.cost

The structure of the OGSM is amenable to analypotgntial impacts of the Oil and
Natural Gas NSPS. We are able to target additiexgénditures for environmental controls
expected to be required by the NSPS on new explgrand developmental oil and gas
production activities, as well as add additionatsdo existing projects. We model the impacts
of additional environmental costs, as well as thpacts of additional product recovery. We
explicitly model the additional natural gas recadewhen implementing the NSPS regulatory
options. However, we are unable to explicitly midle additional production of condensates
expected to be recovered by reduced emissions etioms, although we incorporate expected

revenues from the condensate recovery in the ecer@raluation of new drilling projects.

While the oil production simulated by the OGSM eésisto the refining module (the
Petroleum Market Module), simulated natural gaglpotion is sent to a transmission and
distribution network captured in the NGTDM. The TNOM balances gas supplies and prices
and “negotiates” supply and consumption to deteemaimegional equilibrium between supply,
demand and prices, including imports and expodaipeline or LNG. Natural gas transmitted
through a simplified arc-node representation oéfife infrastructure based upon pipeline

economics.



7.2.2.1 Compliance Costs for Oil and Gas Exploration an@dRrction

As the NSPS affects new emissions sources, we ¢ch@stimate impacts on new
exploration and development projects by addingscosenvironmental regulation to the
algorithm that evaluates the profitability of nevojects. Additional NSPS costs associated with
reduced emission completions and future recompistior new wells are added to drilling,
completion, and stimulation costs, as these areffatt, associated with activities that occur
within a single time period, although they may bpaated periodically, as in the case of
recompletions. Costs required for reduced emissiecompletions on existing wells are added
to stimulation expenses for existing wells exclegv Other costs are operations and
maintenance-type costs and are added to fixed e @nd maintenance (O&M) expenses
associated with new projects. The one-shot antreong O&M expenses are estimated and
entered on a per well basis, depending on whetigecdsts would apply to oil wells, natural gas
wells, both oil and natural gas wells, or a sub$etther. We base the per well cost estimates on
the engineering costs including revenues from aaidit product recovery. This approach is
appropriate given the structure of the NEMS algonithat estimates the net present value of
drilling projects.

One concern in basing the regulatory costs inmitsNEMS on the net cost of the
compliance activity (estimated annualized costarhpliance minus estimated revenue from
product recovery) is that potential barriers toanting capital may not be adequately
incorporated in the model. However, in generaleptal barriers to obtaining additional capital
should be reflected in the annualized cost viaghesriers increasing the cost of capital. With
this in mind, assuming the estimates of capitatscaad product recovery are valid, the NEMS
results will reflect barriers to obtaining the ret capital. A caveat to this is that the estimate
unit-level capital costs of controls which are ngvwdquired at a national-level as a result of the
proposed regulation—RECSs, for example—may not ipoxate potential additional transitional

costs as the supply of control equipment adjusteto demand.

Table 7-1 shows the incremental O&M expensesdbatue to new drilling projects as a
result of producers having to comply with the relevNSPS option. We estimate those costs as

a function of new wells expected to be drilled irepresentative year. To arrive at estimates of

7-6



the per well costs, we first identify which emissaeductions will apply primarily to crude oil
wells, to natural gas wells, or to both crude aill matural gas wells. Based on the baseline
projections of successful completions in 2015, wedul9,097 new natural gas wells and 12,193
new oil wells as the basis of these calculationg then divide the estimated compliance costs
for the given emissions point (from Table 3-3) bg appropriate number of expected new wells
in the year of analysis. The result yields an apipnation of a per well compliance costs. We
assume this approximation is representative ofrttlemental cost faced by a producer when
evaluating a prospective drilling project.

Like the engineering analysis, we assume that hwidedly fractured well completions
and recompletions will be required of wells drilledo tight sand, shale gas, and coalbed
methane formations. While costs for well recomplet reflect the cost of a single
recompletion, the engineering cost analysis assuhedne in ten new wells drilled after the
implementation of the promulgation and implemeptabf the NSPS are completed using
hydraulic fracturing will receive a recompletionany given year using hydraulic fracturing.
Meanwhile, within NEMS, wells are assumed to bestated every five years. We assume
these more frequent stimulations are less interthiae stimulation using hydraulic fracturing
but add costs such that the recompletions codextéhe same assumptions as the engineering
analysis. In entering compliance costs into NEMS also account for reduced emissions
completions, completion combustion, and recomphatiperformed in absence of the regulation,
using the same assumptions as the engineeringamigsis (Table 7-2).



Table 7-1 Summary of Additional Annualized O&M Costs (on a Per New Well Basis)

for Environmental Controls Entered into NEMS

Per Well Costs (2008$) Wells
Applied
Emissions Emissions Option 2 Toin
Sources/Points Control Option 1 (Proposed) Option 3 NEMS
Equipment Leaks
Well Pads Subpart VV . . . : i
ubp Not in Option Not in Option $3,552 Oy;:gd
Gatheri d Boosting Subpart VV _ _ . .
Stztic?r?sng and B00sfing subpar Not in Option Not in Option $806 Gas
Processing Plants Subpart VVa  Not in Option $56 $56 None
gransmlssmn . Subpart VV Not in Option Not in Option $320 Gas
ompressor Stations
Reciprocating
Compressors
Well Pads Annual
Monitoring/ Not in Option Not in Option Not in Option None
Maintenance
Gathering/Boosting AMM
Stations $17 $17 $17 Gas
Processing Plants AMM $12 $12 $12 Gas
Transmission AMM
Compressor Stations $19 $19 $19 Gas
Underground Storage = AMM
Facilities $1 $1 $1 Gas
Centrifugal Compressors
Processing Plants Dry Seals/Route
to Process or -$113 -$113 -$113 Gas
Control
Transmission Dry Seals/Route
Compressor Stations  to Process or -$62 -$62 -$62 Gas
Control
Pneumatic Controllers -
Oil and Gas Production Low Oil and
Bleed/Route to -$698 -$698 -$698
Gas
Process
Natural Gas Low
Transmission and Bleed/Route to $0.10 $0.10 $0.10 Gas
Storage Process
Storage Vessels
: : :
High Throughput 95% control $143 $143 $143 Og:gd
Low Throughput 95% control Not in Option Not in Option Not in Option None
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Table 7-2
Environmental Controls Entered into NEMS

Summary of Additional Per Completion/Recmpletion Costs (2008$) for

Per Completion/Recompletion Costs (2008%)

Emissions Emissions Option 2 Wells Applied To
Sources/Points Control Option 1 (proposed) Option 3 in NEMS
Well Completions
Hydraulically Fractured New Tight Sand/
Gas Wells REC “$1.275 $1,275 $L275  gphle Cas/CBM
Conventional Gas Wells ~ CombustionNot in Option Not in Option  Not in Option None
Oil Wells Combustion Not in Option Not in Option Not in Option None
Well Recompletions
Hydraulically Fractured Existing Tight
Gas Wells (post-NSPS REC -$1,535 -$1,535 -$1,535  Sand/ Shale Gas
wells) /Coalbed Methane
Hydraulically Fractured Existing Tight
Gas Wells (existing REC Not in Option -$1,535 -$1,535  Sand/ Shale Gas
wells) /Coalbed Methane
Conventional Gas Wells ~ CombustionNot in Option Not in Option  Not in Option None
Oil Wells Combustion Not in Option Not in Option Not in Option None

7.2.2.2 Adding Averted Methane Emissions into Natural GasiBction

A significant benefit of controlling VOC emissiofrem oil and natural gas production is
that methane that would otherwise be lost to theoaphere can be directed into the natural gas
production stream. We chose to model methane E@ptINEMS as an increase in natural gas
industry productivity, ensuring that, within the d®b, natural gas reservoirs are not decremented
by production gains from methane capture. We atichates of the quantities of methane
captured (or otherwise not vented or combusteth)ddoase quantities that the OGSM model
supplies to the NGTDM model. We subdivide themeates of commercially valuable averted
emissions by region and well type in order to memreurately portray the economics of
implementing the environmental technology. Adding averted methane emissions in this
manner has the effect of moving the natural gaplgwurve to the right an increment consistent
with the technically achievable emissions transi@into the production stream as a result of the
proposed NSPS.

For all control options, with the exception of sewpletions on existing wells, we enter

the increased natural gas recovery into NEMS oeramygll basis for new wells, following an
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estimation procedure similar to that of enteringhptiance costs into NEMS on a per well basis
for new wells. Because each NSPS Option is contpoka different suite of emissions
controls, the per-well natural gas recovery vatlwenew wells is different across wells. For
Option 1, we estimate that natural gas recoveby189 Mcf per well. For Option 2 and Option
3, we estimate that natural gas recovery is 5,748gdr well. We make a simplifying
assumption that natural gas recovery accruing wwells accrues to new wells in shale gas,
tight sands, and CBM fields. We make these assongpbecause new wells in these fields are
more likely to satisfy criteria such that RECs @rguired, which contributed that large majority
of potential natural gas recovery. Note that thsewell natural gas recovery is lower than the
per well estimate when RECs are implemented. Blimate is lower because we account for
emissions that are combusted, RECs that are implet@bsent Federal regulation, as well as
the likelihood that natural gas is used during pssing and transmission or reinjected.

We treat the potential natural gas recovery aasettiwith recompletions of existing
wells (in proposed Option 2 and Option 3) diffefeir that we estimated the natural gas
recovery by natural gas resource type and NSP®0ptsed on a combination of the
engineering analysis and production patterns fio@2011 Annual Energy Outlook. We
estimate that additional natural gas product re@m/by recompleting existing wells in proposed
Option 2 and Option 3 to be 78.7 bcf, with 38.4 &dotruing to shale gas, 31.4 bcf accruing to
tight sands, and 8.9 bcf accruing to CBM, respetyiv This quantity is distributed within the
NGTDM to reflect regional production by resourcpey

7.2.2.3 Fixing Canadian Drilling Costs to Baseline Path

Domestic drilling costs serve as a proxy for Caaadirilling costs in the Canadian oill
and natural gas sub-model within the NGTDM. Thplies that, without additional
modification, additional costs imposed by a U.gutation will also impact drilling decisions in
Canada. Changes in international oil and ga®taad important in the analysis, as a large
majority of natural gas imported into the U.S. orades in Canada. To avoid this problem, we
fixed Canadian drilling costs using U.S. drillingsts from the baseline scenario. This solution
enables a more accurate analysis of U.S.-Canadg)einade, as increased drilling costs in the
U.S. as a result of environmental regulation séovacrease Canada’s comparative advantage.
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7.2.3 Energy System | mpacts

As mentioned earlier, we estimate impacts to dgliactivity, reserves, price and quantity
changes in the production and consumption of caildend natural gas, and changes in
international trade of crude oil and natural gaswall as whether and to what extent the NSPS
might alter the mix of fuels consumed at a natideatl. In each of these estimates, we present
estimates for the baseline year of 2015 and refulthe three NSPS options. For context, we

provide estimates of production activities in 2011.

7.2.3.1 Impacts on Drilling Activities

Because the potential costs of the NSPS optionscareentrated in production activities,
we first report estimates of impacts on crude d aatural gas drilling activities and production
and price changes at the wellhead. Table 7-3 ptesstimates of successful wells drilled in the
U.S. in 2015, the analysis year, for the three N§gt#®ns and in the baseline.

Table 7-3 Successful Oil and Gas Wells Drilled, NSPOptions

Future NSPS Scenario, 2015

Option 2
2011 Baseline Option 1 (Proposed) Option 3

Successful Wells Drilled

Natural Gas 16,373 19,097 19,191 18,935 18,872

Crude Oil 10,352 11,025 11,025 11,025 11,028

Total 26,725 30,122 30,216 29,960 29,900
% Change in Successful Wells Drilled from Baseline

Natural Gas 0.49% -0.85% -1.18%

Crude Oil 0.00% 0.00% 0.03%

Total 0.31% -0.54% -0.74%

We estimate that the number of successful nataslnglls drilled increases slightly for Option
1, while the number of successful crude oil wefileti does not change. In Options 2, where
costs of the natural gas processing plants equipleaks standard and REC requirements for
existing wells apply, natural gas wells drillingfigecast to decrease less than 1 percent, while

crude oil drilling does not change. For OptiomBere the addition of an additional equipment
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leak standards add to the incremental costs, aasavell drilling is estimated to decrease
about 1.2%. The number of successful crude oilswillled under Option 3 increases very
slightly. While it may seem counter-intuitive tithe number of successful crude wells
increased as costs increase, it is important te thait crude oil and natural gas drilling compete
with each other for factors of production, suchad®r and material. The environmental
compliance costs of the NSPS options predominafitict natural gas drilling. As natural gas
drilling declines, for example, as a result of e&sed compliance costs, crude oil drilling may
increase because of the increased availabilitglmdl and material, as well as the likelihood that

crude oil can substitute for natural gas to sontergx

Table 7-4 presents the forecast of successfubvgllwell type, for onshore drilling in
the lower 48 states. The results show that comweadtwell drilling is unaffected by the
regulatory options, as reduced emission completrmhcompletion combustion requirements are
directed not toward wells in conventional reservestoward wells that are hydraulically
fractured, the wells in so-called unconventionakrges. The impacts on drilling tight sands,

shale gas, and coalbed methane vary by option.

Table 7-4 Successful Wells Drilled by Well Type (Oshore, Lower 48 States), NSPS
Options

Future NSPS Scenario, 2015

Option 2
2011 Baseline Option 1 (Proposed) Option 3

Successful Wells Drilled

Conventional Gas Wells 7,267 7,607 7,607 7,607 07,6

Tight Sands 2,441 2,772 2,791 2,816 2,780

Shale Gas 5,007 7,022 7,074 6,763 6,771

Coalbed Methane 1,593 1,609 1,632 1,662 1,627

Total 16,308 19,010 19,104 18,849 18,785
% Change in Successful Wells Drilled from Baseline

Conventional Gas Wells 0.00% 0.00% 0.00%

Tight Sands 0.70% 1.60% 0.29%

Shale Gas 0.74% -3.68% -3.57%

Coalbed Methane 1.44% 3.28% 1.09%

Total 0.50% -0.85% -1.18%
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Well drilling in tight sands is estimated to incseaslightly from the baseline under all three
options, 0.70 percent, 1.60 percent, and 0.29%fuions 1, 2, and 3, respectively. Wells in
CBM reserves are also estimated to increase frenbaiseline under all three options, or 1.44
percent, 3.28 percent, and 1.09 percent for Optlo2s and 3, respectively. However, drilling
in shale gas is forecast to decline from the baselnder Options 2 and 3, by 3.68 percent and

3.57 percent, respectively.

7.2.3.2 Impacts on Production, Prices, and Consumption

Table 7-5 shows estimates of the changes in theegiocrproduction of natural gas and
crude oil under the NSPS options, as of 2015. Bimerude oil production is not forecast to
change under any of the three regulatory optiogainebecause impacts on crude oil drilling of

the NSPS are expected to be negligible.

Table 7-5 Annual Domestic Natural Gas and Crude OiProduction, NSPS Options

Future NSPS Scenatrio, 2015

Option 2
2011 Baseline Option1  (Proposed) Option 3

Domestic Production

Natural Gas (trillion cubic feet) 21.05 22.43 w.4 22.45 22.44

Crude Oil (million barrels/day) 5.46 5.81 5.81 5.8 5.81
% Change in Domestic Production from Baseline

Natural Gas 0.18% 0.09% 0.04%

Crude OIl 0.00% 0.00% 0.00%

Natural gas production, on the other hand, incieasder all three regulatory options for the
NSPS from the baseline. A main driver for thesgaases is the additional natural gas recovery
engendered by the control requirements. Anotheedfor the increases under Option 1 is the
increase in natural gas well drilling. While weosted earlier that natural gas drilling is
estimated to decline under Options 2 and 3, theeased natural gas recovery is sufficient to

offset the production loss from relatively feweogucing wells.

For the proposed option, the NEMS analysis showrable 7-5 estimates a 20 bcf
increase in domestic natural gas production. @msunt is less than the amount estimated in

the engineering analysis to be captured by emissiontrols implemented as a result of the
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proposed NSPS (approximately 180 bcf). This défifee is because NEMS models the
adjustment of energy markets to the now relatimetye efficient natural gas production sector.
At the new natural gas supply and demand equilbiiu 2015, the modeling estimates 20 bcf
more gas is produced at a relatively lower wellhgack (which will be presented momentarily).
However, at the new equilibrium, producers impletmgnemissions controls still capture and
sell approximately 180 bcf of natural gas. Formegke, as shown in Table 7-4, about 11,200
new unconventional natural gas wells are completettr the proposed NSPS; using
assumptions from the engineering cost analysistaRBCs required under State regulations and
exploratory wells exempted from REC requiremeriioua 9,000 NSPS-required RECs would
be performed on new natural gas well completioospmaling to the NEMS analysis. This
recovered natural gas substitutes for natural lggsanould be produced from the ground absent
the rule. In effect, then, about 160 bcf of natges that would have been extracted and emitted

into the atmosphere is left in the formation faiufe extraction.

As we showed for natural gas drilling, Table 7-6\hk natural gas production from
onshore wells in the lower 48 states by type of vpeedicted for 2015, the analysis year.
Production from conventional natural gas wells @8M wells are estimated to increase under
all NSPS regulatory options. Production from sluge reserves is estimated to decrease under
Options 2 and 3, however, from the baseline prigactProduction from tight sands is forecast

to decline slightly under Option 1.
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Table 7-6 Natural Gas Production by Well Type (Onshbre, Lower 48 States), NSPS
Options

Future NSPS Scenario, 2015

Option 2
2011 Baseline Option 1  (Proposed) Option 3

Natural Gas Production by Well Type (trillion cubic feet)

Conventional Gas Wells 4.06 3.74 3.75 3.76 3.76

Tight Sands 5.96 5.89 5.87 6.00 6.00

Shale Gas 5.21 7.20 7.26 7.06 7.06

Coalbed Methane 1.72 1.67 1.69 1.72 1.71

Total 16.95 18.51 18.57 18.54 18.53
% Change in Natural Gas Production by Well Type fran Baseline

Conventional Gas Wells 0.32% 0.42% 0.48%

Tight Sands -0.43% 1.82% 1.72%

Shale Gas 0.73% -1.97% -1.93%

Coalbed Methane 1.07% 2.86% 2.60%

Total 0.31% 0.16% 0.13%

Note: Totals may not sum due to independent rogndin

Overall, of the regulatory options, the proposedi@yp2 is estimated to have the highest natural
gas production from onshore wells in the lower #es, showing a 1.2% increase over the

baseline projection.

Table 7-7 presents estimates of national averadlbeael natural gas and crude oil prices
for onshore production in the lower 48 statesnestied for 2015, the year of analysis. All NSPS
options show a decrease in wellhead natural gasraigie oil prices. The decrease in wellhead
natural gas price form the baseline is attributédnigely to the increased productivity of natural
gas wells as a result of capturing a portion of pl@tion emissions (in Options 1, 2, and 3) and

in capturing recompletion emissions (in Optionsd 8).
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Table 7-7 Lower 48 Average Natural Gas and Crude OWellhead Price, NSPS
Options

Future NSPS Scenario, 2015

Option 2
2011 Baseline Option 1 (Proposed) Option 3

Lower 48 Average Wellhead Price

Natural Gas (2008$ per Mcf) 4.07 4.22 4.18 4.18 4.19

Crude Oil (2008$ per barrel) 83.65 94.60 94.59 94.58 94.58
% Change in Lower 48 Average Wellhead Price from Bseline

Natural Gas -0.94% -0.94% -0.71%

Crude OIl -0.01% -0.02% -0.02%

Table 7-8 presents estimates of the price of negiasto final consumers in 2008 dollars per
million BTU. The production price decreases estadacross NSPS are largely passed on to
consumers but distributed unequally across consyisentors. Electric power sector consumers
of natural gas are estimated to receive the lamést decrease while the transportation and

residential sectors are forecast to receive thdlash@rice decreases.

Table 7-8 Delivered Natural Gas Prices by Sector (®8$ per million BTU), 2015, NSPS
Options

Future NSPS Scenatrio, 2015

Option 2
2011 Baseline Option1  (Proposed) Option 3

Delivered Prices (2008$ per million BTU)

Residential 10.52 10.35 10.32 10.32 10.33

Commercial 9.26 8.56 8.52 8.53 8.54

Industrial 4.97 5.08 5.05 5.05 5.06

Electric Power 481 477 4.73 4.74 4.75

Transportation 12.30 12.24 12.20 12.22 12.22

Average 6.76 6.59 6.55 6.57 6.57
% Change in Delivered Prices from Baseline

Residential -0.29% -0.29% -0.19%

Commercial -0.47% -0.35% -0.23%

Industrial -0.59% -0.59% -0.39%

Electric Power -0.84% -0.63% -0.42%

Transportation -0.33% -0.16% -0.16%

Average -0.60% -0.41% -0.30%
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Final consumption of natural gas is also estim&tadcrease in 2015 from the baseline
under all NSPS options, as is shown on Table e delivered price, the consumption shifts

are distributed differently across sectors.

Table 7-9 Natural Gas Consumption by Sector, NSPSgfions

Future NSPS Scenario, 2015

Option 2
2011 Baseline Option 1 (Proposed) Option 3
Consumption (trillion cubic feet)
Residential 4.76 4.81 4.81 481 481
Commercial 3.22 3.38 3.38 3.38 3.38
Industrial 6.95 8.05 8.06 8.06 8.06
Electric Power 7.00 6.98 7.00 6.98 6.97
Transportation 0.03 0.04 0.04 0.04 0.04
Pipeline Fuel 0.64 0.65 0.65 0.66 0.66
Lease and Plant Fuel 1.27 1.20 1.21 1.21 1.21
Total 23.86 25.11 25.15 25.14 25.13
% Change in Consumption from Baseline
Residential 0.00% 0.00% 0.00%
Commercial 0.00% 0.00% 0.00%
Industrial 0.12% 0.12% 0.12%
Electric Power 0.29% 0.00% -0.14%
Transportation 0.00% 0.00% 0.00%
Pipeline Fuel 0.00% 1.54% 1.54%
Lease and Plant Fuel 0.83% 0.83% 0.83%
Total 0.16% 0.12% 0.08%

Note: Totals may not sum due to independent rogndin

7.2.3.3 Impacts on Imports and National Fuel Mix

The NEMS modeling shows that impacts from all N®p&ons are not sufficiently large
to affect the trade balance of natural gas. Asvshia Table 7-10, estimates of crude oil and

natural gas imports do not vary from the baselm20d15 for each regulatory option.
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Table 7-10  Net Imports of Natural Gas and Crude OiINSPS Options

Future NSPS Scenario, 2015

Option 2
2011 Baseline Option 1 (Proposed) Option 3

Net Imports

Natural Gas (trillion cubic feet) 2.75 2.69 2.69 .62 2.69

Crude Oil (million barrels/day) 9.13 8.70 8.70 ®@.7 8.70
% Change in Net Imports

Natural Gas 0.00% 0.00% 0.00%

Crude Oll 0.00% 0.00% 0.00%

Table 7-11 evaluates estimates of energy consumptienergy type at the national
level for 2015, the year of analysis. All threeP&options are estimated to have small effects at
the national level. For Option 1, we estimaterammgase in 0.02 quadrillion BTU in 2015, a 0.02
percent increase. The percent contribution ofradfyas and biomass is projected to increase,
while the percent contribution of liquid fuels atwhl is expected to decrease under Option 1.
Meanwhile, under the proposed Options 2, totalggnheonsumption is also forecast to rise 0.02
quadrillion BTU, with increase coming from natugas primarily, with an additional small
increase in coal consumption. Under Option 3] ext@rgy consumption is forecast to rise 0.01
guadrillion BTU, or 0.01%, with a slight decrearsdiquid fuel consumption from the baseline,

but increases in natural gas and coal consumption.
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Table 7-11  Total Energy Consumption by Energy Typé€Quadrillion BTU), NSPS
Options

Future NSPS Scenario, 2015

Option 2
2011 Baseline Option 1  (Proposed) Option 3
Consumption (quadrillion BTU)
Liquid Fuels 37.41 39.10 39.09 39.10 39.09
Natural gas 24.49 25.77 25.82 25.79 25.79
Coal 20.42 19.73 19.71 19.74 19.74
Nuclear Power 8.40 8.77 8.77 8.77 8.77
Hydropower 2.58 2.92 2.92 2.92 2.92
Biomass 2.98 3.27 3.28 3.27 3.27
Other Renewable Energy 1.72 2.14 2.14 2.14 2.14
Other 0.30 0.31 0.31 0.31 0.31
Total 98.29 102.02 102.04 102.04 102.03
% Change in Consumption from Baseline
Liquid Fuels -0.03% 0.00% -0.03%
Natural Gas 0.19% 0.08% 0.08%
Coal -0.10% 0.05% 0.05%
Nuclear Power 0.00% 0.00% 0.00%
Hydropower 0.00% 0.00% 0.00%
Biomass 0.31% 0.00% 0.00%
Other Renewable Energy 0.00% 0.00% 0.00%
Other 0.00% 0.00% 0.00%
Total 0.02% 0.02% 0.01%

Note: Totals may not sum due to independent rogndin

With the national profile of energy consumptiotireated to change slightly under the
regulatory options in 2015, the year of analysiss important to examine whether aggregate
energy-related CQequivalent greenhouse gas (GHG) emissions al$o ghimore detailed
discussion of changes in G@quivalent GHG emissions from a baseline is pieskwithin the
benefits analysis in Section 4. Here, we presamgle NEMS-based table showing estimated
changes in energy-related “consumer-side” GHG aamnss We use the terms “consumer-side”
emissions to distinguish emissions from the consionf fuel from emissions specifically
associated with the extraction, processing, antspartation of fuels in the oil and natural gas
sector under examination in this RIA. We termeéh@ssions associated with extraction,

processing, and transportation of fuels “produdge-semissions.
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Table 7-12  Modeled Change in Energy-related "Consuer-Side" CO,-equivalent GHG
Emissions

Future NSPS Scenario, 2015

Option 2
2011 Baseline Option 1 (Proposed) Option 3

Energy-related CO,-equivalent GHG Emissions (million metric tons CQ-equivalent)

Petroleum 2,359.59 2,433.60 2,433.12 2,433.49 324483

Natural Gas 1,283.78 1,352.20 1,354.47 1,353.19 352187

Coal 1,946.02 1,882.08 1,879.84 1,883.24 1,883.30

Other 11.99 11.99 11.99 11.99 11.99

Total 5,601.39 5,679.87 5,679.42 5,681.91 5,681.61
% Change in Energy-related CQ-equivalent GHG Emissions from Baseline

Petroleum -0.02% 0.00% -0.01%

Natural Gas 0.17% 0.07% 0.05%

Coal -0.12% 0.06% 0.06%

Other 0.00% 0.00% 0.00%

Total -0.01% 0.04% 0.03%

Note: Excludes “producer-side” emissions and emissieductions estimated to result from NSPS alteves.
Totals may not sum due to independent rounding.

As is shown in Table 7-12, NSPS Option 1 is predidb slightly decrease aggregate
consumer-side energy-related £€yuivalent GHG emissions, by about 0.01 percehilewthe
mix of emissions shifts slightly away from coal gretroleum toward natural gas. Proposed
Options 2 and 3 are estimated to increase conssitieraggregate energy-related £0
equivalent GHG emissions by about 0.04 and 0.08epér respectively, mainly because

consumer-side emissions from natural gas and cmabustion increase slightly.
7.3 Employment Impact Analysis

While a standalone analysis of employment impactsot included in a standard cost-
benefit analysis, such an analysis is of particatarcern in the current economic climate of
sustained high unemployment. Executive Order 1356®es, “Our regulatory system must
protect public health, welfare, safety, and ouriemmentwhile promoting economic growth,
innovation, competitiveness, and job credti@@mphasis added). Therefore, we seek to inform
the discussion of labor demand and job impactsrbyiging an estimate of the employment

impacts of the proposed regulations using labounirements for the installation, operation, and
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maintenance of control requirements, as well asrtggm and recordkeeping requirements.
Unlike several recent RIAs, however, we do not gtexemployment impacts estimates based on
the study by Morgenstern et al. (2002); we disthssdecision after presenting estimates of the
labor requirements associated with reporting andrdkeeping and the installation, operation,

and maintenance of control requirements.

7.3.1 Employment Impacts from Pollution Control Requirements

Regulations set in motion new orders for pollutb@mtrol equipment and services. New
categories of employment have been created inrtheeps of implementing regulations to make
our air safer to breathe. When a new regulatigmmasnulgated, a response of industry is to order
pollution control equipment and services in oradecamply with the regulation when it becomes
effective. Revenue and employment in the envirartaléechnology industry have grown
steadily between 2000 and 2008, reaching an ingtatil of approximately $300 billion in
revenues and 1.7 million employees in 2808Vhile these revenues and employment figures
represent gains for the environmental technologigsstry, they are costs to the regulated
industries required to install the equipment. M, it is not clear the 1.7 million employees
in 2008 represent new employment as opposed toemobeing shifted from the production of

goods and services to environmental complianceities.

Once the equipment is installed, regulated firnne tiorkers to operate and maintain the
pollution control equipment — much like they hirenkers to produce more output. Morgenstern
et al. (2002) examined how regulated industriesared to regulation. The authors found that,
on average for the industries they studied, emptrincreases in regulated firms. Of course,

these firms may also reassign existing employeegitimrm these activities.

*2|n 2008, the industry totaled approximately $3ilBom in revenues and 1.9 million employees inéhglindirect
employment effects, pollution abatement equipmeotipction employed approximately 4.2 million worgén
2008. These indirect employment effects are basea multiplier for indirect employment = 2.24 (198&lue
from Nestor and Pasurka - approximate middle ofjeasf multipliers 1977-1991). Environmental Busies
International (EBI), Inc., San Diego, CA. Enviroental Business Journal, monthly (copyright).
http://www.ebiusa.com/ EBI data taken from theopBement of Commerce International Trade Admint&ira
Environmental Industries Fact Sheet from April 2010
http://web.ita.doc.gov/ete/eteinfo.nsf/068f3801d@4&85256883006ffa54/4878b7e2fc08ac6d85256883006c45
2c?0OpenDocument
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Environmental regulations support employment in ynaasic industries. In addition to
the increase in employment in the environmentaigatamn industry (via increased orders for
pollution control equipment), environmental regidas also support employment in industries
that provide intermediate goods to the environmentatection industry. The equipment
manufacturers, in turn, order steel, tanks, vesb&svers, pumps, and chemicals to manufacture
and install the equipment. Bezdek et al. (2008phébthat investments in environmental

protection industries create jobs and displace, jobsthe net effect on employment is positive.

The focus of this part of the analysis is on lateguirements related to the compliance
actions of the affected entities within the affecsector. We do not estimate any potential
changes in labor outside of the oil and naturalsgasor. This analysis estimates the
employment impacts due to the installation, opermatand maintenance of control equipment, as
well as employment associated with new reportingjracordkeeping requirements.

It is important to highlight that unlike the typlaase where to reduce a bad output (i.e.,
emissions) a firm often has to reduce productiothefgood output, many of the emission
controls required by the proposed NSPS will simdtausly increase production of the good
output and reduce production of bad outputs. Thahese controls jointly produce
environmental improvements and increase outputenrégulated sector. New labor associated
with implementing these controls to comply with tiewv regulations can also be viewed as

additional labor increasing output while reducimglesirable emissions.

No estimates of the labor used to manufacture segrable pollution control equipment or
to supply the materials for manufacture or asserat#yincluded because U.S. EPA does not
currently have this information. The employmenalgsis uses a bottom-up engineering-based
methodology to estimate employment impacts. Thgneering cost analysis summarized in this
RIA includes estimates of the labor requiremens®aated with implementing the proposed
regulations. Each of these labor changes mayrditheequired as part of an initial effort to
comply with the new regulation or required as aticmous or annual effort to maintain
compliance. We estimate up-front and continuahuahlabor requirements by estimating hours
of labor required and converting this number td-finhe equivalents (FTES) by dividing by
2,080 (40 hours per week multiplied by 52 weeRA)ke note that this type of FTE estimate
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cannot be used to make assumptions about the ispaamber of people involved or whether

new jobs are created for new employees.

In other employment analyses U.S. EPA distinguddbetween employment changes
within the regulated industry and those changesideithe regulated industry (e.g. a contractor
from outside the regulated facility is employedrtstall a control device). For this regulation
however, the structure of the industry makes thifeedlt. The mix of in-house versus
contracting services used by firms is very caseifipen the oil and natural gas industry. For
example, sometimes the owner of the well, procggsiant, or transmission pipelines uses in—
house employees extensively in daily operationslewh other cases the owner relies on outside
contractors for many of these services. For g@son, we make no distinction in the

guantitative estimates between labor changes wathihoutside of the regulated sector.

The results of this employment estimate are ptesen Table 7-13 for the proposed
NSPS and in Table 7-14 for the proposed NESHAP dments. The tables breaks down the
installation, operation, and maintenance estimiayeype of pollution control evaluated in the
RIA and present both the estimated hours requineldttze conversion of this estimate to FTE.
For both the proposed NSPS and NESHAP amendmeptsiting and recordkeeping
requirements were estimated for the entire ruléterahan by anticipated control requirements;
the reporting and recordkeeping estimates are stemgiwith estimates EPA submitted as part of

its Information Collection Request (ICR).

The up-front labor requirement is estimated at 2ZBEs for the proposed NSPS and
about 120 FTEs for the proposed NESHAP amendmdritese up-front FTE labor
requirements can be viewed as short-term laborinegents required for affected entities to
comply with the new regulation. Ongoing requiretsare estimated at about 2,400 FTEs for
the proposed NSPS and about 102 FTEs for the pedddESHAP amendments. These
ongoing FTE labor requirements can be viewed asissl labor requirements required for

affected entities to continuously comply with tremnregulation

Two main categories contain the majority of theolatequirements for the proposed
rules: implementing reduced emissions completi®ids) and reporting and recordkeeping
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requirements for the proposed NSPS. Also, notiepth@umatic controllers have no up-front or
continuing labor requirements. While the contdisrequire labor for installation, operation,
and maintenance, the required labor is less thatrofithe controllers that would be used absent

the regulation. In this instance, we assume tbeemental labor requirements are zero.

Implementing RECs are estimated to require ab@B®FTE, over 90 percent of the
total continuing labor requirements for the propbsKSPS? We denote REC-related
requirements as continuing, or annual, as the REgGirements will in fact recur annually, albeit
at different wells each year. The REC requiremargsassociated with certain new well
completions or existing well recompletions, whichile individual completions occur over a
short period of time (days to a few weeks), newlsvahd other existing wells are completed or
recompleted annually. Because of these reasonassueme the REC-related labor requirements

are annual.

7.3.2 Employment Impacts Primarily on the Regulated I ndustry

In previous RIAs, we transferred parameters frastudy by Morgenstern et al. (2002) to
estimate employment effects of new regulationsee($or example, the Regulatory Impact
Analysis for the recently finalized Industrial Beis and CISWI rulemakings, promulgated on
February 21, 2011). The fundamental insight of dmstern, et al. is that environmental
regulations can be understood as requiring reglifat®s to add a new output (environmental
guality) to their product mixes. Although legallgrapelled to satisfy this new demand, regulated
firms have to finance this additional productioriwthe proceeds of sales of their other (market)
products. Satisfying this new demand requires aaidit inputs, including labor, and may alter
the relative proportions of labor and capital usgdegulated firms in their production

processes.

Morgenstern et al. concluded that increased abateexpenditures in these industries

generally do not cause a significant change in eympént. Using plant-level Census

>3 As shown on earlier in this section, we projéeit the number of successful natural gas wellgedrih 2015 will
decline slightly from the baseline projection. Téfere, there may be small employment losses ltirdyi
related employment that partly offset gains in eagpient from compliance-related activities.
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information between the years 1979 and 1991, M@igen et al. estimate the size of each effect
for four polluting and regulated industries (pedwh refining, plastic material, pulp and paper,
and steel). On average across the four induse&s) additional $1 million (1987$) spending on
pollution abatement results in a (statisticallyigngficant) net increase of 1.55 (+/- 2.24) jobs. A
a result, the authors conclude that increasesliatjpm abatement expenditures do not

necessarily cause economically significant emplaynebanges.

For this version of RIA for the proposed NSPS aftSNAP amendments, however, we
chose not to quantitatively estimate employmentaot using Morgenstern et al. because of
reasons specific to the oil and natural gas ingiestd proposed rules. We believe the transfer of
parameter estimates from the Morgenstern et alydtuthe proposed NSPS and NESHAP
amendments is beyond the range of the study foréasons.
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Table 7-13  Labor-based Employment Estimates for Repting and Recordkeeping and Installing, Operating,and
Maintaining Control Equipment Requirements, Propos@& NSPS Option in 2015

Per Unit Per Unit Total Total
Projected Up- Front  Annual  Up- Front  Annual
No. of Labor Labor Labor Labor Up-Front Annual
Affected Estimate Estimate Estimate Estimate Full-Time Full-Time

Source/Emissions Point Emissions Control Units (hours) (hours) (hours) (hours)  Equivalent Equivalent
Well Completions

Hydraulically Fractured Gas Wells Reduced Emissidampletion (REC) 9,313 0 218 0 2,025,869 0.0 974.0

Hydraulically Fractured Gas Wells Combustion 446 0 22 0 9,626 0.0 4.6
Well Recompletions

Hydraulically Fractured Gas Wells (pre-

NSPS wells) REC 12,050 0 218 02,621,126 0.0 1,260.2
Equipment Leaks

Processing Plants NSPS Subpart VVA 29 587 887 17,02: 25,72: 8.2 12.4
Reciprocating Compressors

Gathering/Boosting Stations AMM 210 1 1 210 210 0.1 0.1

Processing Plants AMM 375 1 1 375 375 0.2 0.2
Transmission Compressor Stations AMM 199 1 1 199 199 0.1 0.1

Underground Storage Facilities AMM 9 1 1 9 9 0.0 0.0
Centrifugal Compressors

Processing Plants Dry Seals/Route to Process drdlon 16 355 0 5,680 0 2.7 0.0
Transmission Compressor Stations Dry Seals/Rougedoess or Control 14 355 0 4,970 0 2.4 0.0
Pneumatic Controllers

Oil and Gas Production Low Bleed/Route to Process 3,632 0 0 0 0 0.0 0.0

Natural Gas Trans. and Storage Low Bleed/Routedod3s 67 0 0 0 0 0.0 0.0
Storage Vessels

High Throughput 959% control 304 271 190 82,279 57,582 39.6 27.7
Reporting and Recordkeeping for Complete NSPS --- --- --- 360,443 201,342 173.3 96.8
TOTAL ---  471,1874,942,060 226.5 2,376.0

Note: Full-time equivalents (FTE) are estimateditst multiplying the projected number of affectedits by the per unit labor
requirements and then multiplying by 2,080 (40 kauultiplied by 52 weeks). Totals may not sum tlumdependent rounding.
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Table 7-14  Labor-based Employment Estimates for Repting and Recordkeeping and Installing, Operating,and
Maintaining Control Equipment Requirements, Proposel NESHAP Amendments in 2015

Per Unit Per Unit Total
Projected One-time  Annual Total One- Annual
No. of Labor Labor  Time Labor  Labor One-time  Annual
Affected Estimate Estimate Estimate Estimate Full-Time Full-Time
Source/Emissions Point Emissions Control Units (hours) (hours) (hours) (hours)  Equivalent Eguivalent
Small Glycol Dehydrators
Combustion devices, recovery devices,
Production process modifications 115 27 285 3,108 32,821 15 15.8
Combustion devices, recovery devices,
Transmission process modifications 19 27 285 513 5,423 0.2 2.6
Storage Vessels
Production Combustion devices, recovery devices 674 311 198 209,753 133,231 100.8 64.1
Reporting and Recordkeeping for Complete NESHAP Amedments --- === --- 36,462 39,923 17.5 19.2
TOTAL -- --- 249,836 211,398 120.1 101.6

Note: Full-time equivalents (FTE) are estimateditst multiplying the projected number of affectedits by the per unit labor
requirements and then multiplying by 2,080 (40 Bauultiplied by 52 weeks). Totals may not sum dumtlependent rounding.
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First, the possibility that the revenues produegesestimated to receive from additional natural
gas recovery as a result of the proposed NSPS oifget the costs of complying with the rule
presents challenges to estimating employment affgee Section 3.2.2.1 of the RIA for a
detailed discussion of the natural gas recovefyle Morgenstern et al. paper, for example, is
intended to analyze the impact of environmental giaance expenditures on industry
employment levels, and it may not be appropriatdréov on their demand and net effects when

compliance costs are expected to be negative.

Second, the proposed regulations primarily affeetrtatural gas production, processing,
and transmission segments of the industry. Whientatural gas processing segment of the oil
and natural gas industry is similar to petroleufinineg, which is examined in Morgenstern et
al., the production side of the oil and natural @ha#ling and extraction, primarily) and natural
gas pipeline transmission are not similar to petrol refining. Because of the likelihood of
negative compliance costs for the proposed NSP3hensegments of the oil and natural gas
industry affected by the proposals are not examinellorgenstern et al., we decided not to use
the parameters estimated by Morgenstern et aktimate within-industry employment effects
for the proposed oil and natural gas NESHAP amentsrend NSPS.

That said, the likelihood of additional natural gasovery is an important component of
the market response to the rule, as it is expdbgdhis additional natural gas recovery will
reduce the price of natural gas. Because of tha®d fall in prices in the natural gas sector
due to the proposed NSPS, prices in other sedtatcbnsume natural gas are likely drop
slightly due to the decrease in energy prices.s $hall production increase and price decrease

may have a slight stimulative effect on employmanndustries that consume natural gas.

7.4 Small Business Impacts Analysis

The Regulatory Flexibility Act as amended by theaBrBusiness Regulatory Enforcement
Fairness Act (SBREFA) generally requires an agengyepare a regulatory flexibility analysis
of any rule subject to notice and comment rulemgkéguirements under the Administrative

Procedure Act or any other statute, unless the@gesrtifies that the rule will not have a
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significant economic impact on a substantial nundfesmall entities. Small entities include

small businesses, small governmental jurisdictiang, small not-for-profit enterprises.

After considering the economic impact of the pregzbaules on small entities for both the
NESHAP and NSPS, the screening analysis indichtgdliese proposed rules will not have a
significant economic impact on a substantial nundfesmall entities (or “SISNOSE”). The

supporting analyses for these determinations asepted in this section of the RIA.

As discussed in previous sections of the econompact analysis, under the proposed
NSPS, some affected producers are likely to betaliecover natural gas that would otherwise
be vented to the atmosphere, as well as recoveaitdal condensates that would otherwise be
emitted. EPA estimates that the revenues fromatthiltional natural gas product recovery will
offset the costs of implementing control optionglemented as a result of the Proposed NSPS.
Because the total costs of the rule are likelygartore than offset by the revenues producers
gain from increased natural gas recovery, we expece will be no SISNOSE arising from the
proposed NSPS. However, not all components optbposed NSPS are estimated to have cost
savings. Therefore, we analyze potential impaxtsetter understand the potential distribution
of impacts across industry segments and firms.fé#ktaking this approach strengthens the
determination that there will be no SISNOSE. Ualike controls for the proposed NSPS, the
controls evaluated under the proposed NESHAP amentinao not recover significant

guantities of natural gas products.

7.4.1 Small Business National Overview

The industry sectors covered by the final rule weeatified during the development of
the engineering cost analysis. The U.S. Censusdis Statistics of U.S. Businesses (SUSB)
provides national information on the distributidnreconomic variables by industry and
enterprise size. The Census Bureau and the Offiéelvocacy of the Small Business
Administration (SBA) supported and developed tifdes for use in a broad range of economic
analyses: Statistics include the total number of establishisieend receipts for all entities in an
industry; however, many of these entities may rmeatissarily be covered by the final rule. SUSB
also provides statistics by enterprise employmadtraceipt size (Table 7-15 and Table 7-16).

*‘See http://www.census.gov/csd/susb/ and http://veagov/advocacy/ for additional details.
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The Census Bureau’s definitions used in the SU®&Rarfollows:

= Establishmen A single physical location where business isctarted or where
services or industrial operations are performed.

= Firm: A firm is a business organization consisting o @n more domestic
establishments in the same state and industryniiigg specified under common
ownership or control. The firm and the establishhaga the same for single-
establishment firms. For each multi-establishment,festablishments in the same
industry within a state will be counted as one fithre firm employment and annual
payroll are summed from the associated establistenen

= ReceiptsReceipts (net of taxes) are defined as the revémugoods produced,
distributed, or services provided, including revemarned from premiums,
commissions and fees, rents, interest, dividenu$yayalties. Receipts exclude all
revenue collected for local, state, and federadax

= Enterprise An enterprise is a business organization comgjsif one or more
domestic establishments that were specified unal@nton ownership or control. The
enterprise and the establishment are the saménfylesestablishment firms. Each
multi-establishment company forms one enterprisee-ethterprise employment and
annual payroll are summed from the associated lestatents. Enterprise size
designations are determined by the sum of employwifes| associated
establishments.

Because the SBA’s business size definitions (SE®82 apply to an establishment’s “ultimate
parent company,” we assumed in this analysis tieatfirm” definition above is consistent with
the concept of ultimate parent company that iscaipy used for SBREFA screening analyses,

and the terms are used interchangeably.
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Table 7-15

Number of Firms, Total Employment, and Btimated Receipts by Firm Size and NAICS, 2007

Owned by Firms with:

SBA Size

Standard

(effective Total <

Nov. 5, <20 20-99 100-499 500 > 500
NAICS NAICS Description 2010) Employees Employees Employees Employees Employees Total Firms
Number of Firms by Firm Size
211111 Crude Petroleum and Natural Gas Extraction 00 5 5,759 455 115 6,329 95 6,424
211112 Natural Gas Liquid Extraction 500 77 9 12 98 41 139
213111 Drilling Oil and Gas Wells 500 1,580 333 97 2,010 49 2,059
486210 Pipeline Transportation of Natural Gas $ilion 63 12 9 84 42 126
Total Employment by Firm Size
211111 Crude Petroleum and Natural Gas Extraction 00 5 21,170 16,583 17,869 55,622 77,664 133,286
211112 Natural Gas Liquid Extraction 500 372 305 198, 1,875 6,648 8,523
213111 Dirilling Oil and Gas Wells 500 5,972 13,787 16,893 36,652 69,774 106,426
486210 Pipeline Transportation of Natural Gas $i7iloon 241 382 1,479 2,102 22,581 24,683
Estimated Receipts by Firm Size ($1000)
211111 Crude Petroleum and Natural Gas Extraction 00 5 12,488,688 15,025,443 17,451,805 44,965,936 124816 194,107,252
211112 Natural Gas Liquid Extraction 500 209,640 7,982 1,736,706 2,164,328 37,813,413 39,977,741
213111 Dirilling Oil and Gas Wells 500 1,101,481 6904801 3,735,652 7,297,434 16,550,804 23,848,238
486210 Pipeline Transportation of Natural Gas $ilion 332,177 518,341 1,448,020 2,298,538 18,488, 20,796,681
Source: U.S. Census Bureau. 2010. “Number of FiNosnber of Establishments, Employment, Annual Plgyaod Estimated Receipts by Enterprise Receip &ir the

United States, All Industries: 2007.” <http://wveensus.gov/econ/susb/>
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Table 7-16  Distribution of Small and Large Firms byNumber of Firms, Total
Employment, and Estimated Receipts by Firm Size anAICS, 2007

Percent of Firms

Small Large

NAICS NAICS Description Total FirmsBusinesses Businesses Total Firms
Number of Firms by Firm Size

211111  Crude Petroleum and Natural Gas Extraction 4246 98.5% 1.5% 100.0%

211112 Natural Gas Liquid Extraction 139 70.5% 29.5% 100.0%

213111  Drilling Oil and Gas Wells 2,059 97.6% 2.4% 100.0%

486210 Pipeline Transportation of Natural Gas 126 48.4% 51.6% 100.0%
Total Employment by Firm Size

211111  Crude Petroleum and Natural Gas Extraction 33,2B6 41.7% 58.3% 100.0%

211112  Natural Gas Liquid Extraction 8,523 22.0% 78.0% 100.0%

213111  Drilling Oil and Gas Wells 106,426 34.4% 65.6% 100.0%

486210 Pipeline Transportation of Natural Gas 23,68 N/A* N/A* N/A*
Estimated Receipts by Firm Size ($1000)

211111  Crude Petroleum and Natural Gas Extracti®@d4,1D07,252 23.2% 76.8% 100.0%

211112 Natural Gas Liquid Extraction 39,977,741 5.4% 94.6% 100.0%

213111  Drilling Oil and Gas Wells 23,848,238 30.6% 69.4% 100.0%

486210 Pipeline Transportation of Natural Gas 26,681 N/A* N/A* N/A*

Note: Employment and receipts could not be brok®emrdbetween small and large businesses becausmof n
disclosure requirements.

Source: SBA

While the SBA and Census Bureau statistics prowittemative broad contextual
information on the distribution of enterprises bgeipts and number of employees, it is also
useful to additionally contrast small and largeseptises (where large enterprises are defined as
those that are not small, according to SBA cri)a@nahe oil and natural gas industry. The
summary statistics presented in previous tablesatel that there are a large number of
relatively small firms and a small number of lafges. Given the majority of expected impacts
of the proposed rules arises from well completielated requirements, which impacts
production activities, exclusively, some explanatid this particular market structure is
warranted as it pertains to production and smdities. An important question to answer is
whether there are particular roles that small iestgerve in the production segment of the oil
and natural gas industry that may be disproporteipaffected by the proposed rules.
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The first important broad distinction among firrssahether they are independent or
integrated. Independent firms concentrate on eaptm and production (E&P) activities, while
integrated firms are vertically integrated and oftave operations in E&P, processing, refining,
transportation, and retail. To our awarenessgethes no small integrated firms. Independent
firms may own and operate wells or provide E&Pteslaservices to the oil and gas industry.
Since we are focused on evaluating potential ingpcsmall firms owning and operating new

and existing hydraulically fractured wells, we sliboarrow down on this sector.

In our understanding, there is no single indusich@ for small entities in the production
segment of the industry since small operators lkigferent business strategies and that small
entities can own different types of wells. Thearigation of firms in oil and natural gas
industry also varies greatly from firm to firm. didionally, oil and natural gas resources vary
widely geographically and can vary significantlytiin a single field.

Among many important roles, independent small dpesanistorically pioneered
exploration in new areas, as well as developedteetinologies. By taking on these relatively
large risks, these small entrepreneurs (wildcgtteage been critical sources of industrial
innovation and opened up critical new energy sesdor the U.S. (HIS Global Insight). In
recent decades, as the oil and gas industry haotrated via mergers, many of these smaller

firms have been absorbed into large firms.

Another critical role, which provides an interegticontrast to small firms pioneering
new territory, is that smaller independents mamtaid operate a large proportion of the
Nation’s low producing wells, which are also knoasymarginal or stripper wells (Duda et al.
2005). While marginal wells represent about 8@&eet of the population of producing wells,
they produce about 15 percent of domestic prodagctiocording to EIA (Table 7-17).
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Table 7-17  Distribution of Crude Oil and Natural Gas Wells by Productivity Level, 2009

Production
(MMbbl for oil

Type of Wells Wells (no.) Wells (%) and Bcfgas) Production (%)
Crude Oill

Stripper Wells (<15 boe per year) 310,552 85% 311 19%

Other Wells (>=15 boe per year) 52,907 15% 1,331 81%

Total Crude Oil Wells 363,459 100% 1,642 100%
Natural Gas

Natural Gas Stripper Wells (<15 boe per year) 28,0 73% 2,912 12%

Other Natural Gas Wells (>=15 boe per year) 123,332 27% 21,048 88%

Total Natural Gas Wells 461,388 100% 23,959 100%

Source: U.S. Energy Information Administrati@istribution of Wells by Production Rate Bracket.
<http://lwww.eia.gov/pub/oil_gas/petrosystem/us_eaditiml> Accessed 7/10/11.

Note: Natural gas production converted to barrégleguivalent (boe) uses the conversion of 0.17#8dbs of crude oil to
1000 cubic feet natural gas.

Many of these wells were likely drilled and inityabperated by major firms (although
the data are not available to quantify the perggntd wells initially drilled by small versus
large producers). Well productivity levels typigaillow a steep decline curve; high
production in earlier years but sustained low potidm for decades. Because of relatively low
overhead of maintaining and operating few relagiwal-located wells, some small operators
with a particular business strategy purchase lavdpecing wells from the majors, who
concentrate on new opportunities. As small opesatave provided important technical
innovation in exploration, small operators have dlsen sources of innovation in extending the

productivity and lifespan of existing wells (Dudaa¢ 2005).

7.4.2 Small Entity Economic Impact Measures

The proposed Oil and Natural Gas NSPS and NESHAéhdments will affect the
owners of the facilities that will incur compliancests to control their regulated emissions. The
owners, either firms or individuals, are the eastthat will bear the financial impacts associated
with these additional operating costs. The propeatdhas the potential to impact all firms

owning affected facilities, both large and small.
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The analysis provides EPA with an estimate of tlagmitude of impacts the proposed
NSPS and NESHAP amendments may have on the ultohatestic parent companies that own
facilities EPA expects might be impacted by thesulThe analysis focuses on small firms
because they may have more difficulty complyindweitnew regulation or affording the costs
associated with meeting the new standard. Thisoseptesents the data sources used in the
screening analysis, the methodology we appliecet@lbp estimates of impacts, the results of

the analysis, and conclusions drawn from the result

The small business impacts analysis for the NSRPISN&ESHAP amendments relies upon
a series of firm-level sales tests (representamsisto-revenue ratios) for firms that are likedy t
be associated with NAICS codes listed in Table 7-#6r both the NSPS and NESHAP
amendments, we obtained firm-level employment, maes, and production levels using various
sources, including the American Business DirecttrgQil and Gas Journalcorporate
websites, and publically-available financial regortUsing these data, we estimated firm-level
compliance cost impacts and calculated cost-tomaeeatios to identify small firms that might
be significantly impacts by the rules. The apphasctaken for the NSPS and NESHAP
amendments differed; more detail on approachesdon set of proposed rules is presented in

the following sections.

For the sales test, we divided the estimates afa@ired establishment compliance costs
by estimates of firm revenue. This is known asdb&t-to-revenue ratio, or the “sales test.” The
“sales test” is the impact methodology EPA emplioyanalyzing small entity impacts as
opposed to a “profits test,” in which annualizedngdiance costs are calculated as a share of
profits. The sales test is often used becausenuegeor sales data are commonly available for
entities impacted by EPA regulations, and proféasachormally made available are often not the
true profit earned by firms because of accountimgjtax considerations. Revenues as typically
published are correct figures and are more reliedypprted when compared to profit data. The
use of a “sales test” for estimating small businegsacts for a rulemaking such as this one is
consistent with guidance offered by EPA on commlawith SBREFA® and is consistent with
guidance published by the U.S. SBA’s Office of Adaioy that suggests that cost as a percentage

> The SBREFA compliance guidance to EPA rulewritegarding the types of small business analysisstaild
be considered can be found at <http://www.epa.foefa/documents/rfaguidance11-00-06.pdf>
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of total revenues is a metric for evaluating casteéases on small entities in relation to increases
on large entities (U.S. SBA, 2019).

7.4.3 Small Entity Economic Impact Analysis, Proposed NSPS

7.4.3.1 Overview of Sample Data and Methods

The proposed NSPS covers emissions points withiows stages of the oil and natural
gas production process. We expect that firms withultiple NAICS codes will be affected,
namely the NAICS categories presented in Table.7Bécause of the diversity of the firms
potentially affected, we decided to analyze thrisérttt groups of firms within the oil and
natural gas industry, while accounting for overd@poss the groups. We analyze firms that are
involved in oil and natural gas extraction that lgtely to drill and operate wells, while a subset
are integrated firms involved in multiple segmesttproduction, as well as retailing products.
We also analyze firms that primarily operate ndtges processing plants. A third set of firms
we analyzed contains firms that primarily operat®ral gas compression and pipeline

transmission.

To identify firms involved in the drilling and priany production of oil and natural gas,
we relied upon the annu@lil and Gas Journal50 Survey (OGJ 150) as described in the
Industry Profile in Section 2. While the OGJ 1Edd public firms, we believe the list is
reasonably representative of the larger populaifqrublic and private firms operating in this
segment of the industry. While the proportionmiad firm in the OGJ 150 is smaller than the
proportion evaluated by the Census SUSB, the OQGJldvides detailed information on the
production activities and financial returns of thiens within the list, which are critical
ingredients to the small business impacts analyale.drew upon the OGJ 150 lists published
for the years 2008 and 2000i( and Gas JournalSeptember 21, 2009 afil and Gas Journal
September 6, 2010). The year 2009 saw relatiwelyiévels of drilling activities because of the
economic recession, while 2008 saw a relatively hegel of drilling activity because of high

fuel prices. Combined, we believe these two ye&data are representative.

*%U.S. SBA, Office of Advocacy. A Guide for Governmégencies, How to Comply with the Regulatory
Flexibility Act, Implementing the President’s SmBllisiness Agenda and Executive Order 13272, Juh@.20
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To identify firms that process natural gas, the @{Sd releases a period report entitled
“Worldwide Gas Processing Survey”, which provideside range of information on existing
processing facilities. We used the most recenhtfi$).S. gas processing facilittéand other
resources, such as the American Business Direatatycompany websites, to best identify the
parent company of the facilities. To identify fsrthat compress and transport natural gas via
pipelines, we examined the periodic OGJ surveyhereconomics of the U.S. pipeline industry.
This report examines the economic status of albmapd non-major natural gas pipeline
companies? For these firms, we also used the American Bagsidrectory and corporate

websites to best identify the ultimate owner of féalities or companies.

After combining the information for exploration aptbduction firms, natural gas
processing firms, and natural gas pipeline transiomsfirms in order to identify overlaps across
the list, the approach yielded a sample of 274dithat would potentially be affected by the
proposed NSPS in 2015 assuming their 2015 produetitivities were similar to those in 2008
and 2009. We estimate that 129 (47 percent) cktliems are small according to SBA criteria.
We estimate 121 firms (44 percent) are not smatidiaccording to SBA criteria. We are unable
to classify the remaining 24 firms (9 percent) heseaof a lack of required information on

employee counts or revenue estimates.

Table 7-18 shows the estimated revenues for 26&fior which we have sufficient data
that would be potentially affected by the propoB&PS based upon their activities in 2008 and
2009. We segmented the sample into four groupsiyation and integrated firms, processing
firms, pipeline firms, and pipelines/processingfi. For the firms in the pipelines/processing
group, we were unable to determine the firms’ prinime of business, so we opted to group

together as a fourth group.

" 0il and Gas Journal. “Special Report: Worldwide Bascessing: New Plants, Data Push Global Gas 8simge
Capacity Ahead in 2009.” June 7, 2010.

%8 Oil and Gas Journal. “Natural Gas Pipelines ComtiGuowth Despite Lower Earnings; Oil Profits Grow.”
November 1, 2010.

7-37



Table 7-18  Estimated Revenues for Firms in Sampléy Firm Type and Size

Estimated Revenues (millions, 2008 dollars)

Firm Type/Size Number of Firms Total Average Median Minimum Maximum
Production and Integrated

Small 79 18,554.5 234.9 76.3 0.1 1,116.9

Large 49 1,347,463.0 27,499.2 1,788.3 12.9 3100686.

Subtotal 128 1,366,017.4 10,672.0 344.6 0.1 3100686
Pipeline

Small 11 694.5 63.1 4.6 0.5 367.0

Large 36 166,290.2 4,619.2 212.9 7.1 112,493.0

Subtotal 47 166,984.6 3,552.9 108.0 0.5 112,493.0
Processing

Small 39 4,972.1 127.5 26.9 1.9 1,459.1

Large 23 177,632.1 8,881.6 2,349.4 10.4 90,000.0

Subtotal 62 182,604.2 3,095.0 41.3 1.9 90,000.0
Pipelines/Processing

Small 0 N/A N/A N/A N/A N/A

Large 13 175,128.5 13,471.4 6,649.4 858.6 71,852.0

Subtotal 13 175,128.5 13,471.4 6,649.4 858.6 710852
Total

Small 129 24,221.1 187.8 34.9 0.1 1,459.1

Large 121 1,866,513.7 15,817.9 1,672.1 7.1 310®86.

Total 250 1,890,734.8 7,654.8 163.9 0.1 310,586.0

SourcesQil and Gas Journal’‘OGJ150.” September 21, 2009il and Gas Journal*OGJ150 Financial Results
Down in '09; Production, Reserves Up.” Septemb@080. Oil and Gas Journal“Special Report: Worldwide Gas
Processing: New Plants, Data Push Global Gas RiogeSapacity Ahead in 2009.” June 7, 2010, witigahal
analysis to determine ultimate ownership of plai@d. and Gas Journal‘Natural Gas Pipelines Continue Growth
Despite Lower Earnings; Oil Profits Grow.” Novemigr2010. American Business Directory was used to

determine number of employees.

As shown in Table 7-18, there is a wide varietyesfenue levels across firm size, as well as

across industry segments. The estimated revenitieis the sample are concentrated on

integrated firms and firms engaged in producticivdies (the E&P firms mentioned earlier).

7-38



The oil and natural gas industry is capital-intees To provide more context on the
potential impacts of new regulatory requirementhl& 7-19 presents descriptive statistics for
small and large integrated and production firmsifitbe sample of firms (121 of the 128
integrated and production firms listed in @& and Gas Journalcapital and exploration

expenditures for 7 firms were not reported in@ikand Gas Journal

Table 7-19  Descriptive Statistics of Capital and Eploration Expenditures, Small and
Large Firms in Sample, 2008 and 2009 (million 200&ollars)

Capital and Exploration Expenditures (millio@908 dollars)

Firm Size Number Total Average Median Minimum Maxim

Small 76 13,478.8 177.4 67.1 0.1 2,401.9
Large 45 126,749.3 2,816.7 918.] 10.3 22,518.7
Total 121 140,228.2 1,158.9 192.¢ 0.1 22,518.7

SourcesQil and Gas Journal’‘OGJ150.” September 21, 2009il and Gas Journal*OGJ150 Financial Results
Down in '09; Production, Reserves Up.” Septemb@080. American Business Directory was used to
determine number of employees.

The average 2008 and 2009 total capital and exjpporaxpenditures for the sample of 121
firms were $140 billion in 2008 dollars). About pércent of this total was spent by small firms.
Average capital and explorations expenditures rimalkfirms are about 6 percent of large firms;
median expenditures of small firms are about 7 gx@rof large firms’ expenditures. For small
firms, capital and exploration expenditures ardnhiglative to revenue, which appears to hold
true more generally for independent E&P firms coragdo integrated major firms. This would
seem to indicate the capital-intensive nature oPE&tivities. As expected, this would drive up
ratios comparing estimated engineering costs temaes and capital and exploration

expenditures.

Table 7-20 breaks down the estimated number ofralagjas and crude oil wells drilled
by the 121 firms in the sample for which @@ and Gas Journainformation reported well-
drilling estimates. Note the fractions on the minm and maximum statistics; the fractions
reported are due to our assumptions to estimasndiinatural gas wells drilled from the total
wells drilled reported by th®il and Gas Journal The OGJ150 lists new wells drilled by firm in
2008 and 2009, but the drilling counts are not gggo crude oil or natural gas wells. We
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apportion the wells drilled to natural gas and erod wells using the distribution of well drilling

in 2009 (63 percent natural gas and 37 percent oil)

Table 7-20  Descriptive Statistics of Estimated WelIDrilled, Small and Large Firms in
Sample, 2008 and 2009 (million 2008 dollars)

Estimated Average Wells Natural Gas and Crude Gill$\Drilled
(2008 and 2009)

Well TypeFirm Size Number of Firms Total Average Median Minimum Maximum
Natural Gas
Small 76 2,288.3 30.1 6.0 0.2 259.3
Large 45 9,445.1 209.9 149.1 0.6 868.3
Subtotal 121 11,733.4 97.0 28.3 0.2 868.3
Crude Oill
Small 76 1,317.1 17.3 35 0.1 149.2
Large 45 5,436.3 120.8 85.8 0.4 499.7
Subtotal 121 6,753.4 55.8 16.3 0.1 499.7
Total
Small 76 3,605.4 47.4 9.5 0.0 408.5
Large 45 14,881.4 330.7 234.9 0.0 1,368.0
Total 121 18,486.8 152.8 44.6 0.0 1,368.0

SourcesQil and Gas Journal*OGJ150.” September 21, 2009il and Gas Journal*OGJ150 Financial Results
Down in '09; Production, Reserves Up.” Septemb@080. American Business Directory was used to
determine number of employees.

This table highlights the fact that many firms ldilatively few wells; the median for small
firms is 6 natural gas wells compared to 149 fagdafirms. Later in this section, we examine
whether this distribution has implications for #@gineering costs estimates, as well as the

estimates of expected natural product recovery ftonirols such as RECs.

Unlike the analysis that follows for the analysismpacts on small business from the
NESHAP amendments, we have no specific data ompallg affected facilities under the
NSPS. The NSPS will apply to new and modified sesiy for which data are not fully available
in advance, particularly in the case of new andifrextisources such as well completions and
recompletions which are spatially diffuse and po&diy large in number.

The engineering cost analysis estimated compliaosts in a top-down fashion,

projecting the number of new sources at an anewal nd multiplying these estimates by
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model unit-level costs to estimate national impadts estimate per-firm compliance costs in
this analysis, we followed a procedure similartattof entering estimate compliance costs in
NEMS on a per well basis. We first use the OGJi&€ed list to estimate engineering
compliance costs for integrated and production cmgs that may operate facilities in more
than one segment of the oil and natural gas ingustfe then estimate the compliance costs per
crude oil and natural gas well by totaling all cdigupce costs estimates in the engineering cost
estimates for the proposed NSPS and dividing thstt lzy the total number of crude oil and
natural gas wells forecast as of 2015, the yeanafysis. These compliance costs include the
expected revenue from natural gas and condensaieeny that result from implementation of

some proposed controls.

This estimation procedure yielded an estimate wdemwvell compliance costs of $162 per
drilled well and natural gas well compliance cadt$38,719 without considering estimated
revenues from product recovery and -$2,455 peledrivell with estimated revenues from
product recovery included. Note that the divergeofcestimated per well costs between crude
oil and natural gas wells is because the proposédS\requirements are primary directed toward
natural gas wells. Also note that the per welt savings estimate for natural gas wells is
different than the estimated cost of implementiREaC; this difference is because this estimate
is picking up savings from other control optioWe then estimate a single-year, firm-level
compliance cost for this subset of firms by multipy the per well cost estimates with the well

count estimates.

The OGJ reports plant processing capacity in teriddMcf/day. In the energy system
impacts analysis, the NEMS model estimates a G¢epeincrease (from 21.05 tcf in 2011 to
22.43 tcf in 2015) in domestic natural gas productrom 2011 to 2015, the analysis year. On
this, basis, we estimate that natural gas proogssipacity for all plants in the OGJ list will
increase 1.3 percent per year. This annual inanermequivalent to an increase in national gas
processing capacity of 350 bcf per year. We asdtatehe engineering compliance costs
estimates associated with processing are distdboateording to the proportion of the increased
national processing capacity contributed by eaclegssing plant. These costs are estimated at

$6.9 million without estimated revenues from pradecovery and $2.3 million with estimated
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revenues from product recovery, respectively, i6&@ollars, or about $20/MMcf without

revenues and $7/MMcf with revenues.

The OGJ report on pipeline companies has the adgarthat it reports expenditures on
plant additions. We assume that the firm-leveppsed compression and transmission-related
NSPS compliance costs are proportional to the ekpers on plant additions and that these
additions reflect a representative year or thidysma We estimate the annual compression and
transmission-related NSPS compliance costs atr$iBlion without estimated revenues from
product recovery and $3.7 million with estimatedereues from product recovery, respectively,
in 2008 dollars.

7.4.3.2 Small Entity Impact Analysis, Proposed NSPS, Result

Summing estimated annualized engineering compliaosts across industry segment
and individual firms in our sample, we estimatensirin the OGJ-based sample will face about
$480 million in 2008 dollars, about 65 percenthaf estimated annualized costs of the Proposed
NSPS without including revenues from additionalduct recovery ($740 million). When
including revenues from additional product recoyéng estimated compliance costs for the
firms in the sample is about -$23 million, comphte engineering cost estimate of -$45 million.

Table 7-21 presents the distribution of estimategppsed NSPS compliance costs across
firm size for the firms within our sample. Eviddram this table, about 98 percent of the
estimated engineering compliance costs accruestmtbgrated and production segment of the
industry, again explain by the fact that completietated requirements contribute the bulk of the
estimated engineering compliance costs (as wabkasated emissions reductions). About 17
percent of the total estimated engineering compéatosts (and about 18 percent of the costs

accruing the integrated and production segmentjoatesed on small firms.
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Table 7-21  Distribution of Estimated Proposed NSPEompliance Costs Without
Revenues from Additional Natural Gas Product Recouy across Firm Size in Sample of
Firms

Estimated Engineering Compliance Costs Withoutrkztied Revenues from
Natural Gas Product Recovery (2008 dollars)

Firm Type/SizeNumber of Firms Total Mean Median Minimum Maximum
Production and Integrated

Small 79 82,293,903 1,041,695 221,467 3,210 10,054,401

Large 49 387,489,928 7,907,958 5,730,634 15,238 33,677,388

Subtotal 128 469,783,831 3,670,186 969,519 3,210 33,677,388
Pipeline

Small 11 3,386 308 111 18 1,144

Large 36 1,486,929 41,304 3,821 37 900,696

Subtotal 47 1,490,314 31,709 2,263 18 900,696
Processing

Small 39 476,165 12,209 1,882 188 276,343

Large 23 859,507 37,370 8,132 38 423,645

Subtotal 62 1,335,672 21,543 2,730 38 423,645
Pipelines/Processing

Small 0 N/A N/A N/A N/A N/A

Large 13 5,431,510 417,808 147,925 2,003 2,630,236

Subtotal 13 5,431,510 417,808 147,925 2,003 2,630,236
Total

Small 129 82,773,454 641,655 49,386 18 10,054,401

Large 121 395,267,874 3,266,677 57,220 37 33,677,388

Total 250 478,041,328 1,912,165 55,888 18 33,677,388

These distributions are similar when the revenums fexpected natural gas recovery are
included (Table 7-22). About 21 percent of thalteivings from the proposed NSPS is
expected to accrue to small firms (about 19 perogtite savings to the integrated and
production segment accrue to small firms). Nose & Table 7-22 that the pipeline and
processing segments (and the pipeline/processimg)fiare not expected to experience net cost

savings (negative costs) from the proposed NSPS.
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Table 7-22  Distribution of Estimated Proposed NSPEompliance Costs With Revenues
from Additional Natural Gas Product Recovery acrossFirm Size in Sample of Firms

Estimated Engineering Compliance Costs With Estah&®evenues from
Natural Gas Product Recovery (millions, 2008 ds)ar

Firm Type/SizeNumber of Firms Total Mean Median Minimum Maximum
Production and Integrated

Small 79 -5,065,551 -64,121 -13,729 -620,880 8,699

Large 49 -22,197,126  -453,003  -318,551 -2,072,384 423,760

Subtotal 128 -27,262,676 -212,990 -43,479 -2,072,384 423,760
Pipeline

Small 11 2,303 209 76 12 779

Large 36 1,011,572 28,099 2,599 25 612,753

Subtotal 47 1,013,876 21,572 1,539 12 612,753
Processing

Small 39 160,248 4,109 634 63 93,000

Large 23 289,258 12,576 2,737 13 142,573

Subtotal 62 449,506 7,250 919 13 142,573
Pipelines/Processing

Small 0 - - - - -

Large 13 3,060,373 235,413 86,301 716 1,746,730

Subtotal 13 3,060,373 235,413 86,301 716 1,746,730
Total

Small 129 -4,902,999 -38,008 -2,520 -620,880 93,000

Large 121 -17,835,922  -147,404 634 -2,072,384 1,746,730

Total 250 -22,738,922 -90,956 22 -2,072,384 1,746,730
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Table 7-23  Summary of Sales Test Ratios, Without Renues from Additional Natural
Gas Product Recovery for Firms Affected by ProposetSPS

Descriptive Statistics for Sald®st Ratio Without Estimated Reveni
from Natural Gas Product Recovery (%)

Firm Type/Size Number of Firms Mean Median Minimum Maximum
Production and Integrated

Small 79 2.18% 0.49% 0.01% 50.83%

Large 49 0.41% 0.28% <0.01% 2.83%

Subtotal 128 1.50% 0.39% <0.01% 50.83%
Pipeline

Small 11 <0.01% <0.01% <0.01% 0.01%

Large 36 0.01% <0.01% <0.01% 0.06%

Subtotal 47 0.01% <0.01% <0.01% 0.06%
Processing

Small 39 0.05% 0.01% <0.01% 0.33%

Large 23 0.02% 0.01% <0.01% 0.15%

Subtotal 62 0.04% 0.01% <0.01% 0.33%
Pipelines/Processing

Small 0 ---

Large 13 <0.01% <0.01% <0.01% 0.01%

Subtotal 13 <0.01% <0.01% <0.01% 0.01%
Total

Small 129 1.34% 0.15% <0.01% 50.83%

Large 121 0.17% 0.01% <0.01% 2.83%

Total 250 0.78% 0.03% <0.01% 50.83%

The mean cost-sales ratio for all businesses whmated product recovery is excluded
from the analysis of the sample data is 0.78 péyeath a median ratio of 0.03 percent, a
minimum of less than 0.01 percent, and a maximuwwvef 50 percent (Table 7-23). For small
firms in the sample, the mean and median cost-salies are 1.34 percent and 0.15 percent,
respectively, with a minimum of less than 0.01 patand a maximum of over 50 percent
(Table 7-23). Each of these statistics indicatas, tvhen considered in the aggregate, impacts
are relatively higher on small firms than largenf&when the estimated revenue from additional

natural gas product recovery is excluded. Howea®the next table shows, the reverse is true
when these revenues are included.
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Table 7-24  Summary of Sales Test Ratios, With Reveas from Additional Natural Gas
Product Recovery for Firms Affected by Proposed NSB

Descriptive Statistics for Sales Test Ratio WithilBated Revenues
from Natural Gas Product Recovery (%)

Firm Type/Size Number of Firms Mean Median Minimum Maximum
Production and Integrated

Small 79 -0.13% -0.03% -2.96% <0.00%

Large 49 -0.02% -0.02% -0.17% 0.06%

Subtotal 128 -0.09% -0.02% -2.96% 0.06%
Pipeline

Small 11 <0.00% <0.01% <0.01% 0.01%

Large 36 0.01% <0.01% <0.01% 0.04%

Subtotal 47 0.01% <0.01% <0.01% 0.04%
Processing

Small 39 0.01% <0.01% <0.01% 0.05%

Large 23 <0.00% <0.01% <0.01% 0.05%

Subtotal 62 0.01% <0.01% <0.01% 0.05%
Pipelines/Processing

Small 0

Large 13 <0.01% <0.01% <0.01% 0.01%

Subtotal 13 <0.01% <0.01% <0.01% 0.01%
Total

Small 129 -0.08% -0.01% -2.96% 0.05%

Large 121 -0.01% <0.01% -0.17% 0.06%

Total 250 -0.04% <0.01% -2.96% 0.06%

The mean cost-sales ratio for all businesses whmated product recovery is included
is in the sample is -0.04 percent, with a mediaio 1&f less than 0.01 percent, a minimum of
-2.96 percent, and a maximum of 0.06 percent (Tatlé). For small firms in the sample, the
mean and median cost-sales ratios are -0.08 peandni).01 percent, respectively, with a
minimum of -2.96 percent and a maximum of 0.05 @et¢Table 7-24). Each of these statistics
indicates that, when considered in the aggregaigacts are small on small business when the
estimated revenue from additional natural gas prbkcovery are included, the reverse of the
conclusion found when these revenues are excluded.

Meanwhile, Table 7-25 presents the distributioesifmated cost-sales ratios for the
small firms in our sample with and without includiastimates of the expected natural gas

product recover from implementing controls. Whewenues estimates are included, all 129
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firms (100 percent) have estimated cost-salesgéis than 1 percent. While less than 1

percent, the highest cost-sales ratios for snrafidiin the sample experiencing impacts are
largely driven by costs accruing to processing @ipéline firms. That said, the incremental
costs imposed on firms that process natural gasuwoesport natural gas via pipelines are not

estimated to create significant impacts on a caltssratio basis at the firm-level.

Table 7-25 Impact Levels of Proposed NSPS on Smé&lrms as a Percent of Small Firms
in Sample, With and Without Revenues from Additiona Natural Gas Product Recovery

Without Estimated Revenues from Natt With Estimated Revenues from Natural
Gas Product Recovery Gas Product Recovery

Number of Small Number of Small
Firms in Sample % of Small Firms in Firms in Sample % of Small Firms in
Estimated to be Sample Estimated 1 Estimated to be Sample Estimated f

Impact Level Affected be Affected Affected be Affected
C/S Ratio less than 1% 109 84.5% 129 100.00%
C/S Ratio 1-3% 11 8.5% 0 0.00%
CS Ratio greater than 3% 9 7.0% 0 0.00%

When the estimated revenues from product recoveryeat included in the analysis, 11 firms
(about 9 percent) are estimated to have salesatdss between 1 and 3 percent. Nine firms
(about 7 percent) are estimated to have salesdtisss greater than 3 percent. These results
noted, the exclusion of product recovery is somewali#icial. While the mean engineering
compliance costs and revenues estimates are dadi@ijing on the means ignores the distribution
around the mean estimates, which risks maskingtstfeBecause of this risk, the following
section offers a qualitative discussion of smalitexs with regard to obtaining REC services, the
validity of the cost and performance of RECs foa#ifirms, as well as offers a discussion about
whether older equipment, which may be dispropodiely owned and operated be smaller
producers, would be affected by the proposed NSPS.
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7.4.3.3 Small Entity Impact Analysis, Proposed NSPS, Aatthli Qualitative Discussion

3.5.3.3.1 Small Entities and Reduced Emissionsplations

Because REC requirements of the proposed NSPXpeeted to contribute the large
majority of engineering compliance costs, it is ortant to examine these requirements more
closely in the context small entities. Importasgues to resolve are the scale of REC costs
within a drilling project, how the payment systeon fecovered natural gas functions, whether
small entities pursue particular “niche” strateglest may influence the costs or performance in
a way that makes the estimates costs and revemugli

According to the most recent natural gas well dasa from EIA, the average cost of
drilling and completing a producing natural gaslweR007 was about $4.8 million (adjusted to
2008 dollars). This average includes lower codtswthat may be relatively shallow or are not
hydraulically fractured. Hydraulically fracturecelhs in deep formations may cost up to $10
million. RECs contracted from a service provider estimated to cost $33,200 (in 2008 dollars)
or roughly 0.3%-0.7% of the typical cost of a dind) and completing a natural gas well. As this
range does not include revenues expected fromalagas and hydrocarbon condensate recovery
expected to offset REC implementation costs, RESEsdikely represent a small increment of

the overall burden of a drilling project.

To implement an REC, a service provider, which nitsglf be a small entity, is typically
contracted to bring a set of equipment to the patl temporarily to capture the stream that
would otherwise be vented to the atmosphere. Bjlgicservice providers are engaged in a long
term drilling program in a particular basin covermultiple wells on multiple well pads. For
gas captured and sold to the gathering systemgel&ammatic Custody Transfer (LACT)
meters are normally read daily automatically, asldstransactions are typically settled at the
end of the month. Invoices from service provicaes generally delivered in 30-day increments
during the well development time period, as welabthe end of the working contract for that
well pad. The conclusion from the information, é&®n the available information, in most
cases, the owner/operator incurs the REC costmilld same 30 day period that the

owner/operator receives revenue as a result dREfE.
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We assume small firms are performing RECs in COWiYd as in many instances RECs
are required under state regulation. In additm8tate regulations, some companies are
implementing RECs voluntarily such as through pgrétion in the EPA Natural Gas STAR
Program and the focus of recent press reports.

As described in more detail below, many small ireefent E&P companies often do not
conduct any of the actual field work. These finvil typically contract the drilling, completion,
testing, well design, environmental assessmentpaaidtenance. Therefore, we believe it is
likely that small independent E&P firms will conttdor RECs from service providers if
required to perform RECs. An important remindehet performing a REC is a straightforward

and inexpensive extension of drilling, completiangd testing activities.

To the extent that very small firms may speciaiizeperating relatively few low-
producing stripper wells, it is important to asketlier low-producing wells are likely candidates
for re-fracturing/re-completion and, if so, whetliee expected costs and revenues would be
valid. These marginal gas wells are likely to leoand in conventional formations, and as
such are unlikely to be good candidates for retfi@mg/completion. To the extent the marginal
wells may be good candidates for re-fracturing/cletingn, the REC costs are valid estimates.
The average REC cost is valid for RECs performedronwell, regardless of the operator size.
The reason for this is that the REC service isreatéd out to specialty service providers who
charge daily rates for the REC equipment and wark&he cost is not related to any well
characteristic.

Large operators may receive a discount for offelamger contracts which help a service
provider guarantee that REC equipment will bezgii. However, we should note that the
existence of a potential discount for larger cactas based on a strong assumption; we do not
have evidence to support this assumption. Sinogacing REC equipment is analogous to
contracting for drilling equipment, completion ggunent, etc., the premium would likely be in
the same range as other equipment contracted by gmeaators. Since the REC cost is a small
portion of the overall well drilling and completi@ost, the effect of any bulk discount disparity
between large and small operators will be smaih fact it does exist.
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Although small operators may own the majority ofrgaal and stripper wells, they will
make decisions based on economics just as any &regany would. For developing a new
well, any sized company will expect a return onrthrezestment meaning the potential for
sufficient gas, condensate, and/or oil productmpdy back their investment and generate a
return that exceeds alternative investment oppiitsn Therefore, small or large operators that
are performing hydraulic fracture completions \eperience the same distribution of REC
performance. For refracturing an existing welg well must be a good candidate to respond to
the re-fracture/completion with a production in@e#hat merits the investment in the re-

fracture/completion.

Plugging and abandoning wells is complex and cpstysustaining the productivity of
wells is important for maximizing the exploitatiohproven domestic resources. However,
many marginal gas wells are likely to be older andonventional formations, and as such are
unlikely to be good candidates for re-fracturingigetion, which means they are likely

unaffected by the proposed NSPS.
3.5.3.3.2 Age of Equipment and Proposed Regukation

Given a large fraction of domestic oil and natwas$ production is produced from older
and generally low productivity wells, it is impontato examine whether the proposed
requirements might present impediments to ownelsoperators of older equipment. The NSPS
is a standard that applies to new or modified ssair@Because of this, NSPS requirements target
new or modified affected facilities or equipmenigls as processing plants and compressors.
While the requirements may apply to modificatiohgxisting facilities, it is important to
discuss well completion-related requirements afmla other requirements in the NSPS

distinctly.

Excluding well completion requirements from thetaestimates, the non-completion
NSPS requirements (related to equipment leaksogepsing plants, reciprocating and
centrifugal compressors, pneumatic controllers, stothge vessels) are estimated to require $27
million in annualized engineering costs. EPA astimates that the annualized costs of these
requirements will be mostly if not fully offset bgvenues expected from natural gas recovery.

EPA does not expect these requirements to disptiiopately affect producers with older
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equipment. Meanwhile, the REC and emissions cotidyusequirements in the proposed NSPS
relate to well completion activities at new hydreally fractured natural gas wells and existing
wells which are recompleted after being fractureceefractured. These requirements constitute
the bulk of the expected engineering complianceeegjiures (about $710 million in annualized
costs) and expected revenues from natural gas gtrogeitovery (about $760 million in revenues,

annually).

While age of the well and equipment may be an ingmifactor for small and large
producers in determining whether it is economiodltacture or re-fracture an existing well, this
equipment is unlikely to be subject to the NSP®.cdmply with completion-related
requirements, producers are likely to rely heawityportable and temporary completion
equipment brought to the wellpad over a short geoftime (a few days to a few weeks) to
capture and combust emissions that are otherwistede The equipment at the wellhead—
newly installed in the case of new well completionglready in place and operating in the case

of existing wells—is not likely to be subject t@thNSPS requirement.

7.4.3.4 Small Entity Impact Analysis, Proposed NSPS, Sargefnalysis Conclusion

The number of significantly impacted small busimssis unlikely to be sufficiently large
to declare a SISNOSE. Our judgment in this deiteaition is informed by the fact that many
affected firms are expected to receive revenues thee additional natural gas and condensate
recovery engendered by the implementation of tmerots evaluated in this RIA. As much of
the additional natural gas recovery is estimatearige from completion-related activities, we
expect the impact on well-related compliance ctistse significantly mitigated. This conclusion
is enhanced because the returns to reduced ensssiompletion activities occur without a
significant time lag between implementing the cohéind obtaining the recovered product
unlike many control options where the emissionsicidns accumulate over long periods of
time; the reduced emission completions and recaiopkeoccur over a short span of time,

during which the additional product recovery isoagcomplished.
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7.4.4 Small Entity Economic Impact Analysis, Proposed NESHAP Amendments

The proposed NESHAP amendments will affect faesitbperating three types of
equipment: glycol dehydrators at production faest glycol dehydrators at transmission and
compression facilities, and storage vessels. Watified likely affected facilities in the
National Emissions Inventory (NEI) and estimateel tiumber of newly required controls of
each type that would be required by the NESHAP aimemts for each facility. We then used
available data sources to best identify the ultex@atner of the equipment that would likely
require new controls and linked facility-level colilmpce cost estimates to firm-level
employment and revenue data. These data werauigehto calculate an estimated compliance
costs to revenues ratio to identify small busings$iat might be significantly impacted by the
NESHAP.

While we were able to identify the owners all bdtfacilities likely to be affected, we
could not obtain employment and revenue levelsllaof these firms. Overall, we expect about
447 facilities to be affected, and these faciliaes owned by an estimated 160 firms. We were
unable to obtain financial information on 42 (26qat) of these firms due to inadequate data.
In some instances, firms are private, and finardad is not available. In other instance, firms
may no longer exist, since NEI data are not updedetinuously. From the ownership
information and compliance cost estimates frometfigineering analysis, we estimated total

compliance cost per firm.

Of the 118 firms for which we have financial infaation, we identified 62 small firms
and 56 large firms that would be affected by theSNBP amendments. Annual compliance
costs for small firms are estimated at $3.0 mill{d& percent of the total compliance costs), and
annual compliance costs for large firms are estchat $10.7 million (67 percent of the total
compliance costs). The facilities for which we enable to identify the ultimate owners,
employment, and revenue levels would have an ettrennual compliance cost of $2.3 million

(15 percent of the total). All figures are in 200@lars.

The average estimated annualized compliance cotdd2 small firms identified in the
dataset is $48,000, while the mean annual revagueeffor the same firms is over $120 million,

or less than 1 percent for a average sales-téstfoatall 62 firms (Table 7-26). The median

7-52



sale-test ratio for these firms is smaller at pé&rcent. Large firms are likely to see an average
of $190,000 in annual compliance costs, whereasageaevenue for these firms exceeds $30
billion since this set of firms includes many oétvery large, integrated energy firms. For large
firms, the average sales-test ratio is about Oeddégmt, and the median sales-test ratio is less
than 0.01 percent (Table 7-26).

Table 7-26  Summary of Sales Test Ratios for Firmsffected by Proposed NESHAP
Amendments

No. of Known % of Total Known Min. C/S I\é%

Firm Size Affected Firms Affected Firms Mean C/S Ratio  Median C/S Ratio Ratio Ratio
Small 62 53% 0.62% 0.14% <0.01% 6.2%
Large 56 47% 0.01% <0.01% <0.01% 0.4%
All 118 100% 0.34% 0.02% <0.01% 6.2%

Among the small firms, 52 of the 62 (84 percend) ldkely to have impacts of less than 1
percent in terms of the ratio of annualized cormgecosts to revenues. Meanwhile 10 firms
(16 percent) are likely to have impacts greaten thpercent (Table 7-27). Four of these 10
firms are likely to have impacts greater than Ipet (Table 7-27) While these 10 firms might
receive significant impacts from the proposed NE®B+Ha#nendments, they represent a very
small slice of the oil and gas industry in its satiy, less than 0.2 percent of the estimated 6,427
small firms in NAICS 211 (Table 7-27).

Table 7-27  Affected Small Firms as a Percent of Srihdrirms Nationwide, Proposed
NESHAP amendments

Affected Firms
Number of Small % of Small Firms as a % of

Firms Affected Affected National Firms
Firm Size Nationwide Nationwide (6,427)
C/S Ratio less than 1% 52 83.9% 0.81%
C/S Ratio 1-3% 6 9.7% 0.09%
CS Ratio greater than 3% 4 6.5% 0.06%

Screening Analysis ConclusiofVhile there are significant impacts on small bass) the
analysis shows that a substantial number of sinalkfare not impacted. Based upon the
analysis in this section, we presume there is ISINSISE arising from the proposed NESHAP
amendments.
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