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I.  INTRODUCTION

The Clean Air Act Amendments of 1990 (CAA) autherthe United States Environmental
Protection Agency (EPA) to regulate emission soaigreposed for oil and gas activities within
certain areas of the United States Outer Contih&fitelf (OCS). The jurisdiction of EPA’s
authority includes, in part, all of the Alaska O@I&nning areas (CAA Section 328). Therefore,
the EPA promulgated the OCS Air Regulations (OARJer 40 CFR Part 55 requiring certain
operators to apply for EPA permits to constructyali as air quality permits, to ensure
attainment and maintenance of federal and statéeaindir quality standards and to comply with
the CAA.

In December 2011, jurisdictional air quality contr@sponsibilities for the Arctic OCS were
transferred from the EPA to the Department of titerior (DOI) when Congress revised CAA
Section 328 and approved the Consolidated Appropng Act, 2012. Proposed OCS operators
are required to comply with the DOI/Bureau of Océarergy Management (BOEM) Air Quality
Regulatory Program (AQRP), established under 30 B&R 550, Subpart C, and BOEM has the
obligation to implement the authority provided iI€® Lands Act (OCSLA) Section 5(a)(8) (see
45 Fed. Reg. 15128, 3/7/1980).

The BOEM Alaska Outer Continental Shelf Regiondic@f(AOCSR) is responsible for
assessing the potential environmental impacts sdmnd gas exploration, development, and
production activities on the Alaska OCS. In adaifidOCSR is responsible for regulating
emission sources from oil and gas activities withim Chukchi Sea and Beaufort Sea OCS
Planning Areas adjacent to the North Slope Bordif$B) of Alaska. Figure I-1 shows the
Alaska OCS area and NSB of Alaska.

To enable BOEM to assess potential air quality icbp&om oil and gas exploration,
development and production on the Alaska OCS akasd¢hose in near-shore state waters
(within 3 nautical miles of the coast), and relab@shore activities, BOEM is sponsoring this
Arctic Air Quality Impact Assessment Modeling Stu@dyctic AQ Modeling Study). The study
will inform two important objectives and provideveeal secondary benefits:

National Environmental Policy Act (NEPA) Environmental Impact Air Quality
AssessmentsTo date, much of the emissions and meteorolog@td developed for the
Arctic region are project specific. The Arctic AQolleling Study will provide a
comprehensive baseline air quality analysis wito@prehensive emissions inventory,
consistent meteorological dataset, and air disper@nalysis to support environmental
impact assessments under NEPA.

BOEM AQRP. The Arctic AQ Modeling Study will assess currentthasls for
estimating thresholds used to assess the potandtiatse effects that planned offshore oll
and gas activities might have on onshore air gyals required by the BOEM AQRP,
and recommend improvements, if necessary.

Secondary BenefitsThe Arctic AQ Modeling Study will provide improvexhd
consolidated information about the emission souircéise study area, disseminate that
information to the public, and inform several envnimental justice initiatives.
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A. Arctic AQ Modeling Study Purpose

The NEPA air quality assessment and the BOEM AQRR#tyais are separate and distinct
evaluations required before BOEM can approve plansil and gas activities proposed for the
Arctic OCS. When these two evaluations are useethay, they provide a holistic assessment of
Arctic air pollution transport and show how new ssmn sources, both onshore and offshore,
might impact air quality on the North Slope androvear shore areas. In addition, the combined
evaluation determines the extent of cumulativeat$fevhen considering other emission sources
affecting the North Slope (e.g., onshore and ir share state waters). Results of this study may
be used by various entities in support of enviromiagustice initiatives and permit applications,
and the study would serve the public seeking actlaiad reliable accounting of air pollution
effects on the people and natural environment®NBB.

BOEM uses air quality dispersion modeling to assiesgpotential onshore impacts of emissions
from proposed Arctic OCS oil and gas activitiese Btcuracy of the modeling predictions
depends on several factors, including the ratema$sions and a representative meteorological
dataset. Thus, the air quality impact analysisiy as comprehensive as the emissions inventory
on which the analysis is based, and only as ac@asathe meteorological dataset applied to
simulate dispersion and transport of the pollutavkile the EPA, the Alaska Department of
Environmental Conservation (ADEC), and various pté OCS operators have prepared
emissions inventories of sources located on thehi\Blope for purposes of air permitting and
other regulatory needs, research is needed to twgejher data from these resources that will
contribute to a comprehensive accounting of anamassions.

B. Emissions Inventory Objectives and Protocol

One of the first steps in performing the Arctic M@deling Study, and in support of subsequent
air quality modeling analyses, was to develop apefmensive air emissions inventory that
accurately estimates emissions within the studg grat encompasses the North Slope region
and adjacent waters of the Beaufort Sea and Ch8ehiPlanning Areas (Figure I-1). The
primary objective of the inventory was to estimabaissions from equipment and activities that
occurred under the baseline and future year saenddevelopment of the scenario on which the
inventory projections were based was provided b¥BIQand is described in detail in this
report.

The first milestone of the inventory was developing Arctic AQ Modeling Study Emissions
Inventory Protocol. The protocol defines the ineeptscope and describes the methodologies to
be used for each source type, in order to estia@atarate emissions in a format suitable for use
in air quality modeling. The protocol also providesapproach for quality assurance and quality
control (QA/QC). A draft emissions inventory pratbavas prepared and reviewed by BOEM
and the SRG; their comments were incorporatedtivedinal methodology that was used for the
inventory.
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Figure I-1. Regional Map Depicting OCS Planning Aras, including location of Arctic Air

Quality Impact Assessment Modeling StudyCurrently leased areas are indicated in green.)
Data Source: BOEM, 2014b

C. Emissions Inventory Scope

The scope of the air emissions inventory for thetisBrAQ Modeling Study includes
these elements, which are described in detail helow

Baseline — the year selected for the inventorymoich the most recent credible reliable
information was available.

Future scenarios — future year sources and aeswuitiat are reasonably foreseeable and
expected to continue for an extended period of.time

Pollutants — the specific air pollutants in theentory.

Sources — range of source types/categories forrmdiicemissions are estimated (e.g.,
onshore oil and gas production, near shore a&s/igmissions from pipelines, etc.).
Geographical domain and spatial resolution — anda@amnwhich emissions are estimated,
and the level of detail or specificity at which ssions are estimated (e.g., geographic
location, centroid (center) of a community or \ik8)

Temporal resolution (e.g., annual, monthly, dalyurly).

! The term “village” is used interchangeably witlofiemunity” in this report.
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1. Baseline and Future Scenarios

In an effort to determine a “base year” for thetRr&Q Modeling Study emissions inventory,
several factors were considered including the sogable year to use for baseline quality
modeling (i.e., the primary use of the inventognd the availability of data needed to estimate
emissions.

ERG targeted a base year of 2012 for the ArcticM&lel Study emissions inventory, although
some data from other years (including 2011 and P@E3e substituted as needed to form a
complete dataset of emissions for the baselins.iddportant to note that year 2012 is
representative of “typical” Arctic meteorologicarditions (needed for air quality modeling),
and provided the best opportunity for collecting thide range of activity data needed for
estimating emissions from most of the air pollutsmurces operating on the North Slope. The
combination of year 2012, 2011, and 2013 data fdrthe “baseline” for the Arctic AQ
Modeling Study emissions inventory.

Also, projected (future year) emissions were ediahdor use in evaluating impacts anticipated
from potential future oil and gas exploration, depenent, and production activities on the
Arctic OCS. ERG projected future emissions basethfammation and guidance provided by
BOEM for a “full build-out” scenario (BOEM, 2014bJhe sources for which emissions were
estimated, and the methods used for projectingssoms under the full build-out scenario are
discussed in Section IV of this report.

2. Pollutants

Emissions were estimated for the CAA pollutantsvibich air quality “criteria” have been
established, hazardous air pollutants, precursaitset criteria air pollutants, and greenhouse
gases reported under the EPA’s Greenhouse GastiRgperogram (U.S. EPA, 2009a). The
specific pollutants are listed below:

Criteria air pollutants (CAPs) as defined by CAAtPS Section 108:
o Carbon monoxide (CO).
o Nitrogen dioxide (NQ) estimated as nitrogen oxides (NO
0 Sulfur dioxide (SQ).
o Particulate matter (PM) with an aerodynamic diametéess than or equal to 10
micrometers (Lm), or PM.
o PM with an aerodynamic diameter of less than oaktpu2.5 um, or PMs.
o Ozone (i.e., precursor volatile organic compountsCj).
0 Lead (Pb).
Coarse fraction of PM (i.e., between 10 and 2.5, anPMpy-2 5.
Hydrogen sulfide (BS), a potential component of natural gas.
Greenhouse gases (GHGSs) in terms of carbon dieqdealents (Cge):
o Carbon dioxide (Cg).
o0 Methane (CH).
o0 Nitrous oxide (NO).
o Sulfur hexafluoride (S§.
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0 Hydrofluorocarbons (HFCs).

o Perfluorocarbons (PFCs).
Global warming potentials (GWPs) required under ERAHG Reporting Program were
used to estimate GO (IPCC, 2007) with a GWP of 25 for €ldnd a GWP of 298 for
N20. (Although SE, HFCs, and PFCs are included in this list, nonthese GHGs were
emitted by the inventoried sources.)
Hazardous air pollutants (HAP) as defined by CAAeTIIll. Note that for a few sources,
carbon tetrachloride (Cgland methyl chloroform (C¥Ch) emissions were estimated.
Although these are also considered GHGs, they wlassified under HAP, only.

3. Inventory Sources

Emissions from anthropogenic (i.e., human-causedices were estimated for the Arctic AQ
Modeling Study emissions inventory, including siatiry sources located in North Slope
communities and olil fields, onroad motor vehiclesnroad equipment, marine vessels and other
offshore (oil- and gas-related) sources (i.e., @5 and near shore in state waters), and
airports. Also, emissions from other sources wstemated based on their potential influence on
air quality concentrations, including dust emissidmom paved and unpaved portions of the
Dalton Highway and other roads located in commasitind the oil fields. Table I-1 lists the
source groups and categories included in the Adf)dViodeling Study emissions inventory and
the associated air pollutants. Although some ofktharce categories shown in Table I-1 were not
active during 2012, these sources are reasonapgcted to occur under the future year scenario
(e.g., offshore oil and gas platform constructjplatform operation, and pipelaying activities).

Also note that emissions from nonanthropogenic émgsources (e.g., N@missions from
soils and VOC from vegetation; geogenic sourceh sgil seeps and wildfires) are closely
related to the Sparse Matrix Operator Kernel Emss(SMOKE) emissions processing
performed during a future stage in this study.

4. Geographic Domain and Spatial Resolution

The domain of the Arctic AQ Modeling Study emissidnventory is the area encompassing the
Arctic OCS, including the Chukchi and Beaufort Seesar shore state waters (within 3 nautical
miles of the coast), and the NSB.

The spatial resolution of the inventory dependshensource. For example, some sources such as
power plants were pinpointed based on their gedgragpordinates (i.e., latitude and longitude),
while other sources such as nonroad vehicles @gwmobiles and all terrain vehicles (ATVS))
and residential fuel combustion were “placed” &t ¢kntroid of the community in which they

were used. The latitude/longitude coordinates ifiettie location of “point sources” and the
centroid of a geographic area (e.g., communityfieldl) identifies the location of all other

source categories (i.e., area, mobile, and nonroad)

The resolution of the geographical area coverethbymissions inventory is based on the grid
cell size needed for photochemical and dispersiodaiing, which will be designated under
other project tasks.
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Table I-1. Sources Included in the BOEM Arctic AQ Modeling Study Emissions Inventory

Group and Category

Pollutants for which Emissions were Estimate

CO

NOy

SC,

VOC

Pb

PMs.

PM¢

GHG

HAP

H>

NH3

Offshore Oil & Gas
Activities

Seismic survey and supply ves:

Seismic support helicopt¢

On-ice seismic survey equipm

Exploratory drilling— drill ships, jackup:

Exploratory drilling— fleet suppoi vessel

Platform constructioand support vesst

Island construction and support ves

Production platform operati

Platforn suppori- supply and support vess

Platform suppor— helicopter

Pipelayingand support vesst

Off-
shore -
Other

Commercial marine vess

Research vessi

Onshore
Oil & Gas
Fields

Seismic survey equipme

Drilling/exploratior

Well pad:

Processing plants, gathering centers

Support (injection, seawattreatmenti

Alir-
ports

Aircraft and helicoptel

Ground support equipme

TransAlaska
Pipeline System

Pump stations -4)

On-road patrol vehicle

Aerial surveillance aircre

TAPS fugitive:

Natural gas supply line fugitiv

Pigging operatior

Pipeline replaceme, repai
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Table I-1. Sources Included in the BOEM Arctic AQ Modeling Study Emissions Inventory (Continued)

Group and Category

Pollutants

CO

NOy

SC,

VOC

Pb

PMs.

PM¢

GHG

HAP

H>

(S

-

NH3

Onshore Non-Oil &

Gas Activities

Power plant

Industrial/ommercial/institutiondresidentic
fuel combustion

On-road motor vehicle

Nonroad mobile sourc

Roaddus

Waste burnin

Wastewaterreatmer

Fuel dispensin

Spills

OCES pipeline spill:

Platform spill:
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5. Temporal Resolution

Emissions for the majority of sources were estich@ie an annual basis (i.e., emissions
generated during 2012). In a few instances, morghlissions were estimated first (based on the
activity data available), then annual emissionseveaticulated. For purposes of this emissions
inventory report, the emissions inventory resules@ovided in tons per year (tons/yr).

Emissions on an hourly, daily, and seasonal basislao needed for near- and far-field
dispersion and photochemical modeling. ERG will teseporal allocation factors in the
SMOKE emissions model for some sources; other teahadiocations will be source-specific
(e.g., residential heating most intensive in theter months, heavy equipment most active in
winter months when tundra is frozen).

After the modeling protocols are finalized and thedeling scenarios are defined, ERG will
develop any additional temporal profiles that deflie emissions conditions needed for
modeling. These will most likely address the sosifm®jected to operate offshore, as well as
sources located in the onshore communities that kassonal and diurnal variations.

D. Arctic AQ Modeling Study Emissions Inventory Develpment Team

The development of the Arctic AQ Modeling Study ssimns inventory was a collaborative
team effort3. In addition to managing the overatljpct, ERG led development of emissions
inventory. A Science Review Group (SRG) of techhgdoerts provides independent technical
review for the entire project. Other ERG team memlassisting with the modeling work
include ENVIRON International Corporation (meteagital and photochemical modeling lead)
and University of Alaska Fairbanks (assisting wviite photochemical modeling).

E. Report Organization

The remainder of this report comprises the follaywections:

Section II: Development of Offshore Emissions Ineewn. This section describes the
methods and data used to estimate emissions awat@Elemissions temporally and
spatially for offshore oil and gas activities (j.eeismic surveys, drilling, platforms, and
pipelaying and support activities) and offshore-ndrand gas activities (i.e., commercial
marine and research vessels).

Section IlI: Development of Onshore Emissions Irieey This section describes the
methods and data used to estimate emissions aat@Elemissions temporally and
spatially for onshore oil and gas activities (iseismic surveys, drilling, and production),
airports, TAPS, stationary sources (e.g., fuel aestibn), paved and unpaved road dust,
mobile sources, nonroad motor vehicles, waste bgrr@nd wastewater treatment.
Section IV: Development of Emissions ProjectionkisTsection describes the scenario
defined for the basis of the emissions projectia.as, sources affected, activity levels
projected), as well as the methods, data, and ggg&ums used to estimate emissions.
Section V: QA/QC. This section describes the eldsehthe QA Program developed for
this project, as well as the specific QC checks$gpered to ensure the highest quality
emissions inventory possible.
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Section VI: Results. This section provides tablieesults that show estimated emissions
for tons/yr by pollutant and source groups forlbaseline inventory and the future year
projections. Also, this section discusses the &étioins of the estimates caused by
uncertainty and presents recommendations for futopeovements.

Section VII: References. This section containsrame@hensive list of all references,
source documents, websites, etc., used to deval@ntory methods and make estimates.
Appendix A: This contains a Technical Report witipgorting data used to develop the
Arctic AQ Modeling emissions inventory.
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Il. DEVELOPMENT OF OFFSHORE EMISSIONS INVENTORY

This section describes the methods and data usestitoate baseline emissions from all offshore
sources and activities occurring within the Chuksba and Beaufort Sea OCS Planning Areas
adjacent to the NSB, as well as those in near sttate waters (within 3 nautical miles of the
coast).

The method used to estimate vessel emissions waspty activity data to appropriate GREET
marine vessel emission factors (ANL, 2013) and ispiea profiles. For estimating helicopter
and aircraft landing and takeoff (LTO) emissionRGused the Federal Aviation
Administration’s (FAA’s) Emissions and Dispersiorolieling Systems (EDMS) (FAA, 2013).
The specific pollutants that were estimated fohesaurce are listed in Table I-1.

A. Oil/Gas Related Sources

Offshore oil and gas activities in 2012 were lirdite seismic survey and exploratory drilling
operations. The seismic survey occurred during-dagbperiod and focused on specified areas
in the Beaufort Sea and a small part of the Chutselai. Exploratory drilling in 2012 was
implemented in both seas using two teams equipgpddnilling rigs, support vessels, ice
breakers, oil spill response vessels, and heliccogeport for a period of 53 days in the Chukchi
Sea and 29 days in the Beaufort Sea. In 2012, there no offshore production platforms, no
platform or pipeline construction activities, arul geohazard or geotechnical surveys.

1. Seismic Survey Operations

Seismic surveys are used in the Arctic to
evaluate the possible locations of oil-bearing
strata (seismic survey), assess geologic risk to
constructed structures (geohazard surveys), and
provide seabed data for platform design and
construction (geotechnical surveys). Only
seismic survey vessels are included in the 2012
inventory, while all three types are included in
the projected inventory (see Section 1V). There
are several different types of survey vessels, but
most are equipped with an air gun that generates
Figure II-1. Typical Seismic Survey a sound wave that bounces off the seabed and is
Online image from PG&E: How the 3D Higimergy PiCked up by an array of acoustic receivers
Survey Works. © Used by Permission. (hydrophones) that are pulled behind the vessel
(Figure 11-1) (PennWell, 2012). Results from the
seismic soundings are mapped to identify densibyvalies in the geologic strata that could
suggest the existence of oil and possible sitesxXploratory drilling.

The survey vessel emissions inventory includesnedis for associated support vessels. Support
vessels are ice breakers and scout vessels. lakdsetravel ahead of the seismic survey vessel
to break up ice along the route. Scout vesselsraedler vessels, and travel ahead of the seismic
survey vessel to warn of ice coverage or locatiosea life, mainly whales. Emissions were
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estimated by applying emission factors and HAP igpiea profiles to activity data and load
factors for 2012.

Survey vessel activity was defined in terms of \widt hours (kW-hrs) derived from vessel
power ratings, hours of operation, and appropiadd factors. Internet searches were
implemented to identify seismic surveys conductethe Arctic in 2012. Through these
searches, one seismic survey project implementbdtimthe Chukchi and Beaufort Seas was
identified, the ION Geophysical Seismic Survey (BQER012b).

Based on BOEM's Environmental Assessment
(EA) for the ION survey, ERG compiled vessel
identification information, including engine
characteristics (kW power rating) and estimated
hours of operation for 2012. The two vessels
used in the ION survey were tMV Geo Arctic
and the ice breakétolar Prince

TheM/V Geo Arctids a Russian-flagged 2D
Figure II-2. M/V Geo Arctic seismic survey vessel (Figure 11-2). This vessel is
Image from lon Geophysical 81.85 meters (m) long with a breadth of 14.8 m
and a draft of 5.23 m. It has a maximum speed dfribds and a cruising speed of 12.5 knots.
While conducting a seismic survey, tiéV Geo Arctictravels at a rate of 3 to 4 knots. This
vessel has a power rating of 7,576 kw (BOEM, 2012b)

For the 2012 survey, thd/V Geo Arctic

followed behind thd>olar Princeat a distance of
0.5 to 1 km. Thé?olar Princeis a medium class
100A icebreaker with a power rating of 3,820
kW (Figure 11-3). It is 67.1m long with a breadth
of 15 m and a draft of 6 m. It has a maximum
speed of 14.5 knots and a cruising speed of 11
knots. ThePolar Princeprovided support duties
as necessary, including at-sea refueling for the
M/V Geo ArctiBOEM, 2012b).

‘ { The EA provided kW ratings for tHd/V Geo
Figure 11-3. Polar Prince Arctic and thePolar Prince including an
Image from lon Geophysical estimate of the number of days at sea, estimated
start and end dates, and operating hours. BOEMd®d\the date at which operations were
actually completed (BOEM, 2012c). The estimatedaipgeg hours were adjusted to reflect the
actual number of days the vessels were at sead basa ratio of actual days to estimated days.
The adjusted number of operating hours for eackeles listed in Table II-1.
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Table II-1. Estimated Operating Hours for the 201200N Geophysical Seismic Survey

Estimated Adjusted
ATIE] Number of
Vessel Name Number of Operating Number of 0 X
Days Hours Days perating
Hours
M/V Geo Arcti 76 1,82¢ 35 84(
Polar Prince 76 2,28( 35 1,05(

Sources: BOEI, 2012t; BOEM, 2012

Survey vessel activity was defined as kW-hrs derivem the adjusted hours of operation, the
vessel power ratings, and an appropriate loadfacte survey vessel engines were assumed to
be medium-speed diesel engines, and the load faet®assumed to be 90 percent to account for
increased load associated with towing the arraacotistic receptors (Wilson et al., 201%he

load factor for support vessels was assumed t@ lpefcent (Marintek, 2010). The survey vessel
activity was calculated as follows:

kW-hrs = kW x LF x hrs
where:

kW = Vessel power rating (kilowatts)

LF = Load factor (%)

hrs = Adjusted number of operating hours for eaetsel
Example Calculation:

Total hours of operation in 2012 for tM¢V Geo Arcticwere 840. The power rating is 7,576 kW
and the load factor is 0.90.

kW-hrs = 840 x 7,576 x 0.90
kW-hrs = 5,727,456

The survey vessel activity is summarized as follows

M/V Geo Arctic: 5,727,456 kW-hrs
Polar Prince: 2,476,793 kW-hrs

The emission factors for the survey vessels arecdbas combustion of ultra-low sulfur fuels (15
parts per million (ppm)). Table 1I-2 lists the esi@n factors applied to the vessel activity data.

Table 1I-2. Seismic Survey Vessel Emission Factotgrams/kW-hr)

Pollutant Emission Factol
NO, 9.¢
VOC 0.t
COo 1.1
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Table 1I-2. Seismic Survey Vessel Emission Factofgrams/kW-hr) (Continued)

Pollutant Emission Factol

SG, 0.00595315
PMyc 0.15118024
PMys 0.11118024

Pk 0.0000:
NH3 0.00:
CG, 646.0¢
CH, 0.00¢
N,O 0.031

Source ANL, 201z

Survey vessel emissions were calculated as follows:
E = kW-hrs x EF x CF

where:
E = Emissions (tons)
kW-hrs = Annual activity data (kilowatt-hours)
EF = Emission factor (g/kW-hrs)
CF = Conversion factor (g = 1.10231°®n)

Example Calculation:

Total kilowatt hours for th&1/VV Geo Arcticwere 5,727,456 kW-hrs. The emission factor for
NOx is 9.8 g/kW-hr.

E =5,727,456 x 9.8 x 0.00000110231
E =61.9tons

Support helicopters visit survey vessels to delstgrplies and transfer personnel. Emissions for
the helicopter LTOs at airports are included indhshore emissions inventory (Section Il of
this report). To estimate the cruise portion betwine airport and the survey vessel, the
helicopters were assumed to fly from the airpoth®survey vessels three times per week at a
cruise speed was 100 mph. Therefore, the totditfligurs per season was calculated to be
174.86 hours. ERG assumed the helicopter was askRk&H-60 Sea Hawk. Engine load factors
specific for cruising operations of a Sea Hawk westidentified; therefore, the takeoff mode
emission factors (100 percent load) were adjusié&@Dtpercent load to represent cruising engine
load conditions, providing a conservative valueikinto an equivalent turboprop engine
(SDMC, 2014).

Activity and emissions from survey vessel operaiomre spatially assigned to the anticipated
route that the survey vessel and support boatsdiolibw (Figure 11-4), as provided in the EA.
Support helicopter activity and emissions were alssigned based on the survey operations map
included in the EA.
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North Slope

Esri, DeLorme, GEBCO, NOAA NGDC, and other contributors

Figure II-4. 2012 Survey Vessel Activities
Data Source: BOEM, 2012b

The accuracy of the survey vessel estimates isndigpe upon the engine load conditions that
can vary from less than 10 percent for at-seagdin90 percent while towing the array of
receptors (Wilson et al., 2014). Because detailrentpg data were not available, a high-end
load factor of 90 percent was assumed.

2. Exploratory Drilling

Exploratory drilling rigs are placed in locations
identified by seismic surveys that have a high
potential of yielding oil or gas. Geologists
implement exploratory drilling to obtain core
samples from geologic formations under the seab
that are analyzed for hydrocarbon content. For thi
emissions inventory, exploratory drilling is Figure II-5. Typical Jackup Rig
expected to occur in relatively shallow water. As  Online image from Yellow & Finch Publishers.
such, there is a wide range of drilling rigs thabc ~ Ntte//www.ynfpublishers.com/2014/06/jack-
be used. For example, drillships such as\thble vessel-bold-term-now-assisting-rotor-star-

; e i o installation (Accessed December 2, 2014.)
Discovererhave drilling equipment built in. These
vessels are self-propelled, faster, and more mamabie than other drilling vessels. Another
type is a “jackup,” a rig that is built on hullsathcan be moved from location to location (Figure
11-5). Jackups can either be self-propelled or g other vessels. Once at the drilling site,
they have movable self-elevating legs that secweelatform to the seabed and lift the top deck
to a safe and appropriate height. Jackups are endhiling units that are considered to be very
stable and can easily be modified or updated faréuapplications (Rigzone, 2012).
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Drilling rigs generally include multiple emissioasurces such as mud pumps, generators, draw
works, compressors, and propulsion engines. Thisssons inventory includes estimates for all
emissions sources that typically operate on ardyillig off the coast of the North Slope, based
on data provided by BOEM and the exploratory drglplans submitted to BOEM by Shell Gulf
of Mexico Inc. (BOEM, 2011; Shell, 2001).

In addition to drilling rigs, other vessels supparitling activities in the Arctic, including:

Anchor handling vessels.

Crew boats.

Icebreakers.

Oil spill response (OSR) vessels.
Supply vessels.

Support helicopters.
Tugs/towboats.

Wildlife monitoring aircratft.

Emissions were estimated for all vessels and dirtneolved in the 2012 drilling program off
the North Slope coast.

CAP and GHG pollutant emissions were estimatedopyyang emission factors to activity data.
Drilling activity was developed in the same unitslaerived from the vessel's maximum power
ratings, hours of operation, and appropriate l@atofrs. HAP speciation profiles were applied to
PM emissions for metallic HAP and VOC emissionsdaoyanic HAP.

Based on the Exploration Plan submitted to BOEMshgll (Shell, 2011) and a report submitted
to DOI by Shell (DOI, 2013), ERG compiled vessad aapport fleet information, including
engine characteristics (kW power rating) and edech&ours of operation for operations in the
Beaufort and Chukchi Seas. More information wawidex for the Chukchi drilling operations
than the Beaufort drilling operations; thereforéew data were missing for Beaufort,
information from the Chukchi permit was used to §tp

The permits not only included kW ratings for theas& and associated support fleet, they also
included estimated number of days at sea and dstihmurs of operation per day. Though the
permits indicated a drilling period of 120 days, IBX@mmarized 2012 drilling activities on the
North Slope including actual start and end dategnath operations were completed for each rig.
The actual operating days were multiplied by thereged hours of operation per day to obtain
total hours of operation.

Marine vessel engine loads varied depending upatyite of operation; the load factors used

are listed in Tables A-1 and A-2 of Appendix A (¥dh et al., 2014). Drilling activity was
calculated as follows:

kW-hrs = kW x LF x hrs
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where:
kW = Vessel power rating (kilowatts)
LF = Load factor (%)
hrs = Hours of operation

Example Calculation:

Total hours of operation for thi@iscovererfor 2012 were 1,272 for propulsion. The vessel
power rating is 13,288 kW and the load factor ipé€cent.

kW-hrs = 13,288 x 0.60 x 1,272
kW-hrs = 10,141,397

Emissions were estimated by applying emission fadactivity data for 2012 using the
equation shown below. Tables A-3 and A-4 of Apprmiists the emission factors for the
Chukchi and Beaufort drilling sites, respectivehgalable A-5 lists the HAP speciation profiles.

EM = kW-hrs x EF x CF

where:
EM = Emissions (tons/yr)
kW-hrs = Activity data (kilowatt-hours)
EF = Emissions factor (g/kwW-hr)
CF = Grams to tons conversion factor

Example Calculation:

Total kW-hrs for theDiscovererfor 2012 were 10,141,397 kW-hrs for propulsione Bmission
factor for NQ is 9.8 g/kW-hr and the conversion factor is 0.0@?31 g/tons.

EM = 10,141,397 x 9.8 x 0.00000110231
EM = 109.55 tons of NQ

In addition to marine vessels, drilling operati@so include helicopters and airplanes. The
helicopters are used for personnel and equipmansfiers and the aircraft are used for wildlife
monitoring. Emissions were associated with the L&Ohe airport (which are included in the
onshore emission estimates in Section Il of taort), the LTOs at the drilling vessels (for
helicopters only — airplanes used in wildlife monihg did not land on the drilling vessels), and
the cruise portion between the airports and dglilessels. For exploratory drilling, the aircraft
and helicopter types used were a Saab 340B arkbasBy SH-60 Sea Hawk, respectively. For
the Beaufort site, the helicopters flew from DeadkAirport. For the Chukchi site, the
airplanes and helicopters flew from Barrow Airpand Wainwright Airport.

In the Chukchi Sea, the helicopters flew 12 rouipta week from Barrow Airport to the
drilling sites at an assumed duration of three sqar trip. Aircraft flew four times a week
between Wainwright Airport and Barrow Airport (Sh&011). The Saab 340B flies at a speed
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of 290 miles per hour (mph). The distance betwlertwo airports is 86.66 miles based on the
Geographic Information System (GIS) data. At Deag@d\irport, helicopters flew 12 round

trips per week at three hours per trip based ompelata; aircraft flew 7 times a week at 6 hours
a trip for wildlife monitoring for the duration ahe drilling season. In 2012, the drilling seasons
were 53 days for the Chukchi Sea and 29 days éoB#aufort Sea (DOI, 2013).

Table 1I-3 summarizes the calculated activity degsociated with aircraft and helicopter support
using assumptions listed in the Shell ExploratitanRor Chukchi Sea and the BOEM
Environmental Assessment for the Beaufort Sea itigniwea (Shell, 2011; BOEM, 2011).

Table 11-3. Calculated Offshore Drilling-Related Aviation Activity

Site Source Activity Aﬁ'nvi'tty Location
Deadhorse tDevelopmen
Drilling-wildlife monitor aircraft 174 | hours Site B3
Beaufort 29| LTO Deadhorse Airport
Sea Deadhorse tDevelopmen
Drilling-helicopter 149 | hours Site B3
50| LTO Beaufort-Drilling
Drilling-wildlife monitor aircraft 18 | hours Wainwright to Barrow
Chukchi Barrow toDevelopment Sit
Sea Drilling-helicopter 273 | hours | C1
91| LTO Chukchi-Drilling

Sources: Shell, 2011; BOEM, 2011

The accuracy of the estimates is dependent upooptkating hours and load factors of the
individual pieces of equipment used in the drillmgeration. Estimated operating hours were
provided in the permit; more precise estimatesctbel developed if actual hours and load data
were available.

Emissions for drilling rigs, ice-breakers, anchandiling tugs, and oil spill response vessels were
spatially assigned to the lease block where thigigobccurred. Supply vessel emissions were
assigned to the shipping route segment betweedrillieg rig and the nearest port. Helicopter
and aircraft emissions were assigned to the fipgih segment between the drilling rig and local
supply airport.

B. Non-Oil/Gas Related Sources
1. Commercial Marine Vessels

Cargo and supplies that are too heavy to be shifpdw North Slope communities on aircraft
are transported via commercial marine vessels (CMYis cargo includes equipment and
supplies for the oil and gas industry as well asmmercial products for North Slope
communities. These shipments occur during the e@ar period when navigation is possible
(generally, July through October). Because porthénNorth Slope are relatively shallow, the
CMV fleet comprises shallow draft vessels or tugd barges.
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The CMV activity data were defined in terms of k\&land derived from the vessel power
rating, hours of operation, and appropriate loatioiss. Automatic ldentification System (AIS)
data for July through October 2012 were obtainethfthe Marine Exchange of Alaska (MEA)

for 7 North Slope ports:

Barrow

Cape Lisburne

Kaktovik

Point Hope

Point Lay

Prudhoe Bay
Wainwright

The dataset was designed to include a single rdooehch vessel and each trip in or out of the
selected ports. The resulting dataset includedindi8idual records associated with 29 unique

vessels as shown in Table 11-4.

Table 11-4. Compilation of 2012 Commercial Marine \essels Operating in the North Slope

'\é'\éldsé | dentifiégt%n Code Vessel Name Radio Call Sign Ship Type
22716174 POLARIS 1 FAA8347 Dredgin¢
22716178 POLARIS IV FAA834¢ SAR
22716179 POLARIS - FAA835(C Dredgin¢
22716295 RESOLUTION FAA8467 Pleasur
22766464 CORIOLIS 1¢ FGEG672! Pleasur
33811771 N2 TENDEF Reserve
36619700 NUNANIQ WRC204¢ Othel
36662214 MAIA H WY X2079 Towing long/widt
36688882 KAVIK RIVER WBN503¢ Tug
36688891 | 910783 SIKU WCQ617: Towing long/wide
36688893 | 886788: PT. THOMPSO?! WBM509z Towing
36688935 SAG RIVEF WBN207E Tug
36689844 N/A
36689844 ARCTIC HAWK WDB444: Pilot
36698175 ARCTIC SEAL WCP417- Cargc
36701408 FISH HAWK WDF299¢ Towing
36710856 | 803064 BRISTOLEXPLOREF | WCZ901( N/A
36717627 | 790812: NORSEMANII WDD668¢ Undefinec
36718267 HOOK POINT WDD715¢ Fishinc
36730583 ARCTIC SKIMMER 1 | WDD9011 Pilot
36730928 | 782690 NOKEA WDD927¢ Tug
36730933 | 711428t PACIFIC RAVEN WDD927¢ Towing long/widt
36730939 | 704770 PACIFIC FREEDON | WDD928: Tug
36739911 | 950249: SESOF WDE789¢ Tug
36739917 | 950248 NACHIK WDE790¢ Towing
36743822 GRETA WDF329¢ Othel
36749400 | 712770 AQUILA WCS694: Reserve
36996000 | 67109200 FA280¢ FA280¢ Othel
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Table 11-4. Compilation of 2012 Commercial Marine \essels Operating in the North Slope

(Continued)
MMSI IMO : . .
Code Identification Code Vessel Name Radio Call Sign| Ship Type
36996000 | 67109200 FA280¢ FA280¢ N/A
50353690 TELEPOR1 Pleasur

MMSI = Maritime Mobile Servicddentificatior
IMO = International Maritime Organization

Source: MEA, 2014

The dataset was modified to remove vessels natded in this effort (i.e., pleasure craft) and to
remove records that had too many missing data elesnte be useful in this study. In port and at
sea hours of operation both were calculated basetdeodate/time stamps within the AIS data.

Vessel power ratings were obtained for most vegsais IHS (IHS, 2013). When the vessel was
not available in the IHS database, average vebsehcteristics data from other similar vessels

was used for gap filling the vessel power ratiigso of the vessels that that did not have vessel
characteristics listed in the IHS database weraioétd from the manufacturers. The Nunaniq

and the Polaris 1 and 2 had power ratings of 1FE2@@Nichols, 2014) and 5,112 kW (SBI,
2012), respectively.

For this inventory effort, it was assumed thatltdaal factor was 83 percent at sea and 10 percent
in port (ANL, 2013). The CMV activity was calculatas follows:

kW-hrs = kW x LF x hrs

where:

kW = Vessel power rating (kilowatt)

LF = Load facto

r (%)

hrs = Adjusted number of operating hours for eaetsel

Table 1I-5 summarizes the calculate CMV activityada

Table 1I-5. Summary of Commercial Marine Vessel Adwity

Mode MMSI Vessel Name g;eurras"tigfw EF?z?tlirrlz '(DISJVV;E ' KW -hrs
At Sea 366898440 ARCTIC HAWK 83 1,152 79,385
At Sea 366981750 ARCTIC SEAL 721 586 320,758
At Sea 369960004 FA2808 2 1,152 1,912
At Sea 367438220 GRETA 580 1,195 541,%75
At Sea 367182670 HOOK POINT 1,175 1,152 1,123,113
At Sea 366888820 KAVIK RIVER 363 804 242,287
At Sea 366622140 MAIA H 159 1,133 149,5p2
At Sea 367399170 NACHIK 541 1,002 449,928
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Table 1I-5. Summary of Commercial Marine Vessel Adwity (Continued)

Mode MMSI Vessel Name (l)-feurrastigfn EF?agtliEZ TISJVV;a ' kW -hrs

At Sea 366197000 NUNANIQ 773 895 574,10
At Sea 367309390 PACIFIC FREEDOM 2 2,206 3,662
At Sea 367309330 PACIFIC RAVEN 6 2,206 10,986
At Sea 227161740 POLARIS 1 1,163 5,112 4,934,562
At Sea 227161790 POLARIS 2 1,149 5,112 4,875161
At Sea 366889350 | SAG RIVER 876 804 584,572
At Sea 367399110 | SESOK 734 1,002 610,138
At Sea 366888910 | SIKU 383 932 296,273
In Port 366898440 | ARCTIC HAWK 2,008 1,152 231,244
In Port 366981750 | ARCTIC SEAL 266 536 14,258
In Port 367305830 | ARCTIC SKIMMER 1 22 1,152 2,934
In Port 367108560 BRISTOL EXPLORER 7 1,664 1,158
In Port 369960001 FA2805 3 1,152 345
In Port 369960004 FA2808 I 1,152 8,922
In Port 367014080 FISH HAWK v 942 7,2%3
In Port 367438220 | GRETA 539 1,125 60,638
In Port 367182670 HOOK POINT 134 1,152 15,432
In Port 366888820 KAVIK RIVER 2,354 804 189,22
In Port 366622140 MAIA H 502 1,133 56,877
In Port 367399170 NACHIK 1,059 1,002 106,112
In Port 367176270 NORSEMANII L 625 43
In Port 366197000 NUNANIQ 431 895 38,58
In Port 367309330 PACIFIC RAVEN 5 2,206 1,1p3
In Port 227161740 POLARIS 1 60 5,112 30,472
In Port 227161790 POLARIS 2 91 5,112 46,419
In Port 366889350 | SAG RIVER 887 804 71,315
In Port 367399110 | SESOK 1,192 1,002 119,438
In Port 366888910 | SIKU 326 932 30,383

Sources: MEA, 2014, IHS, 2013

Example Calculation:

Total hours of operation for the vessel NACHIK @12 at Port Barrow was 963. The vessel
power rating was 1,002 kW, and the load factor Wapercent.

kW-hrs = 1,002 x 0.1 x 963
kW-hrs = 96,492.6
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These activity data were applied to the GREET neavassel emission factors listed below. The
emission factors were based off the Category 2 Mi¢actors from the GREET model (ANL,
2013). The base emission factors, which were use@K¥Vs not associated with the oil and gas
industry directly, were the least stringent andeldasn a marine distillate fuel with a sulfur
concentration of 5,000 ppm. Table 1I-6 lists thigecra and GHG emission factors applied to the
CMV activity data. HAP emissions were estimatedapplying the speciation profiles provided
in Appendix A Table A-5 to the PM and VOC emiss&stimates.

Table 1I-6. CMV Criteria Pollutant Emission Factors (g/kW-hr)

Pollutant Emission Factor (g/kW-hr)
NO 9.¢
VOC 0.t
CQO 1.1
SG, 1.984385
PM;¢ 0.3103506
PM,e 0.2703506
CG, 646.0¢
CH, 0.00¢
N,O 0.03!
NH; 0.00¢
Pt 0.0000!

Source: ANI, 2013
Marine vessel emissions were calculated usingdt@ifing equation:
E = kW-hrs x EF x CF
where:
E = Emissions (tons)
kW-hrs = Annual activity data (kilowatt-hours)
EF = Emission factor (g/kW-hr)
CF = Conversion factor (g = 1.10231 1@n)

Example Calculation:

Total kW-hrs for NACHIK at Port Barrow for 2012 w=96,492.6 kW-hrs. The emission factor
for NOy is 9.8 g/kW-hr.

E =1,424,683 x 9.8 x 0.00000110231
E =1.04 tons

CMV emissions were spatially allocated to the cdvshipping lanes noted in Figure 11-6,
associated with the AIS location data.

Note that the accuracy of the emissions estimate€fV is dependent upon the completeness
of the AIS vessel activity data that ERG obtainehf the Marine Exchange of Alaska.
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Figure II-6. U.S. Army Corps of Engineers ShippingLanes and Development Sites (C1, C2,

B1, B2, B3, and B4) off the North Slope
Data Source: USACE, 2014

2. Research Vessels

Several organizations, such as the Arctic CouhtH. Geological Survey (USGS), and the
National Oceanic and Atmospheric Administration (NX), operate research vessels off the
North Slope coast to implement oceanographic rekesmd monitor changes in fish and
mammal populations. Research vessels that operéte iArctic are very heavy vessels
specifically designed for Arctic operations or mbighed fishing vessels capable of withstanding
extreme conditions chartered from private compariibsse vessels are equipped with
Category 2 or 3 propulsion engines and Categonyxiliary engines.

Emissions were estimated by applying diesel mamession factors and HAP speciation
profiles to activity data for 2012.

The research vessel activity data were definedrimg of KW-hrs derived from the vessel power
rating, hours of operation, and appropriate loatofs (U.S. EPA, 2009c¢). Internet searches
were conducted to identify research projects actin@D12. The United States Coast Guard
(USCG) provided the most comprehensive list ofgety that occurred in the Beaufort and
Chukchi Seas in 2012 (USCG, 2012). The USCG dataded vessel names, start and end
dates, and location of each project (Table 11-7).
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Table II-7. Summary of 2012 Research Projects

Vesse Start Date End Date Location
R/V Louis S St. Laure 8/3/201: 9/8/201: | Beaufort Sea and Canada bi
R/V Mirai 9/16/201. 10/16/201: | Chukchi Sea samplit
R/V Sir Wilfrid Laurier 7/4/201: 7/22/201. | Victoria-Barrow
R/V Sir Wilfrid Laurier 9/25/201. 10/4/201. | Beaufort Se
USCGC Healy 8/9/201: 8/11/201. | Transit north tcChukchi Se
USCGC Heal 8/12/201. 8/24/201. | BOEM COMIDA Hanna Sho
USCGC Heal 8/25/201. 8/25/201. | Offshore Barrow
USCGC Heal 8/26/201. 9/23/201. | Extended Continental Shelf (EC
USCGC Heal 10/5/201. 10/8/201. | Transit to North Slope Mooring Missi
USCGC Heal 10/9/201. 10/21/201: | North Slope Moorinc

Source: USCG, 20:

The four vessels identified for the 2012 researdiepts in the Arctic were the/V Louis S St.
Laurent R/V Mirai, R/V Sir Wilfrid LaurierandUSCGC Healy

TheR/V Louis S St. Laurerig a Canadian-flagged Arctic Class 4 heavy icakee (CCG,
2014a). This vessel has a cruising speed of 16kamad a maximum speed of 20 knots. It is
equipped with five Krupp Makk 16M453C engines, wathotal power rating of 23,170 kW
(IHS, 2013).

TheR/V Mirai is a Japanese-flagged ship capable of long-tesargational studies, ocean-
based research, and geophysical surveys. It hassing speed of approximately 16 knots. The
R/V Miraiis equipped with five diesel engines, with a povaing of 1,839 kW per engine
(IHS, 2013), providing a total power of 7,356 kW.

The CCGS Sir Wilfrid Laurieiis a Canadian-flagged, Arctic Class 2 high-endwanaltitasked
vessel (CCG, 2014b). It has a cruising speed d&inbis and a maximum speed of 15.5 knots.
The CCGS Sir Wilfrid Laurielis equipped with three Alco 251F engines, witbtaltpower
rating of 7,833 kW (IHS, 2013).

TheUSCGC Healys an ice breaker specializing in research supgpguolar regions (USCG,
2013; USCG, 2014}t has a cruising speed of 12.5 knots and a maxispeeed of 17 knots. The
USCGC Healys equipped with four Sultzer 12Z AU40S engineshwa power rating of

7,812 kW per engine, providing a total power of2Z3B kW (IHS, 2013).

To estimate emissions, it was assumed that eaehrnasvessel operated 24 hours per day
during the duration of each project. Assuming nad&ach vessel’s time was spent maneuvering
at sea, a load factor of 60 percent was used. Réseassel activity was calculated as follows:

kW-hrs = kW x LF x hrs

where:
kW = Vessel power rating (kilowatts)
LF = Load factor (%)
hrs = Adjusted number of operating hours for eaetsel
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Example Calculation:

Total hours of operation for théSCGC Healyn 2012 were 1,512. The vessel power rating is
31,248 kW and the load factor is 60 percent.

kW-hrs = 31,248 x 0.60 x 1,512
kW-hrs = 28,348,186

Table II-7 summarizes the research vessel actilatg.

Table 11-8. 2012 Research Vessel Activity Data

Vessel Name kW -hours
R/V Louis S St. Laurent 12,011,328
R/V Mirai 3,177,792
R/V Sir Wilfrid Laurier 3,045,470
USCGC Healy 28,348,186
Total 46,582,776

Source: USCG, 2012

These activity data were applied to the GREET Vemséssion factors (see Table 11-2, above)
and HAP speciation profiles listed in Appendix Agble A-5. The emissions factors used for
Arctic research assumed that these vessels usdalirsulfur fuels (ULSD, 15 ppm), similar to
that used by offshore oil and gas vessels.

Marine vessel emissions were calculated usingdt@ifing equation:
E = kW-hrs x EF x CF

where:
E = Emissions (tons)
kW-hrs = Annual activity data (kilowatt-hours)
EF = Emission factor (g/kW-hrs)
CF = Conversion factor (g = 1.10231 x®11@n)

Example Calculation:

Total KW-hrs forUSCGC Healyn 2012 were 28,348,186 kW-hrs. The emission faittoNOy
is 9.8 g/kW-hr.

E = 28,348,186 x 9.8 x 0.00000110231
E = 306 tons
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Because research vessels do not necessarily opdoageexisting shipping lanes, their
emissions were spatially allocated to zones th&neix300 miles from the coast of the North
Slope.
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[ll. DEVELOPMENT OF ONSHORE EMISSIONS INVENTORY

This section describes the methods and data usestitoate baseline emissions from all onshore
sources and activities located within the Northp8loil and gas fields, as well as those located
in the eight villages and elsewhere on the Nortp&l(e.g., airports, TAPS, non-oil and gas
related stationary and mobile sources). The spepdllutants that were estimated for each
source are listed in Table I-1.

A. Oil/Gas Related Sources

This section describes the methods and data usestitoate emissions for sources located in the
onshore oil and gas fields on the North Slope. EBimmssources include devices and activities
associated with both oil and gas exploration amdipction.

1. Seismic Survey Equipment

Prior to conducting exploratory drilling, oil anégcompanies will typically conduct geological
and geophysical (G&G) explorations. These compani#sise seismic survey equipment if
these exploratory activities occur on sea ice olaad.

Since 1998, BOEM has issued 12 on-ice G&G perrhasyever, of these 12 permits, 8 were
cancelled before the G&G work was performed. Acowydo the BOEM on-ice G&G permits,
no on-ice G&G work was conducted in 2012.

Information regarding land-based G&G permits cawdd be obtained from the Alaska
Department of Oil & Gas, so it is not clear whetary land-based G&G work was conducted in
2012. Given this uncertainty, ERG assumed that@&é& project occurred in 2012 that was
similar in scope and size to the most recent a&&& permit, which included both ice- and
land-based activities (BOEM, 2014a). The permitassd operation of 12 vibroseis vehicles
(i.e., “thumper trucks”), in addition to varioushet support equipment (e.g., long-haul fuel
tractors, remote fuelers, water makers, incinesat@supply and survival sleighs, tractors,
loaders). A total of 477,000 gallons of ultra-lowfar diesel (ULSD) fuel (4,500 gallons for 106
days) was assumed to be used. As in the BOEM G&@ipeemissions were estimated by
combining the ULSD quantity of 477,000 gallons witRA WebFIRE emission factors (U.S.
EPA, 2013a).

2. Exploratory Drilling
Emissions from onshore oil and gas exploratoryidglare generated when fuel used in the
drilling rig engines, heaters, and boilers usedhendrill rig is combusted and from fluid
flowback during well completion. Emissions for eaftthese processes were estimated
separately as described below.

a. Drilling Rig Combustion Emissions

Emissions from fuel combustion from onshore oil gad exploratory drilling rigs are generated
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as diesel fuel is burned in drilling rig enginesaters, and boilers. ADEC covers drilling rigs in
their permitting programs, and air emissions datalfe North Slope drilling rig fleet are
available through air permit applications and pé&smihere are two primary permits that cover
the North Slope drilling fleet: ConocoPhillips’ Kapuk Transportable Drilling Rigs permit
(ADEC Permit # AQ0909TVPO01) and BPXA’s Transpor&birilling Rigs permit (ADEC
Permit # AQ0455TVPO01). These permits list specifis and drilling companies permitted to
operate on the North Slope, and in many casesatme rigs are listed in both permits.

In addition to data available in air permits andnpie applications, GHG emissions from drilling
rigs are reported under subpart W of EPA’s Greesédbas Reporting Program (GHGRP).

Four GHGRP facilities (as defined under 40 CFR B&rtsubpart W) produce nearly 99 percent
of crude oil from the North Slope: Badami DevelomiEacility; BP Alaska, 890 — Arctic Slope
Basin; ConocoPhillips Alaska, Inc. — KRU-ALP Fieldsd Nikaitchug Development (see
Appendix A, Table A-9). Therefore, the GHG emissions from drilling riggées, heaters, and
boilers from these four facilities are considerethplete estimates of emissions of GHG
pollutants. To estimate emissions of CAP and HABhdCoPhillips’ Title V renewal application
for the Kuparuk Transportable Drilling Rigs permas reviewed. This permit application
contains potential emissions estimates for,GCH,, N.O, CAP, and HAP, allowing for a direct
comparison to the reported GHGRP actual emissiatesfdr the three GHG pollutants. This
comparison showed that reported emissions of edetlEHG pollutants for the entire North
Slope were approximately one-half (in the case ©$,&1.18 percent) of the potential emissions
listed in the Kuparuk application. Therefore, t@eatual emissions across the North Slope for the
other pollutants listed in the application (comibustgenerated CAP and 16 individual HAP)
were estimated to be 51.18 percent of the potestgsions of the Kuparuk permit application.

Drilling rig emissions were estimated as follows:

Emission of NQ from drilling are calculated based on the potéitia, emissions listed in the
Kuparuk application multiplied by the ratio of aattio potential emissions of G@s found in
the GHGRP subpart W data and the Kuparuk permiicatipn data as follows:

NOy-actual = NQ-potential x 0.5118

where:
NOy-actual = estimated NCGemissions (tons/yr)
NOx-potential = potential NQemissions from the Kuparuk application = 2,71 hgtgr)
0.5118 = the ratio of actual emissions of G€ported under subpart W for the North
Slope to the potential emissions of £m the Kuparuk permit application

Example Calculation:

NOy-actual = 2,711 (ton/yr) x 0.5118 = 1,388 (ton/yr)

2 Source: Alaska Oil and Gas Conservation Commission:
http://doa.alaska.gov/ogc/production/ProdArchivastpiveindex.html.
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b. Well Completions

ERG developed well completion emission estimat@gusformation contained in the Kuparuk
Transportable Drilling Rigs permit application. $ipermit application contains emission
estimates for 30 well completions for VOC, £CH,, and six HAP (2,2,4-trimethlypentane,
benzene, ethylbenzene, n-hexane, toluene, andejyl€he estimates are based on the total
amount of oil assumed to flowback during one wethpletion, the gas-to-oil ratio (GOR) of the
oil, the flowback lift gas volume, and typical flagas composition data.

Available data indicate that in 2011, 86 wells weoenpleted on the North Slope (U.S. EPA,
2013c). Therefore, total emissions of VOC, £OH,;, and HAP from North Slope well
completions were estimated by multiplying the eatis contained in the Kuparuk permit
application by the ratio of total North Slope wadimpletions to the Kuparuk well completions
(86/30 = 2.87). K5 estimates are based on an assumé&dckncentration of 30 parts per million
by volume (ppmv) in the flash gas, based on a t§cproposed permit for the North Slope
liquefied natural gas facility (ADEC Permit #AQ1349S01).

Example Calculation:

Emissions of benzene from well completions are dasethe potential benzene emissions listed
in the Kuparuk application multiplied by the ratibthe total number of North Slope well
completions (86) to the number of well completiassessed in the Kuparuk permit (30):

benzene-actual = benzene-potential x (86/30)

where:
benzene-actual = estimated benzene emissionsytpns/
benzene-potential = potential benzene emissioms the Kuparuk application = 1.3
(tonsl/yr)
(86/30) = the ratio of the total number of Nortlo|& well completions to the number of
well completions assessed in the Kuparuk permit

Therefore:

benzene-actual = 1.3 (ton/yr) x (86/30)
benzene-actual = 3.73 (ton/yr)

Table A-10 (in Appendix A) provides the emissiostiraated for well completions using this
methodology.

The accuracy of the drilling rig emissions are etéel by the fact that, historically, the large
drilling rig engines have been treated as nonrogthes and have not been subject to annual (or
triennial) emission reporting requirements. Therefalrilling rig emissions are not included in
the U.S. NEI. However, as described above, GHG saoms from drilling are well characterized
under GHGRP subpart W and formed the basis of &kie¢ @&hd HAP estimates as described
above in Section Ill.A.2.a. ADEC is in the proce$senewing the Title V transportable drilling
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rig permits for BP and ConocoPhillips. It is exptthat the Title V renewal permits will be

issued in the near future and these may requiresgmnis submittals in March 2015. These data

may be useful for updating future versions of #msssions inventory.

3. Oil and Gas Production

Onshore oil and gas production on the North Slaqmeis along a 100-mile-by-40-mile span of

coastline near Prudhoe Bay. In 2012, this areaymed nearly 200,000,000 barrels of crude oil.

Natural gas produced from North Slope wells is jarifg reinjected back into the reservoir to
maintain pressure to facilitate oil production,wstome used to fuel various oil and gas
exploration and production equipment such as cosspreengines. Additionally, there are two
small topping plants (refineries) that refine atjpor of the crude oil to produce Jet-A, diesel
fuels, and Arctic heating fuel (AHF) for use in therth Slope oil fields.

There are approximately 120 well pads located erNbrth Slope, which are serviced by 14

onshore and three offshore production facilitiesgted on man-made islands). These production

facilities and their 2012 crude oil production ah®wn in Table I11-1.

Table IlI-1. North Slope Production Facilities

. ADEC Permit 2012 Crude Oill

o Ry NS Number Production (BBL)?
ConocoPhillip Alpine Central Processing Facil AQO0489TVPO: 25,852,79
Savant Alaska LL Badami Development Facilil AQO0417TVPO: 477,56(
BPXA Endicott Production Facili AQO0181TVPO: 3,156,40!
BPXA Flow Station #1 (FS AQO0167TVPO.
BPXA Flow Station #2 (FS . AQ0268TVPO!
BPXA Flow Station #3 (FS AQO0269TVPO! 93.482. 423
BPXA Gathering Center #1 (GC AQO0182TVPO: S
BPXA Gathering Center #2 (GC AQO0183TVPO:
BPXA GatherincCenter #3 (GC . AQO0184TVPO:
ConocoPhillips Kuparuk Central Production Facility #1 (CP | AQ0267TVPO: 41.263.040
ConocoPhillips Kuparuk Central Production Facility #2 (CP | AQ0273TVPO: e
ConocoPhillips Kuparuk Central Production Facility #3 (CP | AQ0171TVPO:
BPXA Lisburne Production Cent AQO0272TVPO: 9,163,35:
BPXA Milne Point Production Facili AQO0200TVPO: 6,401,64:
Eni Nikaitchug Developme! AQ0923TVPO: 3,041,40
BPXA Northstar Production Facili AQO503TVPO: 3,030,45;
Caelus Energy LL' | Oooguruk Development Proj AQO0911TVPO: 2,508,25

@ Source: Alaska Oil and Gas Conservation Commis:
http://doa.alaska.gov/ogc/production/ProdArchivastpiveindex.html(Accessed August 26, 2014.)

Figure I11-1 shows the location of the 17 North @groduction facilities and the approximate
production area covered by each facility.
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Nikaitchug
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Mine Point
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GC3 FS 4.
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Figure 1lI-1. North Slope Production Facilities
Online image from Google Mapisttps://www.google.com/mapéAccessed September 22, 2014.)

Each production facility receives three-phase @&k, and water) production fluids from the
surrounding well pads, separates the fluid int@erail, gas, and water, and delivers the crude
oil downstream to the TAPS Pump Station #1. Asdesd above, a portion of the gas and oil is
used to fuel equipment operated in the North Stpkelds. As with the majority of the gas
produced from these wells, the separated watdsasrainjected into the reservoir. Figure 111-2
shows ConocoPhillips’ CPF2 facility and seven & well pads it services.

Figure 1lI-2. Conoco’s CPF2 and Associated Well Pasl
Online image from Google Mapisttps://www.google.com/mapéAccessed September 22, 2014.)
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Under the “wagon wheel” permitting model used by ADEC to permit North Slope oil and gas
sources, a “facility” for permitting purposes i©hadly defined as a single production plant (hub)
and the surrounding well pads (spokes) that defier materials which consist of wellhead
fluids consisting of crude oil, water, and gashe production plant for processing. This
approach results in nearly complete permitting cage of all emission sources between, and
including, the well pads and the production fai@ét In the case of ConocoPhillips’ CPF2, there
are 16 well pads covered under the Title V perAstdescribed below, this permitting model
proved especially useful in developing the onsludrand gas emissions inventory. Figure I111-3
shows BPXA'’s Gathering Center #2 (GC2) productmxcility.

Figure 11I-3. BP Gathering Center #2
Image from ConocoPhillipgrctic Energy for Today and Tomorropril, 2006.
http://alaska.conocophillips.com/Documents/Arctieyy. pdf

Figure 111-4 shows a typical North Slope well padthis case consisting of 16 individual wells,
half of which may be production wells and the ramar either gas or water reinjection wells.
Each wellhead is enclosed within a small sheltepfotection from the elements. Production
fluids from each well are commingled in the mardfblilding (orange rectangular building)
before being sent via feeder pipelines to the prbo facility. There is no processing or
separation activity on the well pad, with the exe@apof heaters, which are used on some well
pads to heat the three-phase fluid to facilitades/flownstream to the production facility.

In addition to the main production facilities andr®unding well pads, there are numerous other
oil and gas production support facilities and opers located on the North Slope. A brief
description of the primary production support fities is provided below.

Base Operations Center (BOC) The BP Exploration Alaska (BPXA) BOC is a compid
aboveground structures that contains living quaytadfices, shops, recreation areas, and other
types of support facilities for the personnel wharkvat BPXA’s many facilities on the North
Slope. Power is supplied to the BOC from the Céitoaver Station (CPS), and three standby
generators provide electrical power should primelegtrical service be lost. Liquid fuel for the
generators and two emergency fire pump enginesoiaded by the Crude Oil Topping Unit
(COTU), described below.

NERG I
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Figure IlI-4. Typical North Slope Well Pad
Online image from Google Mapisttps://www.google.com/mapéAccessed September 22, 2014)

Central Compressor Plant (CCP)- The BPXA CCP (see Figure I11-5) receives parthef raw
gas separated from crude oil in the production htih& raw gas flows through the two CCP
inlet separators and then to the Central Gas Ba@iGF), where it is processed. The CCP then
receives processed low-molecular-weight gas froenQGF, pressurizes it, and distributes it to
nearby injection wells for ultimate disposal/staramderground.

P
ST e

R o ol i M Ml Wl i B L

Figure 11I-5. BP Central Compression Plant
Image from ConocoPhillip#laska Fact Sheet - November 204@&p://www.conocophillips.com/investor-
relations/fact-sheet-financial-data/Documents/PIMILS 392 FactSheet-Alaska.pdf
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Central Gas Facility (CGF) — The BPXA CGF receives low-pressure high-molaeuleight
gas from the production hubs, removes misciblectajat/natural gas liquids, pressurizes the
low-molecular-weight gas, and delivers it to thenttal Compressor Plant for redistribution to
production support facilities and nearby injectioealls.

Central Power Station (CPS) The CPS is jointly owned by BPXA, ConocoPhillpsska,
Inc., Chevron USA Inc., and ExxonMobil Corporatiamd is operated by BPXA. The CPS
produces all of the electric power for the PrudBag crude-oil-producing facilities. The source
consists of seven fuel gas-fired turbine generafous insignificant diesel-fired black start
engines, two diesel-fired emergency generatorsfiaadeaters used to heat fuel gas prior to
combustion in the turbines. The CPS receives étdas supply from the CGF.

Crude Oil Topping Unit (COTU) — The BPXA COTU is a small petroleum refinery that
produces Jet-A, diesel fuels, and AHF for the N&ftitpe equipment and drilling operations.
Diesel fuels, AHF and Jet-A are the only produbess€OTU produces for distribution. All of the
fuel produced by the COTU is used by equipmentteradithe Prudhoe Bay oil field. The COTU
currently receives crude oil for processing from Elow Station #2 oil transit line.

Grind and Inject Facility (BPXA) — The BPXA Grind and Inject Facility processesres pit
materials and other production wastes for injectiod disposal in a cretaceous well. A conveyor
feed system moves frozen drilling waste to a gngdiystem that thaws, grinds, and then slurries
the waste material. The waste material is then @manp a disposal well and injected down-hole.
Electricity for conveying and grinding operatiossprovided by the CPS.

Kuparuk Seawater Treatment Plant (STP)— The ConocoPhillips Kuparuk STP produces
water for water flooding of the oil reservoirs thghout the Kuparuk oil fields. Sea water is
pumped from the Beaufort Sea, filtered, heatedasiegd, and then pumped to the production
pads for injection to increase reservoir pressacestimulate oil production.

Kuparuk Unit Topping Plant — The ConocoPhillips Kuparuk Unit Topping Plantiésigned to
process pipeline-quality crude oil feedstock froen@al Processing Facility #1 (CPF1) into
liquid fuels for use in equipment in the drillingdaproduction operations. This feedstock is sent
through a distillation process to extract AHF, whis further processed to control the flashpoint
of the fuel before being transferred to a storagdify where users can take delivery. The plant
processes approximately 14,500 barrels per daguoliecoil feedstock, which yields 1,700 to
2,400 barrels per day of AHF, depending on speeifid-product requirements.

Nanug Inc. Arctic Wolf Camp — The Nanug Arctic Wolf Camp provides living quead for the
personnel who work on construction of the ExxonMi&aint Thompson production site.
(Future missions from the Point Thompson producsiba construction and operation are
addressed in Section IV of this report.)

Northstar Caribou Crossing Compressor Facility— The BPXA Northstar Caribou Crossing
Compressor Facility is used to compress gas froti the Western Operating Area and Eastern
Operating Area, collectively known as the Prudhag Bnit (PBU), and to provide high-
pressure gas to the offshore Northstar Productamilify.

RWERG -8



Arctic Air Quality Modeling Study-2012 Emissions In ventory and Future Year Projections

Prudhoe Bay Operations Center / Main Construction @mp (PBOC/MCC) — The

PBOC/MCC is jointly owned by BPXA, ConocoPhillipdagka, Inc., Chevron USA Inc., and
ExxonMobil Corporation, and is operated by BPXA.GRB provides billeting, dining, laundry,
and recreational facilities for up to 450 campdesis. The PBOC complex also includes
administrative offices, the communication centestev and wastewater treatment plants, an
emergency power generation facility, the fire statia vehicle repair shop, vehicle garages, and
the camp maintenance shop. MCC provides billetingng, laundry, and recreational facilities
for up to 675 camp residents. The complex alsades an infirmary, administrative offices for
engineering and engineering support services, ia &up, the Halon shop, the tool room, and
the electrical power plant.

Seawater Injection Plant East (SIPE)}- The BPXA Seawater Injection Plant East (SIPE)
receives low-pressure treated seawater from th@heriBay STP, heats and increases the
pressure of the seawater, and then distributesaker to the various drill sites for injection into
the various reservoirs.

Prudhoe Bay STP- The Prudhoe Bay STP is jointly owned by BPXAnGcoPhillips Alaska,
Inc., Chevron USA Inc., and ExxonMobil Corporatiamd is operated by BPXA. The STP
produces water for water flooding of the oil regary at Prudhoe Bay oil fields. Seawater is
pumped from the Beaufort Sea, strained and filtecbtbrinated, de-aerated to remove oxygen,
and then pumped to the SIPE. The fuel gas useligasfired equipment at the Prudhoe Bay
STP is supplied by the CGF.

a. Onshore Oil and Gas Production Emissions Inventory
Development

2011 Point Source National Emissions Inventory (NEBI

The starting point for onshore oil and gas producgmissions estimates was the point source
emissions data submitted by ADEC to the EPA forttleanial 2011 U.S. NEI (U.S. EPA,
2013b). The 2011 NEI includes the most completa datrently available for point source
emissions from facilities operating on the Nortb#, and includes estimates for 26 oil and gas
facilities and 43 CAP and HAP. ADEC receives anmralssions inventory submittals directly
from the operators of Title V facilities as requirender their permits.

Although ADEC has received 2012 emissions data fieaoperators of these point sources, the
reporting threshold for 2012 (and 2013) is muchhbighan for the 2011 reporting year, making
the 2012 ADEC inventory less complete. To illustrdor 2012, the threshold for reporting of
NOx was 2,500 tons/yr, whereas the reporting threstawl@011 was 100 tons/yr. Therefore, the
2011 NEI data are the most complete starting domthe Arctic AQ Modeling Study emissions
inventory of onshore oil and gas exploration aradpiction sources.

ERG considered how representative the NEI 2011 wata compared to data from operations in
2012. Given that North Slope crude oil productiecloshed by approximately 7 percent between
2011 and 2012 (EIA, 2013), using 2011 data woulr/iple a conservatively high estimate of
emissions for 2012. In addition, a review of ADE€ it data identified all sources currently in
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operation, and identified nine facilities that am included in the 2011 NEI data. Emission
estimates for these nine facilities were derivedescribed in more detail below.

Table I11-2 identifies the North Slope onshoreamld gas facilities reported as point sources in
the 2011 NEI (U.S. EPA, 2013b); the CAP emissidimeges for these facilities are located in
Appendix A (Table A-11).

Table IlI-2. Oil and Gas Point Source Facilities inthe 2011 NEI

Facility Name

Facility Name

Alpine Central Processing Facil

Kuparuk Central Production Facility #1 (CP

Badami Development Facility (formerly BPX

Kuparuk Central Production Facility #2 (CP

Base Operations Cen

Kuparuk Central Production Facility #3 (CP

Central Compressor Pl

Kuparuk Seawater Treatment P

Central Gas Facili

Lisburne Production Cents

Crude Oil Topping Un

Milne Point Production Facili

Endicott Production Facili

Nikaitchug Developme!

Flow Station #1 (FS

Northstar Production Facili

Flow Station #2 (FS

Oooguruk Development Projt

Flow Station #3 (F3)

PBU Central Power Stati

Gathering Center #1 (GC 1)

Prudhoe Bay Operations Center / M
Construction Camp

Gathering Center #2 (GC

Seawater Injection Plant E

Gathering Center #3 (GC

Seawater Treatment Plant, Prudhoe Bay Unit (

SourceU.S. EPA, 2013

ADEC Permits and Permit Applications

Although the 2011 NEI data are the most completst@murce emissions data available, the
2011 NEI does not include all facilities or smakgnission units located at covered facilities.

For example, the NEI does not include data for Title-V facilities. The NEI includes

emissions data for Title V facilities, but only fibve larger emission units such as the large
combustion turbines found at the production faesitand not for “insignificant emissions units”
(which would include smaller heaters, small emecgaangines, and small VOC sources such as
storage tanks) or “nonroad engines” such as pertgdaherator or light tower engines.

To address these two categories of missing uniR& Eonducted an analysis using the 2011
reported NEI data and the list of emission unitsfibin the ADEC air quality permits and

permit applications for a selected subset of theiNSlope sources (ADEC, 2013a). ERG
obtained permit documents (i.e., permits and bamkgp/supporting documents) for all 35
sources identified (i.e., the 26 NEI facilitiesdamne non-NEI facilities) and permit applications
from ADEC for 16 of the permitted Title V facilitse A detailed, pollutant-specific analysis of

the permits and permit application documents waslgoted to determine the percentage of total
facility assessable emissions subject to repottrttpe NEI. Emissions of VOC, NOCO, SQ,

and PMo were evaluated independently. (Estimation of offzdiutant emissions, including

PM, s, is discussed below.)
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In an ADEC permit, assessable emissions are cédculzsed on the source equipment’s
potential to emit (PTE), operating 8,760 hoursysar, or as limited by the perniifacility

permits typically provide only total facility assadle emissions, while permit applications
provide disaggregated potential emission estimatesignificant emission units, insignificant
emission units, and nonroad engines. This inforonat needed to determine permit level and to
assess permitting fees. In this analysis, totalitiaassessable emissions are assumed to be the
sum of potential emissions from significant emissimits, insignificant units, and nonroad
engines. Actual emissions are based on actual topgetane of the equipment and are typically
less than the total assessable emissions of aesddoevever, as described above, actual
emissions from insignificant emission units andnoaad engines are not reported to the NEL.

ERG estimated emissions for equipment at facilities did not report to the NEI (non-NEI
facilities) and for insignificant units and nonroaagines located at facilities that reported to the
NEI by analyzing emissions and equipment dataHersignificant emission units located at
those facilities. This analysis compared actuaksimns from significant emission units with
assessable emissions for significant emission,usitd was used to develop estimates for
insignificant emission units and nonroad enginesgudetailed information in permits and
permit applications.

This analysis showed that on average, of totalifp@issessable emissions, significant emission
units account for between 70 and 86 percent, iffgignt emission units account for between 1
and 6 percent, and nonroad engines account foreket® and 28 percent. However, there are a
few sources on the North Slope with numerous nahesgyines, and for these sources, the
potential emissions from nonroad engines can a¢doumvell over half of the total potential
emissions at any single facility, particularly #OC. For example, at the three Kuparuk
production facilities, there are over 250 nonroagliees that account for approximately 60
percent of the total facility potential VOC emigsso Table 111-3 summarizes the results of this
analysis.

Table I1I-3. Significant, Insignificant, and Nonroad Engine Emissions Analysis

. Average Percenage o Total Assessable Emissiol

Assessable Emissions Component VOC NO, co SO, PMoc
Significant Unit: 70 76 86 86 76
Insignificant Unit: 2 1 0.t 6 1
Nonroad Engine 28 23 14 8 23

Source: ER(

To develop actual emission estimates for the inggmt emission units and nonroad engines,
the ratio of actual-to-potential emissions for tf&gnificant emission units and nonroad engines
was assumed to be identical to the same ratidhéosignificant emission units at the facility. The
ratio of actual-to-potential emissions for the gigant emission units at the facility was
developed by comparing the 2011 NEI reported enmssfactual emissions) to the potential
emissions as reported in the permits or permitiepidns. This analysis showed that, for

% In this context, the terms “assessable emissiand™potential emissions” are identical. The teamsessable
emissions” comes from ADEC permit applications, #relterm “potential emissions” comes from the CAA.
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significant emission units subject to NEI reportitige average actual emissions were 38, 55, 41,
19, and 52 percent of potential VOC, N@O, SQ, and PMy emissions, respectively.

ERG conducted this analysis at the facility lewelthe 16 facilities for which detailed permit
application data were available. Actual emissiameges for insignificant units and nonroad
engines were calculated by multiplying the estimdte potential emissions from insignificant
emission units and nonroad engines, as recordin ipermit applications, by the ratio of actual-
to-potential emissions for the reported significanits. For the remainder of the facilities, the
percentages in Table I11-3 were used to developa&@AP emission estimates for insignificant
units and nonroad engines.

ERG developed actual emission estimates of HAPPaks from insignificant emission units
and nonroad engines using HAP and RBMata from significant emission units, as reponted
the NEI. VOC and PM (estimated as described above) were used as atgsoip scale
emissions of volatile organic and metal HAP/R)respectively. Scaling factors for VOC and
PM;o were derived by comparing assessable emissiomgptoted actual emissions in the NEI.
These scaling factors were then applied to estenaft® OC and PNy emissions from
insignificant emission units and nonroad enginedeteelop estimates for HAP emissions from
these same sources. Table IlI-4 identifies theuparit (VOC or PMp) used to scale emissions
for each HAP or particulate species.

Table IlI-4. HAP and Particulate Surrogate Assignmets

Surrogate Surrogate

Pollutant Pollutant Pollutant Pollutant
Arsenic PM;¢ 2-Methylnaphthalene
Beryllium PMyo Acenaphthene
Cadmium PMyo Acenaphthylene
Chromium (VI) PMo Acetaldehyde
Chromium Il PMy¢ Acrolein VOC
Cobal PMy¢ Anthracen VOC
Leac PMy¢ Benz[a]Anthracer VOC
Manganes PM; Benzen VOC
Mercury PM;¢ Benzol[b]Fluoranther VOC
Nickel PMy¢ Chrysen VOC
PM Condensab PM;¢ Ethyl Benzen VOC
PM;, Filterable PM;¢ Fluoranthen VOC
PM; : Filterable PM;¢ Fluorena VOC
PM, s Primary(Filterable + PMq VOC
Condensable) Formaldehyde
Seleniun PM;¢ Hexan VOC
2-Methylnaphthaler VOC Naphthalen VOC
Acenaphther VOC PAH, tota VOC
Acenaphthylen VOC Phenanthrer VOC
Acetaldehyd VOC Phenc VOC
Acrolein VOC Pyrent VOC
Anthracen VOC Toluent VOC
Benz[a]Anthracer VOC Xylenes (Mixed Isomer VOC

Source: ER(
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As discussed above, nine permitted facilities weeatified that were not covered in the 2011
NEI. For these facilities, emissions estimatesbased on assessable emissions estimates
available in permit documentation using the methoglpdescribed above for the NEI-covered
facilities. For example, assessable nonroad eng@ emissions were assumed to equal

28 percent of total facility assessable VOC emissiand 38 percent of those assessable
nonroad engine VOC emissions were assumed to Bcheémitted. Table 111-5 shows these
nine facilities.

In Appendix A, Table A-12 shows the calculated atemission estimates for VOC, NCCO,
SO, and PM, for each facility, while Table A-13 provides thesignificant unit and nonroad
engine CAP emission estimates for the 26 facilietuded in the NEI point source inventory.

Table I1I-5. Non-NEI Onshore Production Facilities

Facility Name
Badam RTU 3 Flare Proje:
BPXA Greater Prudhoe Bay Skid 50 Pad Tran
Station — Generator
BPXA Milne Point S Pad (CHOP
ConocoPhilips Drill Site #S Palm Developm:
Project
ConocoPhilips Meltwater Development Pro
ConocoPhilip Tarn Development Proje
Grind and Inject Facility (BPX#
Nanugq Inc Arctic Wolf Cam
Northstar Caribou Crossing Compressor Fai
Source: ADEC, 201

EPA’'s GHGRP

Under the GHGRP, oil and natural gas exploratiah@oduction sources may be subject to
reporting GHGs under subpart Géneral Stationary Fuel Combustion Sources)saitgbart W
(Petroleum and Natural Gas Systems). Data repariddr these subparts were used to
supplement the 2011 NEI and ADEC permit data, mbt tor GHG emission estimates, but also
to estimate CAP and HAP emissions for additionakses not included in the NEI (U.S. EPA,
2013c). The data obtained for these types of faslifrom the reporting year (RY) 2012
GHGRP include:

Subpart W Facility ID

Facility Name

Reporting Segment

Source Type

2012 GHG Emissions for Gnd CH (tons/yr)

Because subpart W is oriented toward reporting @Hissions, some of the larger VOC sources
(e.g., compressor seals and fugitive equipmens)eaile more fully covered under the GHGRP
than in the NEI or ADEC permit data. The NEI andEAD permit review described above
provided no emissions data for compressor sedigyidive equipment leaks. In addition, the
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NEI does not contain any emissions estimates fof @HCO,. Table 111-6 identifies the North
Slope oil and gas facilities that reported emissionder subparts W and C, and the reporting
segments under which they reported.

Table 11I-6. GHGRP Data for Onshore North Slope Oiland Gas Facilities

Subpart W . ,

Facility ID Facility Name Reporting Segment(s)

522282 Badami Development Facility Subpart W (Onshore Production)

538439 BP Alaska, 890 - Arctic Slope Basin Subpart W (Onshore Production)

592334 BPXA Central Compressor Plant Subpart W (Onshore Natural Gas Processi
Subpart C

592335 BPXA Central Gas Facility Subpart W (Onshore Natural Gas Processi
Subpart C

592336 BPXA Crude Oil Topping Unit, Prudhc Subpart C

Bay Operations Center, Tarmac Camp

522284 | BPXA Endicott Production Facility Subpart W (Onshore Natural Gas Process

Subpart C
522428 BPXA Flow Station #1 Subpart C
522429 BPXA Flow Station #2 Subpart C
522430 BPXA Flow Station #3 Subpart C
522431 BPXA Gathering Center #1 Subpart C
522432 BPXA Gathering Center #2 Subpart C
522433 BPXA Gathering Center #3 Subpart C
522223 BPXA Lisburne Production Center gﬂgg:;t \C/:V (Onshore Natural Gas Proces;
524009 | BPXA Northstar Production Facility gﬂgg:ﬁ \C’:V (Onshore Natural GProcessing)
522434 BPXA Seawater Injection Plant Subpart C
522435 BPXA Seawater Treatment Plant Subpart C

527088 ConocoPhillips Alaska Inc - KRU CPF1 Subpart C
527093 ConocoPhillips Alaska Inc - KRU CPF2 Subpart C
527111 ConocoPhillips Alaska Inc - KRU CPF3 Subpart C

527114 ConocoPhillips Alaska Inc - KRU STP Subpart C
ConocoPhillips Alaska In- KRU-ALP

537317 Fields Subpart W (Onshore Production)
538493 Nikaitchuqg Development Subpart W (Onshore Production)
592787 Pioneer Natural Resources Alas- Subpart C

Oooguruk Tie-in Pad
Source: U.S. EPA, 2014a

Subpart W - Onshore Production

Under the onshore production segment of subpad Y&cility is broadly defined as all
operations under common ownership or control thatacated in a single hydrocarbon basin.
The entire North Slope is considered to be in theié Coastal Plains Province, and with BPXA
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and ConocoPhillips operating the vast majority eflwads and production facilities, it is
estimated that 98.67 percent of North Slope pradngs covered by the four onshore
production facilities (i.e., Badami Development fiag BP Alaska, 890 - Arctic Slope Basin;
ConocoPhillips Alaska Inc - KRU-ALP Fields; and Hitchug Development). Table I11-7 shows
the reported emissions for these four facilitiesbwrce type.

Table IlI-7. Subpart W Onshore Production Emissions(tons/yr)

Source Type CO; CH,4
Combustiol 1,193,64¢ 1,735
Tank: 778.6' 31.86
Dehydrator 166.45 71.65
Flare: 34,472.2] 174.54
Centrifugal Compressc 61.51 507.94
Reciprocating Compressi 0.33 2.01
Equipment Leak 46.41 223.71

Source: U.S. EPA, 201

The information in Table 1lI-7 was used to estimiati@l emissions for each source type and
pollutant combination across the North Slope byapdlating the reported emissions to include
the uncovered 1.33 percent of production. The gpalipcation of these emissions was assumed
to cover the production area extending from theiridgield in the west to the Badami field in

the east, bound on the north by the northernmastyation facility (Nikaitchuqg) and on the

south by the southernmost production facility (BagaGIS mapping software was used to
outline the area of coverage.

As mentioned above, compressor seals and fugitjue@ment leaks are not covered under the
NEI or ADEC permitting inventories. Therefore, fi&l, emissions reported under subpart W
for these two source types were used to developass of VOC, HAP, and #$ emissions. To
do this, ERG obtained natural gas composition [gafata from North Slope producers (BP,
2014) and scaled VOC and HAP estimates based anTGile 111-8 shows the natural gas
composition data used in this analysis.

Table 111-8. North Slope Natural Gas Composition Dda

Component Weight %
Carbon dioxide 23.24%
Ethane 8.38%
Hexanes 0.43%
i-Butane 0.69%
i-Pentane 0.28%
Methane 58.36%
n-Butane 1.21%
Nitrogen 0.86%
n-Pentan 0.31%
Oxyger 0.09%
Propane 6.15%
Benzen 0.08%
Toluent 0.07%
Ethylbenzen 0.01%
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Table 111-8. North Slope Natural Gas Composition Dda (Continued)

Component Weight %
Xylenes 0.02%
VOC 9.25%
H,S 0.01%

Sources: U.S. EPA, 2011 (benzene, tolu
ethylbenzene and xylene); BP, 2014 (all
other components).

aH,S concentration based on an assumed
H,S content of 30 ppmv; all others from BP,
2014.

Subpart W — Onshore Natural Gas Processing

The onshore natural gas processing segment broadéys facilities that separate natural gas
liquids (NGLs) or non-methane gases from produ@dral gas, including compression
equipment and processing plants that fractionagdigaids. As shown in Table I1I-6, there are
five North Slope facilities reporting under thigsgent. As with the onshore production
segment, facilities reporting under the onshorenahgas processing segment are also required
to submit emission estimates for compressor sealdugitive equipment leaks. Therefore, the
CH, emissions reported under subpart W for these bwoce types were used to develop
estimates of VOC, HAP, and,H emissions as was done for the onshore produsgigment.

Appendix A, Table A-14 shows the actual emissicsigrates developed for onshore natural gas
processing sources using the methodology desciibiis section.

Subpart C

Under subpart C of the GHGRP, facilities are regghito submit GHG emissions estimates if
they meet emissions applicability thresholds anetsationary fuel combustion sources.
Stationary fuel combustion sources are broadlynéefias sources that combust solid, liquid, or
gaseous fuel to produce electricity, generate steamrovide heat or energy for industrial,
commercial, or institutional use. Typical souraadude, but are not limited to, boilers, simple
and combined-cycle combustion turbines, enginewménators, and process heaters. Nineteen
North Slope oil and gas facilities reported data@i2 under this subpart.

Appendix A, Table A-15 shows the estimated GHG sioiss for the 19 North Slope oil and gas
facilities reporting under subpart C of the GHGRP.

EPA Nonpoint Oil and Gas Emission Estimation Tool

EPA’s Nonpoint Oil and Gas Emissions Estimation [{[d@ol) (U.S. EPA, 2013d) contains
default emission estimates for oil and gas “areairees for the North Slope. These data were
analyzed to supplement the NEI, ADEC permit, and3®P subpart W data to fill in any data
gaps in source coverage or in source category ageer
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Table I11-9 lists the source categories coveredheyTool and indicates the type of activity that
is used as a surrogate to estimate nonpoint emgsfiom each category and which well type
each category is typically associated (oil, gasyath well types).

Table 11I-9. EPA Nonpoint Oil and Gas Emission Estmation Tool Categories

Category Activity Parameter Qil Gas
Artificial Lifts Oil Well Coun
Associated G: Oil Productior
Condensate Tan Condensate Producti
Crude QOil Tank Oil Productior
Dehydrator Gas Production and Well Col
Drill Rigs Estimated Feet Drille

Fugitive Leak

Oil and Gas Well Coul

Gas«Actuated Pumy

Oil and Gas Well Coul

Heater

Oil and Gas Well Coul

Hydraulic Fracturing Pum

Horizontal Spud Cou

Compressor Engin Gas Well Cour

Liquids Unloadiny Gas Well Cour

Loadinc Oil and Condensate Product
Mud Degassin Spud Cour

Pneumatic Devict

Oil and Gas Well Coul

Produced Water Tan

Produced Water Producti

Well Completion

Completion Cour

Gas Well Cour

Wellhead Compressc
Source: U.S. EPA, 201

For each of the categories listed in Table IlIH& Tool contains county-level emission estimates
of CAPs, HAPs, and GHGs. Therefore, as with the ®R@&nshore production data, emissions
data from the Tool is spatially allocated as ama&®urce.

Table 111-10 contains North Slope oil and gas agtidata found in the current version of the
Tool (U.S. EPA, 2013d). These data primarily camenfthe DI DesktoP database (formerly
HPDI®) (Drillinginfo, 2012) and through the commerdRigDatadatabase (RigData, 2013).

Table 111-10. North Slope Oil and Gas Activity Data

Activity Parameter Activity Value Aﬁtrl]\i{[léy

Casinghead gas produt 2,997,857,00 | MCF
Condensate produc 1,331,08 | BBL
Count ofconventional gas well completic 2 | coun
Count of conventional oil well completic 84 | coun
Count of gas wel 28 | coun
Count of gas well spuds, vertical drilli 3 | coun
Count of ail well: 1,542 | coun
Count of oil well spuds, vertical drillir 147 | coun
Estimate of feet drilled at gas wells, spuds, eattdrilling 6,731 | ft
Estimate of feet drilled at oil wells, spuds, veatidrilling 786,05! | ft
Gas well gas produc 67,054,13 | MCF
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Table 11I-10. North Slope Oil and Gas Activity Data (Continued)

Activity Parameter Activity Value ALCJtr']\IIt';y
Oil produce 198,804,30 | BBL
Produced water from gas we 597,93. | BBL
Produced water from oil we 706,814,60 | BBL

MCF = thousand cubic feet; BBL = barrel; ft = 1.
Source: U.S. EPA, 2013d

ERG evaluated each of the sources and processereddwy the Tool to determine if emissions
from that source type are covered under the NEE&permit data, or GHGRP data. If not,
estimates from the Tool were used to gap fill theentory for uncovered source types. Below is
a brief discussion of this analysis for each sotype.

Artificial Lift Engines— These are not used on the North Slope.

Associated Gas Venting All associated gas is collected and reinjeatéal the reservoir
to maintain pressure to facilitate oil productiarused in North Slope fuel burning
equipment. There is no venting of associated gab@iorth Slope.

Condensate TanksThese are not used on the North Slope.

Crude Oil Tanks- There are no crude oil tanks used on the NdapeS The process
stream for crude oil is closed (not exposed to apheric pressure) from the wellheads to
the manifold buildings to the production plants émen to the TAPS #1 pump station.
Emissions from various tanks used to store petrolkguids such as AHF are
characterized using the NEI and ADEC permit emissiestimates.

Dehydrators- Emissions from dehydrators used on the Nortp&ére included in the
NEI, the ADEC permit, and subpart W emissions est@s.

Drilling Rigs — These units are covered by the NEI and ADEC petata.

Fugitive Leaks- Emissions from fugitive equipment leaks havenbe®aracterized using
GHGRP subpart W data as described above.

Gas-Actuated Pneumatic Pump3hese not used on the North Slope.

Heaters- Emissions from various heaters used in Nortp&tal and gas production are
characterized in the NEI and ADEC permit emissiestimates.

Hydraulic Fracturing Pumps These are not used on the North Slope.

Hydrocarbon Liquids Loading This category refers to the unloading of crudiard/or
condensate from well pad storage tanks into tatmkeks brought to the pad for production
collection. Well pad storage tanks are not usetherNorth Slope.
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Lateral Compressor Engined_ateral compressor engines are found at theddugtion
facilities. These units are covered by the NEI ABEC permit data.

Liquids Unloading- No liquids are unloaded from gas wells on thetiN&lope.

Mud Degassing- No emissions data are available for mud degassithe NEI, the ADEC

permit data, or the GHGRP data. Emissions for neghdsing have been taken from the tool and
include 415 (tons/yr) of VOC.

Pneumatic Devices There are no gas-powered pneumatic devicesarsdte North Slope.
Produced Water TanksEmissions from produced water tanks used oiNtréh Slope are
included in the NEI and ADEC permit emissions eates.

Well Completion Venting- Emissions from well completion venting are addesl in Section
3.a.i (Onshore Oil and Gas Exploratory Drilling).

Wellhead Compressor Engineslhese are not used on the North Slope.

The accuracy of the emissions estimates from thendi gas production sources is influenced by
the availability of reported emissions data forstheources. Data available to estimate emissions
from onshore oil and gas exploration and productimmrces came from a variety of sources,
including actual emissions as reported by eachitiato ADEC (as found in the 2011 NEI),
actual emissions of GHG as reported to EPA asgiahe GHGRP, and potential emissions as
documented in ADEC air permits and permit applarati The available data for actual
emissions has been used as the basis for scaliisgiens of unreported sources or unreported
pollutants to develop a comprehensive inventory.tke largest facilities (i.e., Title V permitted
production plants), CAP and HAP pollutant data warailable to develop emissions estimates
for unreported sources (smaller units and nonrogthes). For the smaller facilities, only CAP
emissions data were available; HAP estimates havbeen developed. However, these HAP
emissions are relatively minor in relation to timéire onshore oil and gas inventory (i.e., VOC
from these sources accounts for 13 percent oftiad) t

B. Airports, Aircraft, and Support Equipment

Alaska’s aviation sector is one of the largest mnudt active of any state. This is particularly true
for the North Slope where commercial and generataw are used to move people, supplies,
and mail, provide medical airlift, monitor pipelifi@ spills, and track wildlife.

Airport emissions include aircraft main enginessikary power units (APUs) and ground
support equipment (GSESs). Airport emissions incladly the LTO cycle, not the cruise portion
of the flight. In Figure I11-6, activities below ¢hhorizontal dotted line (mixing height) are pdrt o
a typical LTO. The cruise portion appears aboventheng height.

RWERG -19



Arctic Air Quality Modeling Study-2012 Emissions In  ventory and Future Year Projections

Landing and Takeoff Cycle (LTO)
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Figure 111-6. Diagram of a Landing and Takeoff Cycle
Image from ERG

BOEM selected 16 airports located on the North Skapinclude in the emissions inventory
based on level of activity and geographic loca{i®ee Figure 111-7). The 16 airports are also
listed in Table Ill-11. Representatives from eathat were contacted to obtain activity and
operational data, including information about pblesoperating conditions for airports on the
North Slope that could affect emission estimates tduonger idling times or shorter taxi times,

for example.

ChukchilSea OCS
Planning/Area
2 Beaufort Sea OCS!

Slope
Borough

Figure 11l-7. North Slope Airport Locations and FAA Codes
Image from U.S. EPA, 2013e
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Table I1I-11. Sixteen Airports Located on the North Slope

FAA Site ID | 2011 NEI Site ID Airport Name
AA8 1609101 Badam

BTI 1056831 Barter Island LRR
LUR 1056781 Cape Lisburne LRk
5CD 1057211 Chandalar She

SCC 1056741 Deadhors

GBH 1056811 Galbraith Lak

22AK 1105631 Helmerick:

VIK 1056711 Kavik River

Al19 1160931 Lonely Air Statior
UUK 1056721 North Kuparuk / Ugn-Kuparuk
NUI 1057181 Nuigsu

PHC 1056761 Point Hopt

P1Z 1056751 Point Lay LRR¢

AIN 1057161 Wainwright

AKO03 1162391 Wainwright As

BRW 1056841 Wiley Pos-Will Rogers

Sources: FAA, 201z U.S.EPA, 2013l; BTS, 2014.

Of the 16 airports, two airports have been closemély Air Station and Wainwright Air
Station); and three airports did not have data @akar Shelf, Cape Lisburne Long Range
Radar Station [LRRS], and Point Hope).

ERG reviewed, formatted, and linked the local aitpiata collected to specific aircraft where
possible. In some cases, the data provided byitperaincluded detailed aircraft information. In
other cases, the data contained only informatiothercarriers that used the airport. Using the
air carrier companies’ websites and FAA data atsélan the Bureau of Transportation
Statistics (BTS) website (all cited below), ERGntiBed various aircraft owned and used by the
carriers. A major assumption in linking the airposimmercial activity data to the aircraft fleets
was that the aircraft that operate out of Nortlp8lairports were similar to the commercial
aircraft that were flown throughout the rest of shate. Appendix A, Table A-6 summarizes the
air carriers and their fleet makeup. ERG attempoediscuss this issue with North Slope airport
operators to identify aircraft that were too lafgethe local facility. Where these larger aircraft
were identified, they were removed from the airpataset. For Deadhorse Airport, ERG
estimated the activity data because no informatias available to link the aircraft. Appendix A,
Table A-7 summarizes the compiled activity datatfier 11 reporting airports.

Some of the data from the local airports were digtpassenger enplanements and not LTOs or
operations. The enplanement data were very sitaldre FAA’s Terminal Area Forecast (TAF)
data, which include both enplanement and operatiates. Therefore, ERG decided that the TAF
activity data would be used in place of the locgllanement data (FAA, 2012).

Ten of the 11 airports provided aircraft-specificag-carrier-specific data, which were applied
to the FAA’s Emission and Dispersion Modeling Systg&DMS) to estimate aircraft, APU, and
GSE emissions (FAA, 2013). The remaining airpoga@horse, provided approximate LTO
data. Because the data were approximations, tladeteT AF data for Deadhorse were used.
The Deadhorse aircraft were assumed to all be geaeiation aircraft equipped with piston
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engines, based on information provided by the airpperator. The TAF LTOs were applied to
emission factors from the 2011 NEI (U.S. EPA, 2018eestimate emissions for Deadhorse.

Most of the aircraft used on the North Slope arallenaircraft that do not have APUs or do not
require GSE; therefore, APU and GSE emissions wetaded only for airports serviced by
commercial aircraft that are associated with APd @GS$E in the FAA’'s EDMS model.

Airport representatives were also asked aboutiteeand taxi out times. Only two airports
provided taxi in and out times (Badami Airport édrth Kuparuk Airport), given as total time
on the ground. These times were split into taxand out using 27 percent in and 73 percent out,
which is based on the EDMS default of 7 minuteand 19 minutes out but adjusted to account
for their local data. For all other airports, thBMS defaults of 7 minutes taxi in and 19 minutes
taxi out were used. Appendix A, Table A-8 summarides taxi in and out times.

In addition to normal passenger and cargo acts/éitethe airports, there were also helicopter
operations associated with supporting offshor@uad gas exploratory drilling and seismic
survey vessel operations, as well as wildlife manmig. Table I11-12 summarizes the airport
LTOs for helicopter operations. The cruising hoamd platform LTOs are provided in the
offshore emissions inventory (Section Il of thipoe).

Table I11I-12. Oil- and Gas-Related Helicopter Activty at Airports

Location Category LTOs

. Drilling -Aircraft 29

Deadhorse Airport Drilling-Helicopter: 50

Wainwright Airpor! Drilling -Aircraft 15

. , Drilling -Aircraft 15
Wiley Post-Will Rogers / I I g-Al -

Barrow Airport Drilling-Helicopters 91

Survey-Helicopte 51

Sources: Shell, 201; FAA, 201:

Airport emissions were spatially allocated to thtlide and longitude coordinates of each
airport as shown in Table 1l1-12.

The accuracy of the airport estimates is depengaon the accuracy of the LTO data used, time
in mode assumptions, and appropriate matchingrofedi to engines. Using local LTO and time
in mode data ensures that the best available data wsed to develop these estimates.

C. TransAlaska Pipeline System

The TAPS pipeline has a total length of 800 mitesrfthe North Slope oil fields to the Valdez
Marine Terminal with 11 pump stations; the portadrihe TAPS pipeline within the North Slope
is approximately 177 miles long with four pump &tas (Pump Stations 1 through 4) (Alyeska,
2013). The pipeline is operated by the Alyeska IipeService Company (APSC). Emissions
were estimated for both the actual pipeline souasewell as APSC activities associated with
pipeline operation and maintenance.
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1. TAPS Pump Stations Beatfoft Saa
Pump Stations 1 through 4 along the TAPS are the P \“\\/ gy
only four pump stations located within the North | PrudnoeBay o ﬂ\/j PN S
Slope, as shown in Figure llI*8Emissions from Nuigsut '

these pump stations are generated by fuel burning
equipment such as gas turbines, compressors,
generators, heaters, boilers, booster pumps, ead fi
pumps. Emissions from Pump Stations 1, 3, and 4
were obtained from the 2011 NEI (U.S. EPA, 2013l
Pump Station 2 was ramped down on July 1, 1997,
due to declining production (Alyeska, 2013) andgo
not have any active emission sources. Although 20
TAPS crude oil throughput decreased by 6 percent
relative to 2011 (i.e., 547,866 bbls/day compaced t
582,895 bbls/day) (Alyeska, 2013), ERG assumed
that 2011 emissions were representative of 2012
operating levels. Pump Stations 1, 3, and 4 enmissic
were reported in the 2011 NEI for NGO, VOC, B
CO, PMyo, PMus, Pb, and HAP. GHG €MiSSIONS WE | —S“‘_“m—
estimated by multiplying relevant 2011 throughput  Figure I1I-8. TAPS Pump Stations

data with EPA WebFIRE emission factors (U.S. EP  Located within the North Slope
2013a). Data Sources (See footnote)

Trans Alaska Pipeline

PS#02

North Slope Borough

PS#03

®Anaktuvuk Pass

2. TAPS Fugitive Emissions

Emissions were estimated using national produdbased (i.e., Tier 1) emission factors from the
2006 IPCC Guidelines for National Greenhouse Gagiorieg(IPCC, 2006). These factors
were then applied to the TAPS crude oil throughpudbtain VOC, C@ and CH emissions.
Finally, the calculated emissions were scaled byrétio of the TAPS pipeline mileage within

the North Slope (177 miles) to national crude @ktine mileage (51,349 miles) (BTS, 2014).

3. Natural Gas Supply Line Fugitive Emissions

Fugitive emissions are emitted from the naturalgggsply line that fuels the TAPS pumping
stations north of the Brooks Range (i.e., Pumpi@tatl through 4).

Fugitive emissions from the natural gas supply vesténated using national production-based
(i.e., Tier 1) emission factors obtained from #@96 IPCC Guidelines for National Greenhouse

* Data Sources (All Accessed June 25, 2013): ADECRS Aump station locations:
http://dec.alaska.gov/Applications/Air/airtoolswebintSourceEmissioninventojy/Alaska Department of
Natural Resources (TAPS shapeftiép://dnr.alaska.gov/mdfiles/trans_alaska_pipefitmal; Borough
Boundaries shapefildttp://dnr.alaska.gov/mdfiles/borough.htRhysical Features/Alaska Coast shapefile:
http://dnr.alaska.gov/mdfiles/alaska_63360_xsi.itBOEM (Alaska OCS Planning Areas shapefile:
http://www.boem.gov/Oil-and-Gas-Energy-Program/Magpand-Data/Alaska.aspx
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Gas InventoriegIPCC, 2006). These factors were then appliedéa#tural gas consumed at
Pump Stations 1, 3, and 4 (3,983.9 million standatuc feet [MMscf]) in 2011 as reported in
the 2011 NEI to obtain VOC, GOand CH emissions (U.S. EPA, 2013b). Finally, the
calculated emissions were scaled by the ratio@&tipply line mileage (177 miles) to national
natural gas transmission pipeline mileage (303180&s) (BTS, 2014).

4. Pigging Operations

Pigging operations conducted on the TAPS pipelwelve pushing a mechanical device
through the pipeline to perform various operationghe pipeline without stopping the flow of
oil. In general, APSC runs a cleaning or scrapgttimough the pipeline every nine days, which
removes wax, water, or solids buildup. In additidRSC also has instrumented “smart” pigs
that measure pipeline corrosion, deformity, or nmeat. These smart pigs are run every three
years or as required by operational needs. Pigsanehed from Pump Station 1 and are
received at Pump Station 4 or are launched from@P8tation 4 and are received at the Valdez
Marine Terminal (Alyeska, 2013).

The EPA’s Emissions Inventory Improvement Progr&H) guidance recommends estimating
emissions from pigging operations based upon measamts (EIIP, 1999). Detailed emissions
information regarding TAPS pigging operations weog available; therefore, pigging operations
were assumed to be conducted once a week. Pigsalgerassumed to be launched from Pump
Station 1 and received at Pump Station 4 and th&seons are released directly to the
atmosphere at these two locations.

Methane emissions from pigging operations on th® $Avere estimated using guidance from
the EPA’s Methane to Markets program (U.S. EPA,7208Ithough this guidance is for pigging
of gathering lines, it was considered to be a neaisie approximation in the absence of any data
from APSC. Based on the equation provided in thdaqpce, a launcher and receiver volume of
170.7 cubic feet was assumed (based on a line tkawl48 inches); other default values (i.e.,
line pressure of 315 psia and 78.8 percent metbanint) were also assumed. Calculated
emissions were estimated on an annual basis arelspét evenly between Pump Station 1 and
Pump Station 4.

5. TAPS Patrol Vehicles

On-road motor vehicles patrolling the TAPS alsoagate exhaust and evaporative emissions, as
well as re-entrained road dust emissions from dgivin unpaved roads.

Information regarding the type and extent of pateflicles was not available; therefore, two
trucks were assumed to patrol the length of the S Aeline within the North Slope every day
(i.e., 354 total daily vehicle miles traveled [VMTMotor vehicle exhaust and evaporative
emissions and unpaved road dust emissions assbeidtethese vehicles were estimated as
described in Section 111.D of this report.
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ERG estimated emissions from the on-road patrakledhon an annual basis and then spatially
allocated the emissions along the length of the S ppeline. The location of the TAPS pipeline
is a reasonable approximation of the TAPS access ro

6. TAPS Pipeline Replacement and Repair

Nonroad construction equipment involved in pipelieplace and repair projects along the TAPS
generate exhaust and evaporative emissions. 31IeCEAPS pipeline was completed in 1977,
replacement and repair construction projects amegieally conducted to maintain the integrity
of the system.

Information regarding the type and extent of repiaent and repair projections was not
available; therefore, it was assumed that two veoekvs operating a dump truck, backhoe, and a
bulldozer worked a 10-hour shift somewhere alorgTtAPS pipeline on the North Slope during
the winter (October through April). It was assuntieat 10 work crews operating similar
equipment worked a 10-hour shift during the sum{vay through September). Emissions were
estimated as described in Section 111.D of thisorép

All TAPS pipeline replacement and repair emissivase estimated on an annual basis and will
be spatially allocated along the length of the TAf&line.

7. TAPS Aerial Surveillance

Emissions from helicopters occur during aerial sulance of the TAPS and feeder lines, which
are the smaller pipelines that connect the onshetis to pumping stations and to the TAPS
(See Figure 111-9) (ADNR, 2014). The helicoptergddor TAPS surveillance were based at the
Fairbanks International Airport, which is outsiddlte North Slope area.

North Siope

Copyright® 2014151 Delorme, HERE TomTom Natonsl Geagraphi Exil. OeLorme. HERE UNER
NG 505, BASA £5A, METI NEGANL GEBCO. NORA. mvamen P Corp

Figure IlI-9. TAPS and Feeder Pipelines
Data Source: ADNR, 2014
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The total miles of TAPS (177 miles) (BLM, 2014; AR)13) and feeder lines (349 miles) (BLM,
2014; AP, 2013) were summed and then doubled touatdor round trips (1,056.8 miles). The
total distance was divided by 100 miles per howietd 634.065 daily minutes of flight. As
surveillance flights are implemented daily, thisiated to 3,857.23 annual hours of operation.
This was multiplied by 80 percent of the takeoffdagortion of the emission factor for the Bell
407 from EDMS (FAA, 2013) to approximate cruisingeoating load and emissions. The Bell
407 is the model used for surveillance by the BnsGroup, which was in charge of TAPS
surveillance during 2012.

It was assumed that a similar helicopter was usedanitor the feeder pipelines (Figure 111-9)
connected to the TAPS. Activity and emissions frapeline surveillance operations were
spatially assigned to onshore pipeline segments.

With the exception of the pump station emissioms tirere reported to the 2011 NEI by APSC,
all of the other emission estimates associated WARS operations should be considered to be
fairly uncertain due to the inability to obtain asyecific information from APSC. Although
engineering judgment and reasonable assumptiors wsed to estimate these emissions,
detailed information would provide more certainrastes.

D. Non-Oil/Gas Stationary Point, Area, and Mobile Souces

This section describes the methods and data usestitoate emissions from non-oil/gas
stationary point, area, and mobile sources locat#loe eight North Slope villages, as well as the
related support activities (that not directly rethto oil production) within the onshore oil and
gas fields (Figure 111-10). Barrow is the largegtage on the North Slope with an estimated
population of 4,445 people in 2012 (ADL&WD, 2013he remaining seven villages are
considerably smaller with populations ranging frd@6 people (Point Lay) to 668 people (Point
Hope) (ADL&WD, 2013). Four villages are located thie coast (Point Hope, Wainwright,
Kaktovik, and Point Lay), while the other thredagles are located inland (Nuigsut, Atgasuk,
and Anaktuvuk Pass). The onshore oil and gas fiel®sudhoe Bay do not have a permanent
population, but have thousands of workers thateataand out on a transient basis.
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Barrow

Wainwright%anUk

ngqsut

Hope North Slope

Anaktuvuk
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Figure 111-10. Locations of North Slope Villages
Data SourceArcGIS Online, so the official source may still BERI:
http://www.arcgis.com/home/item.html?id=4e75a4f &afa8b9399ea7464189Accessed September 26, 2014.)

The emission sources located in the onshore vilage broadly classified as follows:

Fuel combustion — Power plants, commercial/instingl, and residential.

Mobile sources — On-road motor vehicles and nonroadile sources.

Road dust — Paved and unpaved roads.

Miscellaneous — Waste burning, wastewater treatnagwt other stationary sources.

1. Power Plants

Power plants are located in each of the eight NBlbipe villages; two additional plants are
located in the oil and gas fields (Deadhorse Rgalnd North Slope Generating Power Plant).
The Barrow Power Plant is operated by the Barroisigs and Electric Co-op, Inc. (BUECI);
the remaining village power plants are run by tloetN Slope Borough (NSB) Department of
Public Works. The Deadhorse Facility, North Slopn€&rating Power Plant, Barrow Power
Plant, and Nuigsut Power Plant use natural gagpasnary fuel, while the other power plants
use fuel oil as a primary fuel.
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Emissions from the Deadhorse Facility, North Sl@@mnerating Power Plant, and the three
largest village power plants (Barrow, Point Hopad &Vainwright) were obtained from the 2011
NEI (U.S. EPA, 2013Db). It was assumed that 201ksioms were representative of 2012
operating levels (i.e., there are no NEI emissavalable for 2012).

Emissions for the five smaller village power pladsaktuvuk Pass, Atgasuk, Kaktovik,
Nuigsut, and Point Lay) were estimated by multipdyfuel consumption data with EPA
WebFIRE emission factors (U.S. EPA, 2013a). MetaPHspecies emissions were estimated by
applying speciation fractions from the SPECIAT Eathatse to Pl emissions (U.S. EPA,
2014c). Fuel consumption data for these smalléagel power plants were obtained from the
Alaska Energy Authority’s (AEA’s) Power Cost Equaliion (PCE) rural energy subsidy
program (Williams, 2014) (included in Table A-16Apendix A). Although ULSD fuel is
currently used in the North Slope power plantspagiag to fuel invoice records, it was not used
as fuel oil in 2012 (Slatton, 2014a). The fuelsuilfur content was assumed to be 2,500 ppm
based upon fuel specifications for Fairbanks fulglLeeelasakultum et al., 2012).

2. Industrial and Commercial/Institutional Fuel Combuson

The two primary fuels used within the North Slopat(rral gas and distillate fuel oil) are
combusted within industrial (not related to oil agak production) and commercial/institutional
(e.g., schools, community facilities, village corgiions) settings. Commercial/institutional fuel
combustion does not include the village power @alint general, emissions were estimated by
multiplying fuel consumption data with EPA WebFIREission factors (U.S. EPA, 2013a).
Metal HAP species emissions were estimated by apphpeciation fractions from the
SPECIATE database to BNMemissions (U.S. EPA, 2014c).

One specific industrial facility that burned natugas and distillate fuel oil provides logistical
support to the oil and gas fields — Peak Oilfiedth&es, Peak Base Shop, Peak Wellex, and
Nabors Base Camp Facilities (Permit # AQ12820RLAMPEC, 2013); however, it could not
be definitively confirmed that this facility waselsole provider of logistical support to the oil
and gas fields. Emissions were based upon the asiihemissions provided in the permit’s
limits.

Another industrial source that combusts distilkaie oil is the Service Area 10 Incinerator
Plant, which is operated by the NSB (Permit # AQURIR202P) (ADEC, 2013). Emissions were
estimated by combining the permitted distillatel fiugantity of 250,000 gallons/year with EPA
WebFIRE emission factors (U.S. EPA, 2013a) andiafien fractions from the SPECIATE
database (U.S. EPA, 2014c). Because geographidicate locations could not be identified for
the Service Area 10 Incinerator Plant, it was agsiito be located near the Oxbow Landfill.

Distillate heating oil is also consumed at eacthefK-12 North Slope Borough School District
(NSBSD) schools in the villages with the excepdBarrow; specific monthly consumption
guantities for 2012 were provided by the NSB’s Dépant of Public Works’ Fuel Division
(Slatton, 2014a) (included in Table A-17 of Append). Emissions were estimated with
reported distillate fuel oil quantities combinedwEPA WebFIRE emission factors (U.S. EPA,
2013a) and speciation fractions from the SPECIA&tabase (U.S. EPA, 2014c).
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Distillate heating oil is also consumed at four thid8lope Long-Range Radar Sites (LRRS)
operated by the U.S. Air Force (Barter Island LRR8pe Lisburne LRRS, Oliktok LRRS, and
Point Barrow LRRS). Barter Island LRRS is locateamKaktovik and Point Barrow LRRS is
located near Barrow; Cape Lisburne LRRS and OlikiBRS are located at remote locations
away from the North Slope villages. Specific 20a&lfconsumption quantities could not be
identified, so permitted fuel quantities from thRRS permits were used instead — 200,000
gallons/year at Cape Lisburne LRRS and Oliktok LR®RS8 50,000 gallons/year at Barter Island
LRRS and Point Barrow LRRS (ADEC, 2013). Emissiosese estimated using EPA WebFIRE
emission factors (U.S. EPA, 2013a) and speciatiactibns from the SPECIATE database (U.S.
EPA, 2014c). Specific location coordinates weraidied for each LRRS facility.

Unlike other North Slope villages (which almost lessively use distillate heating oil), Barrow
meets much of its energy needs from fuel supphethiee nearby natural gas fields (South
Barrow, East Barrow, and Walakpa). Specific 201t2irzd gas consumption quantities were
obtained from invoices for two commercial/institutal consumers in Barrow: the Ukpek
IAupiat Corporation (UIC)/Naval Arctic Research badtory (NARL) Complex Water Plant and
the Aeronautical Radio, Inc. radio towers (Neste&t®i4) (included in Table A-18 of

Appendix A). Emissions were estimated using EPA ABE emission factors (U.S. EPA,
2013a).

In addition to the specific industrial and commat@nstitutional fuel combustion sources
described above, there is additional unspecifiedmercial/institutional fuel combustion in the
North Slope. BUECI staff provided natural gas cangtion quantities in Barrow (Nesteby,
2014), while NSB staff provided fuel oil consumptiquantities (Slatton, 2014a). Although
ULSD is currently used on the North Slope for intdiatand commercial/institutional fuel
combustion, according to fuel invoice records, @swot used as fuel oil in 2012 (Slatton,
2014a). The fuel oil sulfur content was assumeoket@,500 ppm based upon fuel specifications
for Fairbanks fuel oil (Leelasakultum et al., 2012issions were estimated using EPA
WebFIRE emission factors (U.S. EPA, 2013a).

3. Residential Fuel Combustion

Private residences within the North Slope use trmary fuels (natural gas and distillate fuel
oil) for space heating, water heating, backup atdtt generation, cooking, etc. As shown in
Figure I11-11, most village residences (outsiddafrow and Nuigsut) are heated using distillate
fuel oil. (Note fuel oil tank on left side of houseFigure 111-11).
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Figure IlI-11. House in Wainwright
Photo courtesy of M. Wolf (ERG), September 10, 2014

Distillate fuel oil residential combustion devideslude
forced air furnaces (as shown in Figure 1lI-12)ydo
stoves, and residential boiler systems. Unlike roteégions
within Alaska, wood is not used in the North Sldpe
residential heating and cooking because therearatural
wood sources in close proximity. Minor quantitids o
liquefied petroleum gas (LPG) are also used orNibh
Slope, but mainly for hunting and camping actigtiaot as
a primary residential fuel.

In general, residential fuel combustion emissioesew
estimated by multiplying fuel consumption data wHRA
WebFIRE emission factors (U.S. EPA, 2013a). MetaPH
species emissions were estimated by applying dp&ctia
fractions from the SPECIATE database to2Mmissions
(U.S. EPA, 2014c).

Figure IlI-12. Fuel Oil Forced

Residential fuel combusted in Barrow is strictlyitied to Air Furnace in Wainwright
natural gas, while residential fuel combusted ingSut is (approximately 30 years old)
a mix of natural gas and distillate fuel oil. Resitlal fuel Photo courtesy of M. Wolf (ERG),
combusted in the remaining six villages is distiléuel September 10, 2014

oil. BUECI provided Barrow residential natural gas

consumption statistics (Nesteby, 2014), while NSBépartment of Public Works’ Fuel

Division provided all residential fuel consumptistatistics in the other villages (Slatton, 2014a)
(included in Table A-18 and Table A-19 of Appendix Although ULSD is currently used in

the North Slope for residential fuel combustiorgading to fuel invoice records it was not used
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as fuel oil in 2012 (Slatton, 2014a). The fuelsuilfur content was assumed to be 2,500 ppm
based upon fuel specifications for Fairbanks fulgll@elasakultum et al., 2012).

Because LPG is not a primary residential fuel, esstgtistics were not specifically tracked by
the NSB. Eskimos, Inc. (i.e., the Barrow fuel sugiplprovided an estimate of LPG usage in
Barrow (Snow, 2014). The NSB’s Department of Pullierks’ Fuel Division also had an
estimate of LPG purchases in the village of Atqa&l&tton, 2014a). The Atqasuk LPG
purchase data were extrapolated to the other kages without LPG information based upon
village population (ADL&WD, 2013). Compared to sntial fuel oil and natural gas
consumption, residential LPG consumption is moreeuiain due to a lack of data.

4. On-Road Motor Vehicles

On-road motor vehicle emissions in the North Slveee developed using emission factors from
EPA’'s MOVES2014 model (MOVES) (U.S. EPA, 2014d)hwlibcal meteorological and vehicle
activity data for VMT and fuel consumption. All goad motor vehicle emissions were
estimated on a monthly basis and then summed ap &nnual total.

The on-road emissions inventory includes six vehietegories:

On-road emissions by village for the eight villageshe North Slope.

Wintertime idling (in addition to typical on-roadnéssion processes) for the eight
villages.

Vehicles traveling on the Dalton Highway.

TAPS patrols.

Vehicles traveling within the Prudhoe Bay oil fisld

Gasoline refueling emissions in the North Slope.

ERG ran MOVES and processed the results to prothgcemission factors, and in conjunction
with fleet activity data, estimated on-road emissidor each category listed above. The
following approach describes key inputs to MOVES #ren details the emissions inventory
methods separately for the six categories.

Most of the MOVES input data specific to the Notlbpe were prepared by ADEC for the 2011
NEI (ADEC, 2012). The specific MOVES inputs that &Rsed included fuel supply and
formulation, fleet age, fleet diesel fractions, AAdT patterns as well as local meteorological
data recorded at Deadhorse Airport (for Dalton Migi) and Barrow Airport (all other
categories) (NCDC, 2014). The other fleet activised outside of MOVES framework to
calculate on-road emissions (i.e., VMT, speeds,faadconsumption) is described in the
following sections.

a. On-Road Emissions — Villages

On-road emissions were calculated for each Nobe&village. Because Barrow is the most
populous village and had the only available VMT,&Rn MOVES specifically for Barrow and
then scaled the emission results to the smalllxgak based on population (ADL&WD, 2013).
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Vehicle traffic information for the North Slopeestremely limited. The Alaska Department of
Transportation and Public Facilities (ADOT&PF) ealled annual average daily traffic (AADT)
statistics in 2012 for Barrow (ADOT&PF, 2014); dagure 111-13. Although these AADT
statistics do not represent all vehicle activityBarrow, they do represent traffic on the most
heavily travelled roads, and were used to repré3ambw vehicle activity. Limited field
observations indicate that the roads for which AA@ATa were collected are the primary roads
traveled in Barrow. Because no other traffic stagsexist for the other North Slope villages,
Barrow AADT data statistics were extrapolated t® obher villages based on population.

On-road driving at the village level was modeledi®VES as rural non highway road (Rural
Unrestricted Access) with a distribution of speed® mph (40 percent of VMT), 35 mph

(35 percent), and 45 mph (25 percent). The anrugabge daily VMT for Barrow is estimated at
16,163 based on the AADT and length of 13 majodsaa the village (included in Table A-20
of Appendix A). This VMT estimate is likely low baase the smaller roads do not have traffic
counts to estimate AADT. However, the gasoline diedel consumed by each village is fully
accounted for because fuel not consumed by onvehidles was assumed to be used by
nonroad vehicles such as NSB nonroad equipmenparstnal snowmobiles and ATVs.

Legend Barrow 2 . D - S . o DnMes

Traffic Count 2000 - 2999
A 0-900 A7 3000 - 3998
1000 - 1998 /7 4000 - 4575

Figure I11-13. 2012 Average Daily Traffic Count Staistics for Barrow
Source: ADOT&PF, 2014

Annual Average Daily Traffic
2012
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The total VMT was disaggregated by vehicle and fye¢ using modified fleet mix information
submitted by ADEC (ADEC, 2012). The North Slopeatdkeet mix was modified to remove
long-haul trucks and combination-unit short-hautks because these are unable to access
villages through any roadway network and they alyesre accounted for under the separate
analysis of Dalton Highway. The average day VM Barrow was also converted to an annual
total and then disaggregated to months using thehN&lope month VMT fractions. ERG ran the
model using seasonal meteorology data from Barrapoft for each month and calculated
monthly emission factors for each vehicle type. €hassion factors include all emission
processes associated with on-road (i.e., startuskhaunning exhaust, evaporative emissions,
brake and tire) in a single gram/mile factor pdiytant by month and vehicle/fuel type. These
emission factors were then multiplied with corraggiog VMT to estimate Barrow emissions.

The fuel consumed in Barrow from on-road activigyg(, VMT and engine starts) was calculated
based on total CQemissions from each vehicle type divided by thdaa content of fuel (i.e.,
8.91 kg CQ/gallon of non-ethanol gasoline and 10.15 kg./@8@llon of diesel). As with the
village-level emissions, village-level fuel consuimop was estimated by scaling Barrow gasoline
and diesel consumption by population (ADL&WD, 2013)

b. Wintertime Idling — Villages

MOVES does not estimate wintertime idling activiy default as part of any on-road inventory.
MOVES accounts for a small amount of idling as péttypical driving cycles that reflect trip
patterns where vehicles stop for short periodsemvaiting at a traffic light or stop sign.
However, in the Arctic, vehicles are frequentlyt idfing while parked during the wintertime,
particularly during the coldest months of the y&taff of NSB Public Works Department
indicated that some of the NSB vehicles may idl@ariban 3,000 hours per year (Lewis, 2014);
however, this level of idling is probably too hifgr the overall vehicle population. Therefore,
wintertime idling was assumed to be 640 hours peicke per year, based on eight hours per
day, five days per week (Monday-Friday), and fownths per year (December — March).

ERG ran MOVES to estimate idle emission factorgraams/hour using average meteorological
conditions for daytime in the four winter monthsOMES is a “modal” emissions model,
meaning that it contains base emission rates feratipg modes, which are defined by
vehicle-specific power (VSP) and speed. In genéhnaloperating mode bins represent different
operation of vehicles on a typical trip, includiide, deceleration, coast, and acceleration. To
estimate the idle emission factors, ERG ran MOVEi8githe “Project Scale” mode and a
unique operating mode distribution with 100 peradla operation. The results of this modeling
were grams/hour for each vehicle type. The grans/libe emission factors were multiplied by
640 hours and the population of vehicles in Barrow.

Although the exact number of vehicles was not knatwvas estimated by dividing the annual
VMT by a fleet average annual mileage accumulatae of approximately 10,400 miles per
vehicle per year. The estimated number of totaickes (e.g., cars, passenger trucks, buses) in
Barrow was 569 vehicles. ERG estimated the velpigfaulation by vehicle type using the
population fleet mix provided by ADEC for the NoiStope for the NEI with heavy-duty trucks
removed (ADEC, 2012). Fuel consumed by wintertidieg was also calculated using the £O
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g/gallon factors described previously for the gahen-road calculations by village. As with the
general on-road emissions, wintertime idling emigsiand the associated fuel consumption for
the other villages were estimated by scaling byutedpn (ADL&WD, 2013).

c. Dalton Highway

The Dalton Highway was modeled in MOVES as a rhigihway (Rural Restricted Access) with
an average speed of 50 mph (i.e., posted speddl. MMT on the highway averaged 20,855
miles per day in 2012, dominated by heavy-dutyeligrsick traffic (82 percent) with the
remaining 18 percent from light-duty gasoline tsI€RDOT&PF, 2013). The VMT was
reallocated from annual average day VMT into sealspatterns using the VMT patterns for
rural highway in the North Slope (ADEC, 2012). MOS§'Ehonthly emission factors in
grams/mile were multiplied with monthly VMT to esiate season-specific emissions generated
by trucking on the Dalton Highway.

d. TAPS Patrols

As described in Section IlI.C, trucks were assutoegatrol the length of the TAPS pipeline
within the North Slope every day (i.e., 354 totailgl VMT). The running emission factors for
light commercial trucks operating on rural nonhigiywoads developed for the Barrow on-road
analysis were used to represent patrol vehiclesngralong the TAPS. The emission factors in
grams/mile were multiplied with VMT estimates t@guce the patrol truck emissions.
Wintertime idling emissions were not estimatedtfos category.

e. Prudhoe Bay

A considerable amount of on-road motor vehicle {uel, gasoline and ULSD) is transported
across the Dalton Highway from Fairbanks up to RoedBay. Staff from NSB provided an
estimate of the amount of motor vehicle fuel tramrsgd in 2012 (2,775,000 gallons of gasoline)
(Monnin, 2014). These staff indicated that the ULSould be covered by the relevant Title V
permits; therefore, emissions were estimated amlygésoline-fueled vehicles. Neither Prudhoe
Bay VMT nor vehicle population was available. Doetie absence of better data, the
corresponding VMT and population of trucks wasreated based on the total gasoline using the
corresponding activity proportions from the Barramalysis, but accounting for higher rates of
wintertime idling. The assumed rate of wintertirdéng in Prudhoe Bay was 1,140 hours of
idling per vehicle per year (60 hours per week,nspnths per year).

Emissions factors developed for Barrow for gasefureded light commercial trucks from the
“general on-road” and “wintertime idle” analysis memultiplied by the activity in Prudhoe Bay.

5. Nonroad Mobile Sources

Nonroad mobile source emissions in the North Slepee estimated using EPA’s
NONROAD2008a model (U.S. EPA, 2009b) to derive srois factors based on fuel
consumption. Custom inputs to NONROAD specificte North Slope were used where
available; otherwise, NONROAD default data weredu3éhe custom inputs to NONROAD are
discussed below:
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Meteorological Data: Village-specific meteorolodidata were used to run the
NONROAD2008a model. Monthly temperature data wértaioed from the National
Climatic Data Center (NCDC) (NCDC, 2014).
Fuel Characteristics: The nonroad mobile sourckifipeits were synchronized with the
MOVES inputs provided by ADEC. The gasoline sufontent was 30 ppm and the
ULSD sulfur content was 15 ppm. Based on ADEC’sitngasoline Reid vapor pressure
(RVP) was assumed to be 12.4 from May to Septeiaherl4.69 from October to April
(ADEC, 2012).
Daily and Monthly Data: Based on discussions wiB\oersonnel (Slatton, 2014b), the
monthly and daily activity distribution for someykeonroad equipment was updated
from the NONROAD defaults in the SEASON.DAT fileh& following monthly activity
data adjustments were made:

0 2-stroke gasoline snowmobiles — October throughlApr

0 4-stroke ATVs — May through September.

0 4-stroke recreational marine motors — June thr@etember.

The weekday/weekend allocations were set equahé&se nonroad equipment types.

Emissions Estimation Methodoloqgy

After the NONROAD inputs were updated with locafadapecific to the North Slope, the
NONROAD model was run to estimate annual emissiongsach area and month for the year
2012. The model produced both emissions estimaie$uel consumption estimates for each
source classification code (SCC). Based on dissosswith NSB personnel concerning
conditions in the North Slope (Slatton, 2014b)ydhk following types of nonroad equipment
were included in the emission estimates:

2-stroke gasoline snowmobiles (see Figure 111-14).
4-stroke ATVs.

4-stroke recreational marine (inboard/sterndrive).
Diesel rollers.

Diesel graders (see Figure I11-15).

Diesel off-highway trucks.

Diesel tractors/loaders/backhoes.

Diesel dumpers/tenders.

The NONROAD model estimates emissions for CAPsy.daimissions for HAP were estimated
using a modified version of the NONROAD reportirtdity, which applies speciation factors
obtained from the EPA’s NMIM model. Using these NRDIAD outputs, ton/gallon emission
factors were developed for each SCC and pollutamtbination. The NONROAD outputs were
also used to calculate the fraction of total fuisumption for each SCC.
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Figure IlI-14. Snowmobiles in Front of a Figure IlI-15. Grader Leveling Barrow

Barrow Residence Unpaved Road
Photo courtesy of M. Wolf (ERG), September 8-9,201

The amount of annual gasoline and diesel fuel aopsion for nonroad equipment was then
allocated to each SCC based on the fuel use fractifculated from the NONROAD outputs.
The amount of nonroad gasoline and diesel fuelwwopsion was determined by subtracting the
amount of on-road gasoline and diesel from thd gatsoline and diesel quantities. Once the
amount of fuel used by each piece of equipmentoalsilated, the tons per gallon emission
factor derived from the NONROAD outputs were apgphlieesulting in a total emissions estimate
for each SCC and pollutant combination.

6. Road Dust

Dust emissions are generated from vehicle and ewnptravelling over unpaved roads located
in villages and other areas within the North Sldfigure I11-16 shows one of the major roads in
Barrow (Eben Hopson Street) and its unpaved roddai Although paved road dust is also
typically included in regional emissions inventsti@o sufficiently important paved areas were
identified in the North Slope.

Figure IlI-16. Eben Hopson Street, Barrow, and theJnpaved Road Surface
Photo courtesy of M. Wolf (ERG), September 7, 2014
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Emissions were estimated by multiplying unpavedird®T by emission factors derived from
empirical equations found in AP-42, Section 13@IZ%5. EPA, 1995). The annual average daily
VMT for Barrow was estimated at 16,163 VMT basedlm AADT, which was then
extrapolated to the other villages based upon poipul

Detailed vehicle traffic information was availalite the Dalton Highway. Based upon
ADOT&PF data, there are 20,588 daily VMT from theghin River to Deadhorse —
approximately 82 percent of this VMT was determit@tbe from trucks (ADOT&PF, 2013).

As described in Section IlI.C, two daily surveiltanpatrols were assumed to traverse the entire
length of the TAPS pipeline. These patrols corradgo daily VMT of 354 miles and annual
VMT of 129,564 miles.

As described in Section 111.D.4, a total of 2,7 @)@allons of gasoline are consumed annually
in the Prudhoe Bay oil and gas field; this quantitgas corresponds to 23,339,562 VMT.

Unpaved road dust emissions for the North Slodagel were calculated using the following
two equations (U.S. EPA, 1995):

where:

E, = Emissions from unpaved road dust (tons)

VMT = Unpaved road VMT (miles)

ER, = Unpaved road dust emission factor (Ibs/VMT)

S = Surface material silt content (%)

S = Mean vehicle speed (mph)

M = Surface material moisture content (%)

C = Emission factor for exhaust, brake wear, taedvear (0.00047 Ib/VMT
for PMyg; 0.00036 Ib/VMT for PMs)

Kk = Empirical particle size multiplier (1.8 Ib/VMT fd®My;
0.18 Ib/VMT for PM 5)

a = Empirical constant (1.0 for Rvand PMs)

C = Empirical constant (0.2 for Ryland PM s)

d = Empirical constant (0.5 for Ryland PM s)

P = Number of “wet” days during averaging period witB.01 inches
precipitation

N = Number of days in the averaging period (i.e., B8%nnual).

The following alternative emission factor equationunpaved surfaces at industrial sites was
used for the Dalton Highway, the Prudhoe Bay ail gas fields, and the TAPS patrols:
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where:

ER, = Unpaved road dust emission factor (Ibs/VMT)

S = Surface material silt content (%)

W = Mean vehicle weight (tons)

Kk = Empirical particle size multiplier (1.8 Ib/VMT fd®My;
0.18 Ib/VMT for PM s)

a = Empirical constant (1.0 for Rvand PMs)

b = Empirical constant (0.45 for Ryand PM )

P = Number of “wet” days during averaging period witB.01 inches
precipitation

N = Number of days in the averaging period (i.e., R8&nnual)

Although silt content samples were not collectedrenNorth Slope in this study, ERG

identified a silt content value of 25 percent thas previously collected on the Dalton Highway
(Walker and Everett, 1987). This value was usedllarnpaved dust calculations. An average
speed of 35 mph was assumed for vehicle travdiarvillages. Because moisture content
samples were not collected, a default value op@rsent (i.e., the unadjusted correction
parameter when local moisture content was not medswas used for the village unpaved road
dust emission calculations (U.S. EPA, 1995).

Both emission factor equations presented abovedech correction factor that accounts for the
number of days with0.01 inches of precipitation. These precipitatiagsisuppress the
production of entrained road dust emissions. Algiothere are some days during the winter
when there is no measureable precipitation, rebgh@av and ice cover due to extremely low
temperatures also prevents the unpaved road dissiens. Discussions with NSB Public
Works Department staff revealed that entrained chasd emissions primarily occur during the
summer, between May and October
(Lowery, 2014). This temporal adjustment
was applied to the annual emissions by
multiplying annual emissions by a factor of
0.418 (i.e., 153 days from May to October
divided by 366 days [in 2012]).

7. Waste Burning

Municipal solid waste (MSW) (i.e., paper,
plastics, wood, glass, rubber, leather, textiles,
and food wastes) is widely burned in the
North Slope landfills to reduce the overall
waste volume and to discourage scavenginlg

by wild animals (see Figure 111-17).

Emissions were estimated by multiplying Figure I1I-17. Open waste burning at

Wainwright Landfill
Photo courtesy of M. Wolf (ERG), September 10, 2014
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landfilled waste quantities by EPA WebFIRE emisdmetors (U.S. EPA, 2013a) and 2011 U.S.
NEI emission factors (U.S. EPA, 2013b).

Waste in Barrow is burned at the Barrow Thermaldasion System (TOS) Facility; incinerated
MSW quantities were provided by NSB Departmentablie Works staff (Heath, 2014). As
described in Section 111.D.2, the NSB also operahedService Area 10 Incinerator plant in
2012. However, the quantity of waste burned ast#wnd facility could not be identified, so
emissions from this facility were limited to fuedmbustion only.

In the remaining seven villages, waste is burnddeatommunity landfills either in a burn box,
burn cage, or a trench (as shown in Figure Ill-A8)far as can be determined, waste is not
burned in burn piles or burn barrels located atviddal residences in the North Slope villages.
For each village landfill, NSB Department of Pulluorks staff provided the quantity of waste
hauled and the quantity of waste landfilled (He@01.4); the difference of these two quantities
was assumed to be the quantity of waste burnetliied in Table A-21 of Appendix A). The
provided village waste quantities were for the 264&al year (i.e., July 2012 through June
2013). It was assumed that these quantities weresentative of the 2012 calendar year.

All waste burning emissions were estimated on amahbasis. Specific location coordinates
were identified for the Barrow TOS Facility and thiéage landfills.

8. Wastewater Treatment

Wastewater treatment is conducted in each of tjia &orth Slope villages. The Barrow
wastewater treatment plant is a bioreactor membiitiragion system with ultraviolet

purification, while the other village wastewategatment plants are simpler package plants based
on an extended activated sludge process. Treatst@water effluent quantities were provided

by NSB Department of Public Works staff (Winalski14a). The NSB also operates a
wastewater treatment plant in Service Area 10; hvewdreated wastewater effluent quantities
could not be identified.

Emissions were estimated for VOC, lnd HAP. VOC and Niemissions were estimated by
multiplying treated effluent quantities by EPA WeéRE emission factors (U.S. EPA, 2013a);
HAP emission were estimated using speciation foastirom the SPECIATE database (U.S.
EPA, 2014c).

9. Fuel Dispensing

In addition to the non-oil/gas stationary poingarand mobile sources listed above, some
additional sources were identified. The methodsl useestimate emissions from these sources
are described below.

Both on-road motor vehicles and nonroad mobile seaiare refueled in each of the eight North
Slope villages, as well as in the oil and gas §elBlecause of the relative higher volatility of
gasoline compared to ULSD, only gasoline refueéngssions were estimated.
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Barrow is the only village with a “gasoline statidne., ASRC SKW Eskimos); other villages
have simple free-standing gasoline and ULSD pursegs Figure 111-18). In Anaktuvuk Pass,
Atgasuk, Nuigsut, Point Lay, and Wainwright, thesenps are located at the village tank farm,
while in Kaktovik and Point Hope, they are locased different location separate from the tank
farm (Winalski, 2014b). In the oil and gas fieldshicles are primarily refueled from refueling
trucks.

Refueling emission factors were estimated usingM®@/ES model without Stage Il controls
(i.e., no gasoline dispensing pump vapor contreiads). The refueling emissions estimates
include both displacement vapor and spillage lod5B$ calculated emission factors in units of
grams/gallon of gasoline by month. These emissagtofs were multiplied by the volume
throughput at each village gasoline dispensindifacEmissions were estimated for VOC and
HAP.

Figure 111-18. (Left) ASRC SKW Eskimos Gasoline Staéion in Barrow; (Right) Village Fuel
Pump in Wainwright
Photo courtesy of M. Wolf (ERG), September 7 and2004
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IV. DEVELOPMENT OF EMISSIONS INVENTORY PROJECTIONS

ERG estimated future year emissions for the solandsactivities that are reasonably
foreseeable and expected to continue for an extepeeod of time. The projections reflect a
future full-buildout scenario as defined by BOEMJBM, 2014b). The projections also include
anticipated increases in future emissions fromagednshore sources including: operation of
new production facilities; increased TAPS throughmcreased airport activities necessary to
support offshore production; and construction apération of new onshore pipelines to
transport the anticipated offshore oil producedalty, the projections reflect decreased
emissions for a few stationary and area sourcésathaanticipated to convert to exclusive use of
ULSD in the future.

Note that the projected emissions for the futuemnado that are described in this section do not
represent the totdéliture year projected onshore and offshore emssidhe projections include
only the sources and activities that are expedathang€i.e., increase or decrease) in the
future. Furthermore, the future year projected simiss should not simply be added to the
baseline emissions of the sources that are noteegbéo change to calculate total future year
emissions because onshore oil and gas emissiomseixting facilities, and emissions from
construction and operation emissions from new ifaaslwill likely not all occur during the same
year. Future work by ERG and ENVIRON during the elod) phase of the BOEM Arctic AQ
study will define which specific sources shouldmedeled to determine future air quality
impacts; at that time, the total future year ineeyntwill be calculated.

A. Offshore Oil/Gas Related Sources

The offshore projection emissions inventory repnesa single future year when offshore
operations are “fully built out” and includes optyas such as:

Seismic, geotechnical, geohazard, and on-ice sarvey
Exploratory drilling.

Platform construction.

Gravel island construction.

Pipelaying.

Active production platforms.

Potential spill events.

BOEM developed the offshore projection scenariB®EM (BOEM, 2014b) for two sites in

the Chukchi Sea, and four sites in the BeaufortéSaaoted in Figure 1V-1. (The figure also
shows the anticipated location of the Liberty (giavsland, discussed below in Section IV.B).
Table IV-1 summarizes the details concerning thehofe component of the projection scenario.
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Figure IV-1. Offshore Projected Development Areas
Data Source: BOEM, 2014b

Because the projection scenario does not iderpiégific vessels and aircraft to be used, actual
periods of activities, or actual vessel traffictpats, a number of assumptions were made. As a
result, there is considerable uncertainty assataith the offshore oil and gas projected
emission estimates. Actual emissions may be laiger the estimates reported here if, for
example, larger vessels or aircraft are used,efréguency or duration of the activity is greater
than predicted. Conversely, actual emissions mdgwer than the estimates reported here if
smaller vessels or aircraft are used in a moreiefft, coordinated logistics operation (e.g., trip
sharing), vessels and aircraft are equipped wittenenore fuel-efficient engines, or alternative
biofuels or LNG are used.

Activities not addressed in this future year sceEngiclude non-oil and gas offshore activities
such as CMVs and research vessel operations, geedgigtion of future activities for these
sources would be highly speculative at this time.

1. Survey Operations

As noted in Section Il of this report, seismic ywessels are used in the Arctic to evaluate the
possible locations of oil-bearing strata (seismisys), assess geologic risk to constructed
structures (geohazard surveys), and provide seddiador platform design and construction
(geotechnical surveys).
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Table IV-1. Full Build-Out Projections Scenario for Offshore Oil and Gas Activities

| Beaufort Se: | Chukchi Sez
Projected Productia
Productior: Gas BCF/yr 167 11F
Production: Oil,Condensa MMbbl/yr 132 204
Total Platform well 21F 26(
Total Subsea \ells 34 90

Projected Activities and Durati

(B1, B2, B3, and B4 = Development Areas in the BeaGea; C1 and C2 = Development Areas in the Chugea)

Offshore Pipeline
Construction

July — October

- 44 miles of new construction
- Includes pipelaying vessel, dredge ships, supgasels,

helicopters

- 40 miles of new construction
- Includes pipelaying vessel, dredge ships,
support vessels, helicopters

Seismic Surveys

July — October

8-week run includes survey vessel, support and sessel

4-week run include survey vessel, support a
scout vessels

December — May

1 on-ice operation lasting 4 weeks

oneN

Geohazard Surve

Geotechnical Surveys

8-week run includes survey and support ve:

8-week run includes survey and support ve:

July — October

8-weel run includes survey and support ves

8-week run includes survey and support ve:

Exploratory Drilling

July — October

- 1 jackup at B3 and 1 jackup at B4
- Includes support vessels, icebreaker, spill regpteen,

helicopter support

- 2 drill ships at C1
- Includes support vessels, icebreaker, spill
response team, helicopter support

Platform Construction

July — October

(Gravel island
construction

- 1 gravity-base system constructed at B1

- 1 gravity-base system constructed at B2

- 1 gravel island at Liberty location

- Includes support vessels, icebreaker, helicopigpat,

gravel trucks

- 1 gravity- based system constructed at C1
- Includes support vessels, icebreaker, helicop
support

December — May)

- Subsea well construction
- 2 jackups at B2 and 1 jackup at B3
- Includes support vessels, helicopter support

- Subsea well construction
- 1 jackup and 2 drill ships at C1
- Includes support vessels, helicopter support

Production Platform
Operation

Throughout the
Year

- 1 platform at B1; 27 on platform wells

- 2 platforms at B2; 81 on platform wells, 23 subsedtis

- 1 platform at B3; 54 on platform wells, 11 subsedisv

- 1 platform at B4; 54 on platform wells, providingaal of

215 on platform wells and 34 subsea wells

- Includes platform equipment, support vessels, bpter

support

- 2 platforms at C1; 260 on platform wells and
subsea wells

- Includes platform equipment, support vessels

helicopter support

]

- Production at Liberty Island; 32 wells

- Includes platform equipment, support vessels

None

BCF/yr = billion cubic feet per year; MMbbl/yr = ion barrels per year. Source: BOEM, 2014b
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For the projection scenario, it was assumed that saismic survey vessel will require a support
vessel and an ice-breaker/scout vessel. Simildret@pproach for the 2012 seismic survey
vessel activity estimates, the seismic survey aipgpaert vessels are assumed to have the same
characteristics as thd/V Geo Arcticand thePolar Prince The scout vessels was assumed to
have a power rating of 1,268 kW (BOEM, 2013). Fer yeohazard and geotechnical surveys, it
was assumed that two survey vessels with an av@@ger rating of 1,519 kW each and six
support vessels with an average power rating ofi®4ach will be used, based on Arctic
survey fleet data compiled by BOEM (BOEM, 2014c).

Table IV-2 summarizes BOEM'’s projected survey aoés including the location and type of
survey to be implemented, duration of each surkipydnd composition of each survey fleet.

Table IV-2. Projection Scenario for Seismic Surveyperations

Survey Type | Duration | Fleet Vessel Compositio

Beaufort Sea

Seismic Survey 8 week: 1 survey vessel, 1 support vessel, 1 ¢

Geohazard Surwi 8 week: 2 survey vessels, 6 support ves

Geotechnici Surve) 8 week: 2 survey vessels, 6 support ves
Chukchi Sea

Seismic Survey 4 week: 1 survey vessel, 1 support vessel, 1 ¢

Geohazard Surwvi 8 week: 2 survey vessels, 6 support ves

Geotechnical Surwvt 8 week: 2 Survey vessels, 6 suppvessel

Source: BOEM, 201«

Based on the vessel power rating assumptions letede and BOEM'’s projection scenario, the
survey vessel activity (kW-hrs) was estimated bytiplying the vessel power rating by hours of
operation and the load factor for each vesselgusia same methodology that was used for the
2012 seismic survey vessel activity estimates §&=ion Il of this report). Table 1V-3
summarizes the survey vessel activity for the mtme scenario.

Table IV-3. Projection Scenario Seismic Survey VesbActivity Data

Survey Vessel Vsl Operation Load Number of
Type Type Power (Hours) Factor Vessels ST
Rating (kW)

Beaufort Sea
Seismic Survey vess 7,57¢ 1,34 90% 1 9,163,93
Surveys Support vess 3,82( 1,34« 62% 1 3,170,29
Scou 1,26¢ 1,34¢ 62% 1 1,052,07.
Geohazar Survey vess 1,51¢ 1,34« 90% 2 3,675,73.
Surveys Support vess 824 1,34« 62% 6 4,101,21
Geotechnica | Survey vess 1,51¢ 1,34 90% 2 3,675,73.
Surveys Support vess 824 1,34¢ 62% 6 4,101,21

Chukchi Sea
Seismic Survey vess 7,57¢ 672 90% 1 4,581,96!
Surveys Support vess 3,82( 1,34¢ 62% 1 1,585,14
Scou 1,26¢ 1,34¢ 62% 1 526,03t
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Table IV-3. Projection Scenario Seismic Survey VeskActivity Data (Continued)

Survey Vessel Vsl Operation Load Number of
Type Type HOLEs (Hours) Factor Vessels S
Rating (kW)
Geohazar Survey vess 1,51¢ 1,34« 90% 2 3,675,73.
Surveys Support vess 824 1,34« 62% 6 4,101,21
Geotechnica | Survey vess 1,51¢ 1,34 90% 2 3,675,73.
Surveys Support vess 824 1,34¢ 62% 6 4,101,21

Sources: BOEM, 2014b; BOEM, 2012b; BOEM, 2012c; BOR013;Wilson et al. 2014

The CAPand GHGemissions factors for these survey vessels areofobusting ULSD fuels
(15 ppm) and are the same as those shown in Sdttiteble 11-2. HAP speciation profiles were
applied to the PM emissions for metallic HAP andG&/@missions for organic HAP.

CAP and GHG emissions were estimated by multiplyghrs and the emission factor for each
vessel, which is the same method used to estirhat2d12 seismic survey vessel emissions (see
Section Il of this report). CAP and GHG emissiorerevcalculated as follows:

E = kW-hrs x EF x CF

where:
E = Emissions (tons)
kW-hrs = Annual activity data (kilowatt-hours)
EF = Emission factor (g/kW-hr)
CF = Conversion factor (g = 1.10231%®n)

Example Calculation:

Total kW-hrs for seismic survey vessel in the Bedu$ea for the projection year were
9,163,930 kW-hrs. The emission factor for N©9.8 g/kW-hr.

E =9,163,930 x 9.8 x 0.00000110231
E =99 tons

In addition to survey and support vessels, sugpelitopters visit the survey vessels to deliver
supplies and transfer personnel. This section addeeemissions from the cruise portion of flight
between the airport and the survey vessel as weleaLTOs at the survey vessels. (Increased
airport LTOs associated with these flights are cegtan the onshore projections.) It was
assumed that, during the 120-day open water sedsen the sea ice has melted (July through
October), helicopters will fly from the airport the area where the survey vessels operate three
times a week, at a cruising speed of 100 mph. Tower¢he total hours per season was calculated
to be 174.86 hours. The emissions from the LTO®watculated using the FAA’'s EDMS for a
Sikorsky SH-60 Sea Hawk (FAA, 2013). Engine loattdes specific for cruising operations of a
Sea Hawk were not identified there for, the takeadide emission factors (100 percent load)
were adjusted to 80 percent load to representicguengine load conditions, providing a

V-5
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conservative value similar to an equivalent turbppengine (SDMC, 2014)

Projected activity and emissions were allocatedrge shapefiles of the Beaufort and Chukchi
Seas. (Specific locations within specific leaseck#to be assigned based on BOEM guidance.)

2. Exploratory Drilling

For the projection scenario, exploratory drillingdasubsea well construction are expected to
continue; both activities will require use of dnt rigs, specifically drillships and jackups. The
anticipated drilling activity locations (B1, B2, BB4, C1 and C2) are noted in red on Figure V-
2.

Figure IV-2. Location of Projected Drilling Operations
Data Source: BOEM, 2014b

Using the drilling data (Shell, 201 &and fleet information provided by BOEM (see Settid of
this report) daily emission factors were develofeedrillships, jackups, and a support fleet.
There were no jackup data in the North Slope egpion plans, so average jackup kW ratings
from the Gulf of Mexico were used.

BOEM provided projected daily activill@BOEM, 2014, which is summarized in Table 1V-4.
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Table IV-4. Projected Drilling Activity

Activit Development Number | Wells per | Days per Total
Typey Aregs Vel T of Vessels Vesspel V)\//elf Days
B3 Jacku| 1 2 38 76
Support Flee 1 2 38 76
Jacku| 1 1 38 38
Exploratory B4 Support Flee 1 1 38 38
c1 Drillship 2 2 38 152
Support Flee 1 2 38 76
B2 Jacku| 2 3 38 22¢
Support Flee 1 3 38 114
B3 Jacku| 1 3 38 114
Subsea Well Support Flee 1 3 38 114
Drillship 2 3 38 22¢
C1 Jacku| 1 3 38 114
Support Flee 1 3 38 114

Source: BOEN, 2014t

The total number of drilling days was calculatethgshe following equation:
TDays =V xW x D

where:
TDays = Total number of drilling days
V = Number of vessels
W = Number of wells per vessel
D = Number of construction days per well

Example Calculation:

For site B3 jackups, the number of vessels isd ntimber of wells per vessel is 2, and the
number of construction days per well is 38.

TDays =1 x 2 x 38
TDays = 76 days

Drilling rig emissions were estimated as follows:
EM = EF x TDays

where:
EM = Emissions (tons)

EF = Emission factor (tons/day)
TDays = Total number of days of activity

RERG V-7
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Example Calculation:

For site B3 exploratory jackups, the total numbedrdling days is projected to be 76, and the
emissions factor for NQOs 4.899 tons per day.

EM =4.899 x 76
EM = 372.324 tons of NQ

Projected drilling operations will also include icepters and airplanes. Projected emissions
from these sources are described in Section I\e©wo

At the Chukchi sites, the helicopters were assutoidly 12 round trips a week from Barrow
Airport to the drilling sites at three hours pep.tAirplanes were assumed to fly four times a
week between Wainwright Airport and Barrow Airpttbring supplies to the helicopters at
Barrow Airport (Shell, 2011). The Saab 340-B cmgsspeed is 290 mph and the distance
between the airports is 86.66 miles. At the Deastdvirport, helicopters were assumed to fly
12 round trips a week at three hours per trip basedffshore permit data. Wildlife monitoring
aircraft were assumed to fly seven times a weekxdtours a trip. It was also assumed that when
the helicopters fly to the drilling sites, they Wdnd at more than one drilling rig; thereforeclea
trip will have multiple LTOs at the drilling sitdsit only one LTO at the airport. Helicopters and
airplanes were assumed to fly for the entire 12pafsen water season when the sea ice has
melted (July through October).

Airplane and helicopter LTO emissions were estimatging the FAA's EDMS (FAA, 2013).
For the cruise portion of both, the takeoff modassian factors (at 100 percent load) were
adjusted to 80 percent load, to represent crusinggne load conditions and provide a value
similar to an equivalent turboprop engine (SDMC14£20

Drilling emissions were allocated to the latituchel dongitude coordinates of the development
area sites, as shown in Figure 1V-2, above. Suppgssel emissions were assigned to shapefiles
between the development area sites and the negamesand helicopter and aircraft emissions
were assigned to shapefiles between the developaneatsites and the nearest airport.

3. Pipelaying and Associated
Support Vessels

Pipelines link offshore platforms to onshore
refineries and storage facilities and connect beiot
pipelines. Pipelines are constructed using special
pipelaying vessels. There are two types of
pipelaying vessels: vessels installing flexibleepip
that is unwound from giant reels (S lay), and
vessels installing ridged pipe that is welded
together while at sea (Figure 1V-3). Pipelaying

vessels also install underwater valves and pum|  Figure IV-3. S Lay Pipelaying Vessel
which requires using large heavy-lift cranes. Allseas’ Soltaire

Image from Allseas’ Equipment Gallery. © Used by
Permission.
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Pipelaying vessels can be self-propelled shipsppeui with Category 2 or 3 propulsion engines
and Category 2 auxiliary engines or they can bes@ipropelled barges that require tugs to
tow them to the site. These barges are specifickbigned to lay pipe and equipped with large
auxiliary engines.

Pipelaying vessel emissions include estimatesdssels providing pipeline construction
services, as well as associated support vesseldraddes. The pollutants estimated for these
vessels are NQ SQ,, VOC, CO, PMo, PMy 5, Pb, GHGs, HAP, and NiHCAP and GHG
emissions were estimated by applying emission fadtoactivity data for the projection scenario
provided by BOEM. HAP emissions were estimatedgplyang HAP speciation profiles to PM
emissions for metallic HAP and VOC emissions fagasic HAP.

The projected pipelaying activity data were derifrexin the vessel power rating, load factor,
and hours of operation in terms of kW-hrs. The gkgewer rating is assumed to be 67,200 kW
based on a representative ice class pipelayingbvgsaipem, 2014), and 3,820 kW for
associated support vessels (BOEM, 2012b). The ladwperation were based on total pipeline
length in miles constructed in both the Beaufod @mnukchi Seas (BOEM, 2014b). Table IV-5
lists the projected pipeline length for the profatyear.

Table IV-5. Projected Offshore Pipeline Lengths (nies)

Location Pipeline Length (miles
Beaufort Se 44
Chukchi Se 40

Source: BOEM, 201«

Each pipelaying vessel was assumed to requiresioport vessels (BOEM, 2014b). The
pipelaying vessels and their associated supposeles/ere also assumed to operate 24 hours per
day laying pipe at a rate of 1 mile per day (Athraed Gijzel, 2006). The total vessel hours were
estimated based on the following equation:

Tpi = Lix 1 mile/day x 24 hrs/day
where:

Tpi = Total vessel time involved in pipelaying for S€hours)

Li = Length of new pipeline within the boundariesSef i (miles)
Example Calculation:
The total length of pipeline in the projection saga for Beaufort Sea is 44 miles.

Toi =44 x 1 x 24
Tpi = 1,056 vessel-hours

The projected vessel-hours associated with newipgeonstruction total 1,056 vessel-hours for
the Beaufort Sea and 960 vessel-hours for Chukehi S
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Figure IV-4. DCI Dredge Aquarious
Online image from Dredgepoint.org.
https://www.dredgepoint.org/dredging-
database/owners/zanen-verstoep
(Accessed November 24, 2014.)

Figure IV-5. Kaishuu
Online image from Dredgepoint.org.
https://www.dredgepoint.org/dredging-
database/owners/zanen-verstoep
(Accessed November 24, 2014.)

kW-hrs = kW x LF x hrs x \

where:

kW = Vessel power rating (kilowatt)

LF = Load factor (%)

It was assumed that two dredging vessels are
also required for pipelaying activities: one
cutter suction dredger, such as D@l Dredge
Aquarious(shown Figure 1V-4) and one
trailing hopper dredger, such as faishuu
(shown inFigure 1V-5). The cutter suction
dredger is used to dredge down into the sea
bed prior to pipelaying. Once pipelaying is
complete, the trailing hopper dredge covers the
pipeline to protect it from ice flow in shallow
waters. Each dredge type was assumed to
operate 24 hours a day for 30 days, which
assumes a dredging rate of 100 cubic meters
per hour for a trench three meters deep by
three meters wide extending from shore
approximately 4.5 miles (CEDA, 2014).

Based on an inventory of representative cutter
suction dredges (Athmer and Gizel, 2006), the
average vessel power rating for cutter suction
dredges was assumed to be 16,575 kW with an
average cruising speed of 11.3 knots. Similarly,
the average vessel power rating for trailing
hopper dredges was assume to be 16,981 kW
with an average vessel cruising speed of

14.3 knots.

The following load factors for these vessels
were assumed: 80 percent for pipelaying
vessels, 62 percent for support vessels
(Marintek, 2010), and 63 percent for dredge
vessels (U.S. EPA, 2009c). Pipelaying vessel
activity was estimated as follows:

hrs = Adjusted number of operating hours for eaetsel

N, = Number of vessels

VERG
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Example Calculation:

Total hours of operation for the pipelaying vesselhe Beaufort Sea were 1,056. The power
rating was 67,200 kW, and the load factor was 0.80.

kW-hrs = 67,200 x 0.80 x 1,056 x 1
kW-hrs = 56,770,560

Table IV-6 summarizes the pipelaying activity.

Table IV-6. Projected Pipelaying Activity Data

Location Vessel Typi kW-Hrs
Pipelaying 56,770,56
Suppor 9,963,78.
Beaufort Sea 5 o joe- Cuittel 7,518,19
Dredge- Trailing Hoppe 7,702,58
Pipelaying 51,609,60
. Suppor 9,057,98
Chukehi Sea 50 jge- Cutter 7,518,109
Dredge- Trailing Hoppe 7,702,58
Total 157,843,47

Sources: BOEM, 2014lAthmerandGijzel, 2006;CEDA, 2014; Marintek
2010; U.S. EPA, 2009c

These activity data were applied to the GREET’'s @GAB GHG emission factors and HAP
speciation profiles. The emissions factors assediatith the pipelaying, support, and dredging
vessels were based on use of ULSD fuels (15 ppm@&sl in the Shell Exploration Plan (Shell,
2011). The CAP emission factors applied to the lpijpeg vessel activity data are shown above
in Section II, Table II-2.

CAP and GHG emissions were estimated by multiplyghrs by the emission factor for each
vessel type. HAP speciation profiles were apple&M emissions for metallic HAP and VOC
emissions for organic HAP. CAP and GHG emissiongipelaying vessels and associated
support and dredging vessels were calculated asvil

E = kW-hrs x EF x CF

where:
E = Emissions (tons)
kW-hrs = Annual activity data (kilowatt-hours)
EF = Emission factor (g/kW-hrs)
CF = Conversion factor (g = 1.10231 x°li®n)
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Example Calculation:

Total KW-hrs for the pipelaying vessel in the BeatiSea for the projection year were 6,770,560
kW-hrs. The emission factor for N@ 9.8 g/kW-hr.

E = 56,770,560 x 9.8 x 0.00000110231
E =613 tons

Pipelaying emissions were allocated to shapefiédwéen the development area sites and the
nearest port.

4. Platform Construction

Various types of offshore platforms such as
fixed platforms, floating spars, and tension
leg platforms are used for offshore extraction
such as fixed platforms, floating spars, and
tension leg platforms. In BOEM'’s scenario if
is anticipated that the platforms to be
constructed offshore of the North Slope will
be gravity-based structures (GBS) built to
withstand winter ice flows (see Figure 1V-6;

Malyutin and Kalinsky, 2007). Globally there Figure IV-6. Gravity Base System
are about 35 GBS operating. Image from Sonistics.com. © Used by Permission.

GBS platforms are typically constructed offsiteaatry dock or adjacent to a protected harbor.
The base and topside are constructed separatedybdde is typically towed to a deep water
location where water is pumped into the structlleaeng it to sink below the surface. Next, the
topside structure is positioned above the basecangressed air is added allowing the base to
rise, connecting it to the topside structure. Tovalzined base and topside structure are then
towed to the site where the GBS will operate. CtheeGBS is at the site, the platform is
carefully positioned and ballast water is addethéobase allowing it to slowly sink to the sea
bed. Then the ballast water is displaced with demsgerial such as stone, sand, or concrete to
provide the necessary mass needed to secure théobfsor of the sea (PetroWiki, 2013; Vos,
1995).

The projected year emissions inventory includeseissnvolved in towing the GBS to the site,
positioning the platform, ballasting the base, all s support vessel and helicopter activities
necessary to complete the platform construction.

In developing emission estimates for the projectiéshore platform construction, ERG

identified other applications similar to those exteel in the Arctic (EMCP, 2010), and
determined the Hibernian Platform off the coadiefvfoundland, Canada, to be an appropriate
model on which to base Arctic GBS activities (Offst+ Technology, 2011; SubsealQ, 2011;
Kverner, 2011). The Hibernian is larger than whatid be needed because it was designed for
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75-foot waves and icebergs, while in the Arctic teximum wave height is 16 feet, and there
are no icebergs, although all Arctic platforms mhestable to withstand extended periods of ice
flow. Therefore, the Hibernian construction vedkadt was adjusted (e.g., the number of tugs

used to tow the GBS to the site was reduced frarpudier tugs and three steering tugs to four
puller tugs and two steerer tugs, and two icebnsakere added).

As with other GBSs, it is assumed that the platformthe Arctic will be constructed offsite (not
on the North Slope as special dry docks or deepm@atations are needed), probably elsewhere
in Alaska or the western coast of Canada and taategphto offshore locations in the Beaufort
and Chukchi Seas. During towing, a platform wiviel at 2 mph. BOEM has developed maps
of the most direct routes to the projected platfeonstruction sites using GIS mapping tools.
This mapping activity provides an estimate of tlaee| distances with which to calculate the
period of time each GBS would be towed to site.ld#-7 summarizes the various distances
from the western edge of the Chukchi Sea to thplaiform sites (BOEM, 2014b).

Table IV-7. Distances from Construction Sites to Rijected Platform Sites

. Number of :

Sl Platforms LIS
Beaufort Sea: E 1 712,
Beaufort Sea: E 1 647.:
Chukchi Sea: C 1 208.5

Source: BOEM, 201«

It was assumed that it will take 40 hours (compacetthe 70 hours for the Hibernian) for the
tugs to set the platform in place. After the platids set, two support tugs will be needed for
transporting ballast material (i.e., rock, sand¢@ment) to the platforms for one month
(compared to the two-month period for the Hiberhidmastly, it is assumed that two support
vessels will continue activities during the remagopen water season (2.5 months), to transfer
supplies and crew changes to complete platformtoasigon.

Table 1V-8 summarizes the specific units, operatiamaracteristics, and activity data
anticipated for the various vessels used for GB#qim construction (AT, 2014; BOEM,
2014b; Bruijn, 1998; Shell, 2011).

Table IV-8. Units, Operational Characteristics, andActivity Predicted for GSS Platform
Construction Vessels in the Arctic

. . Engine Power Activity
Site Vessel Unit Types Hours (kW) Load (kW-hrs)

Ice-breakers Propulsion and Generation 793 37|816 .6 | 07,986,797
Ice-breakers Heaters and Boilers 7193 395 0.8 5@7,50

B1 Towing Tugs Propulsion and Generatign 2,378 4,825 .6/06,171,472
Ballasting Tugs Propulsion and Generation 1,440 82|9 0.6 2,577,13(
Resupply
Ship/Support Propulsion and Generation 3,527 2/9830.6| 6,312,784
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Table IV-8. Units, Operational Characteristics, andActivity Predicted for GSS Platform
Construction Vessels in the Arctic (Continued)

. . Engine Power Activity
Site Vessel Unit Types Hours (kW) Load (kW-hrs)

Ice Breakers Propulsion and Generation Y27 37(816 .6 | 06,503,104
Ice Breakers Heaters and Boilers 727 895 0.8 5P0,69

B2 Towing Tugs Propulsion and Generatign 2,182 4,825 .6 05,662,401
Ballasting Tugs Propulsion and Generation 1,440 82|9 0.6 2,577,13(
Resupply
Ship/Support Propulsion and Generation 3,593 2/9830.6| 6,429,814
Ice Breakers Propulsion and Generation 289 37(816 .6 | 06,549,800
Ice Breakers Heaters and Boilers 289 895 0.8 236,65

Cc1 Towing Tugs Propulsion and Generatign 866 4,325 0.8,247,310
Ballasting Tugs Propulsion and Generation 1,440 82|9 0.6 2,577,13(
Resupply
Ship/Support Propulsion and Generation 4,031 2/9830.6| 7,214,911

Derived from BOEM, 2014b (activity data); Wilsonadt, 2014 (load factors).

GSB platform construction vessel activity was clted as follows:
kW-hrs = kW x LF x hrs x N

where:
kW = Vessel power rating (kW)
LF = Load factor (%)
hrs = Adjusted number of operating hours for eaetsel
Ny = Number of vessels

Example Calculation:

The ice-breaker vessels at site B1 have a powegraf 37,816.2 kW. The number of operating
hours was 396.36 hours per vessel, the numbersselewas 2, and the load factor was 60
percent.

kW-hrs = 37,816.2 x 0.6 x 396.36 x 2
kW-hrs = 17,986,797 kW-hrs

These activity data are applied to the GREET maressel CAP and GHG emission factors
(ANL, 2013; Shell, 2011) and speciation profiles émgines using ULSD fuels, which were also
used for the drilling vessels. Emissions from platf construction include NQOSQG, VOC, CO,
PMio, PMp s, Pb, GHGs, HAP, and NH

The platform construction vessel emissions werewtatied as follows:

E = kW-hrs x EF x CF
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where:
E = Emissions (tons)
kW-hrs = Annual activity data (kilowatt-hours)
EF = Emission factor (g/kW-hrs)
CF = Conversion factor (g = 1.10231 x°li®n)

Example Calculation:

The ice-breaker vessels at site B1 are projectddve a total of 17,986,797 kW-hrs. The
emission factor for NQis 1.6 g/kW-hr.

E =17,986,797 x 1.6 x 0.00000110231
E = 31.7 tons of NQ¥rom ice breakers’ propulsion and generation

This projected platform construction scenario @ssumes three helicopter trips weekly for
personnel transfers using a Sikorsky S-61N. Thisdgter model is not included in the FAA’s
EDMS; therefore, a similar helicopter, the SikorSi¢f-60 Sea Hawk, was used as a surrogate.

The helicopter LTO emissions were estimated udiegqAA’'s EDMS (FAA, 2013). Engine
load factors specific for cruising operations Gea Hawk were not identified, therefore, the
takeoff mode emission factors (100 percent loadeveeljusted to 80 percent load to represent
cruising engine load conditions, providing a comagve value similar to an equivalent
turboprop engine (SDMC, 2014).

Construction emissions were allocated to shapedilele shipping lane used to tow the
platforms from the western border of the Chukcla &ethe development area sites (e.g., in the
Beaufort Sea, B1 and B2 and the Chukchi Sea, G)p&t vessel emissions were assigned to
shapefiles between the development area siteshantetarest port, while helicopter emissions
were assigned to shapefiles between the developaneatsites and the nearest airports.

5. Platform Operation and Associated Support Vessels

Constructed platforms are put into operation t groduction wells, extract crude and gas from
the sea bed, re-inject gas to maintain site praslucates, and pump product to shore. The
process of extracting and pumping oil and gas tweshreates combustion and evaporative
emissions from the following emission units (Wilsebhal., 2014):

Boilers/heaters/burners - Mud degassing

Diesel engines - Natural gas engines

Drill rig system - Natural gas turbines
Combustion flares - Pneumatic pumps
Fugitive sources - Pressure/level controllers
Glycol dehydrators - Storage tanks

Loading operations - Cold vents
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Amine units, used to remove sulfur from the cruate, sometimes used on offshore platforms.
However, it is assumed that these will not be wsegroduction wells offshore in the Arctic
because amine units are not used in similar ofssbdrand gas production platforms in the Cook
Inlet, Alaska.

Because there are currently no production platfamtee Chukchi or Beaufort Seas, details
concerning the actual unit process configurati@msAfctic platforms are unknown. Emission
profiles for projected offshore production platfermere derived from available data from some
of the larger offshore platforms operating in Cowliet. The representative Cook Inlet platforms
are the following: Dolly Varden, Grayling, King $abn, and Steelhead.

Emissions data for these platforms were compilethfthe EPA’s 2011 NEI and the GHGRP,
and the GHGRP subpart C (combustion sources) dnghsuW (petroleum and natural gas
systems) data submittals for RY2012. The numbevedis for each platform was obtained from
the Cook Inlet Facility Assessment: Report, Final Di@H2MHILL, 2013).

An emissions profile was developed for each pofititd each production platform (Tables 1V-
11 and 1V-12), using the equation below, then ayedao obtain an estimate of average
emissions per well.

ER=EM/n

where:
ER = Emissions per well by pollutant, i
EM = Compiled emissions (tons/yr)
n = Total number of wells per production platform

This approach assumes the ratio of production gargector wells for the Arctic offshore
platforms will be similar to the Cook Inlet platfas. In addition, the NEI includes only the most
important sources on the platform (i.e., minoraurses that occur occasionally are not included
in the NEI data); therefore, actual emissions froduction platforms may be slightly larger
than the values calculated for this study.

Example Calculation:

In 2011, NQ emissions from the Dolly Varden Platform for nafilgas turbine engines totaled
180.08 tons, and the number of wells for this platf was 37.

ER =180.08 / 37
ER = 4.87 tons of NQper well

The CAP and GHG emissions per well for Cook Inlatfprms are listed in Tables 1V-9 and
IV-10, respectively. As stated above, these aveeagiesions per well for the Cook Inlet
platforms were applied to the projected numberrotipction wells for each development area
(e.g., B1, B2, B3, B4, and C1) included in BOEMigjpction scenario to obtain emissions for
the Arctic platforms.
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Table IV-9. Average Criteria Pollutant Emissions pe Well for Cook Inlet

Description Dolly Varden Grayling King Salmon Steelhead
Platform Platform Platform Platform
CO (tons)
Natural Gas Boiler, < 10 MMBtu/hr 0.06 0.06 0.06 -
Reciprocating Diesel Engine 0.03 0.04 0/05 Q.15
Natural Gas Turbine Engine 2.74 2.05 1]30 131
Large Bore Diesel Engine 0.03 - 0.0004 -
Natural Gas Production Flares 0.43 0{74 0.58 (.51
NO (tons)
Natural Gas Boiler, < 10 MMBtu/hr 0.07 0.07 0.08 -
Reciprocating Diesel Engine 0.15 0.17 0{25 (.68
Natural Gas Turbine Engine 4.87 9.32 4/73 5.73
Large Bore Diesel Engine 0.12 - 0.001 -
Natural Gas Production Flares 0.08 0{14 0.11 (.09
PM (tons)
Natural Gas Boiler, < 10 MMBtu/hr 0.01 0.01 0.p1 -
Reciprocating Diesel Engine 0.01 0.1 0/02 .04
Natural Gas Turbine Engine 0.14 0.p0 0/13 Q.21
Large Bore Diesel Engine 0.004 - - -
Natural Gas Production Flares 0.03 0/05 0.04 (.04
PM, s (tons)
Natural Gas Boiler, < 10 MMBtu/hr 0.01 0.01 0.p1 -
Reciprocating Diesel Engine 0.01 0.1 0/02 .04
Natural Gas Turbine Engine 0.14 0.p0 0/13 Q.21
Large Bore Diesel Engine 0.004 - - -
Natural Gas Production Flares 0.03 0/05 0.04 (.04
SQO; (tons)
Natural Gas Boiler, < 10 MMBtu/hr 0.12 0.02 0.13 -
Reciprocating Diesel Engine 0.001 0.0003 0,01 (.01
Natural Gas Turbine Engine 3.37 0.98 3[27 0.p03
Large Bore Diesel Engine 0.005 - - -
Natural Gas Production Flares 0.19 0/07 g.25 -
VOC (tons)
Natural Gas Boiler, < 10 MMBtu/hr 0.004 0.004 0.004 -
Reciprocating Diesel Engine 0.01 0.1 0/02 .04
Natural Gas Turbine Engine 0.04 0.06 0{04 Q.07
Large Bore Diesel Engine 0.003 - - -
Natural Gas Production Flares 0.07 0/13 0.10 (.09
Natural Gas Boiler, >10 MMBtu/hr - - - 0.04

MMBtu/hr = million British Thermal Units per hougource: ADEC, 2013
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Table IV-10. Average GHG Emissions per Well for Cok Inlet

Description Dolly Varden Grayling King Salmon Steelhead
Platform Platform Platform Platform

CH,(tons)

Combustion Flares 3.38 2.83 3.08 1.28

Mud Degassing - - - 22.3

Fugitive Emissions 120 197 127 297

Combustion Sources 0.08 0.11 0.07 0.12
CO, (tons)

Combustion Flares 148 125 137 60

Mud Degassing - - - 0.004

Combustion Sources 4,435 5,933 3,954 6,054
N,O (tons)

Combustion Flares 0.81 0.68 0.74 0.32

Combustion Sources 0.01 0.01 0.01 0.01

“-*indicates pollutant not reported for the platia Sources: ADEC, 2013; CH2MHill, 2013

The average Cook Inlet platform emissions per welle applied to the projected number of

production wells for each development area (e.§, B2, B3, B4, and C1) in BOEM'’s
projection scenario as noted in Table 1V-11, ushefollowing equation:

EM,=ER x N

where:

EM, = Projected emissions per developmental area/¢ons
ER = Average emissions per well by pollutant, i
N = Projected number of wells per developmenta are

Table 1V-11. Projected Number of On-platform and Subsea Production Wells

Location Well Type Dev:rlgggﬁent Nuvmvle)ﬁsr et
Beaufort Sea On-platform Bl 27
Beaufort Sea On-platform B2 81
Beaufort Sea On-platform B3 54
Beaufort Sea On-platform B4 54
Beaufort Sea Subsea B2 23
Beaufort Sea Subsea B3 11
Chukchi Sea On-platform C1l 260
Chukchi Sea Subsea C1l 9
Liberty Island - - 32

@ Liberty Island data are provided as a productioib with 32 wells and in
Section 1V.B.3 where construction and drilling adgressed.
Source: BOEM, 2014b
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Example Calculation:

The projected number of on-platform wells in theelepmental area B1 was 27, and the
average emissions per well for N®@as 6.16 tons per year for natural gas turbinéneisg

EM, = 6.16 x 27
EMp = 166 tons of NQ

In addition to emission sources located on eacHhymtion platform, support helicopters also
visit the production platforms to drop off suppleesd transfer personnel. Three helicopter trips
per week were assumed to occur for personnel gegking a Sikorsky SH-60 Sea Hawk (i.e.,
used as a surrogate).

For the cruise portion of the helicopter emissidhs,takeoff mode emission factors (100 percent
load) was adjusted to 80 percent load to repraserging engine load conditions providing a
conservative value similar to an equivalent turbppengine (SDMC, 2014). These emissions
were allocated at the most direct flight path bemvihe airport and the site. Support vessels
regularly visit the platforms to deliver suppliesjuipment, and personnel. Table 1V-12
summarizes the assumed activity per site based/@support vessels per platform at each site
operating 24 hours a day for the 120-day season.

Table IV-12. Projected Support Vessel Activity (kWhr) Associated
with Platform Production

. Power Ratin Load Total
Site Total Hours (kW) g Factor KW-Hrs
C1 11,52( 2,98: 80% 27,489,93
Bl 5,76( 2,98: 80% 13,744,96
B2 11,520 2,983 80% 27,489,983
B3 5,76( 2,98: 80% 13,744,96
B4 5,76( 2,98: 80% 13,744,96

Derived from Wilson et al201<

To estimate emissions, these support vessel gotigtia (KW-hrs) were applied to the CAP,
GHG, and NH emission factors. HAP speciation profiles wereligpto PM and VOC
estimates to quantify the HAP emissions. The emmssfactors used for support vessels were
based on using ULWD fuels (15 ppm). The CAP emis&ators applied to the support vessel
activity data are shown in Section Il, Table 11-2.

CAP and GHG emissions for support vessels and essedaredging and support vessels were
calculated as follows:

E = kW-hrs x EF x CF

where:
E = Emissions (tons)
kW-hrs = Annual activity data (kilowatt-hours)
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EF = Emission factor (g/kW-hrs)
CF = Conversion factor (g = 1.10231 x®11@n)

Example Calculation:

The total KW-hrs at site C1lis projected to be 29,483 kW-hrs. The emission factor for N
9.8 g/kW-hr.

E =27,489,933 x 9.8 x 0.00000110231
E =297 tons of NQ

Production emissions were allocated to the apprtgodevelopment area sites. Support vessel
emissions were assigned to shapefiles betweeretle@apment area sites and the nearest port,
while helicopter emissions were assigned to shigsefietween the development area sites and
the nearest airports.

6. Spills

BOEM anticipates that there may be emissions assatwith spills from oil and gas
exploration and production activities in the Chukahd Beaufort Seas. This includes
evaporation from the spill and emissions assocatiddoperating the spill response vessels.

Oil spills can occur at any time, but recovery gBawill be particularly challenging during
periods of extreme cold, which may include the @nes of sea ice, high winds, strong water
currents, and limited visibility due to short dayit hours during the winter months.

To estimate air emissions from offshore oil sSpB&EM provided the following volumes of
crude and diesel that would be spilled was proviole8OEM (BOEM, 2014b):

1,700 barrels of crude leaked from underwater pipel
5,100 barrels of crude spilled from offshore platio
48 barrels of diesel spilled from offshore platform

It was assumed that wind speeds in the ChukchBaadifort Seas will average from 5 to 9 mph,
be directed primarily to the southwest and soutbd@dgate et al., 2004; Hopcroft et al., 2008),
and increase during the summer and fall when & iat its annual minimum. Surface water
currents in the central Chukchi Sea flow northwarhile currents along the North Slope
coastline flow northward along the coast to PoiatrBw and then either northward or eastward
along the North Slope shore. Given these typicabiveind water currents, it is expected that
when there is no sea ice, spills in the ChukchivBéide driven by wind away from the coast or
along the coast, while spills in the Beaufort Sdabe driven toward the shore. When the
surface is covered in sea ice, spills may be trdjpsea ice.

It was assumed that the composition of the crubeseid in modeling emissions from spills in
the Chukchi and Beaufort Seas will be equivalenh&h produced on the North Slope (Wang, et
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al., 2003). North Slope crude oil is heavy crudéwai VOC content of 33 percent and a HAP
content of 3.26 percent (API, 2011). The compositbbdiesel used in modeling emissions from
spills will be a commercial diesel with a VOC camitef 55 percent and a HAP content of 2
percent (API, 2011; Environment Canada, 2001). Bratpre emissions from the volume of oil
and diesel spilled were developed using evaporatmssion curves that quantified the range of
emissions from an offshore spill for different watemperatures. Film thickness of the spill is
not considered in evaporation calculations, as baoibe and diesel spread quickly on water.

The percentage of evaporation versus amount ofdiroarring after crude oil and diesel spills
associated with winter water temperatures@2and summer water temperature(jbare

shown in Figure 1V-7 (Wang, et al., 2003; Finga®)2) and Figure 1V-8 (Environment Canada,
2001; Fingas, 2002). These curves indicate that) @vthe coldest months, the majority of the
volatile content of spilled crude oil and diesell wvaporate within one to two days. Since most
toxic substances in oil tend to be those of lighteslecular weight, the air emissions of the first
few days will include the majority of the HAP (U.BPA, 1999). Given the quick evaporation of
the volatile components of crude oil and diesed, rsponse time of spill recovery teams will
have a direct impact on the total amount of evapaa@missions from any spill. Spills can
disperse over a wide area quickly in rough sea®PiF, 2014). The experience of cleanup crews
in Cook Inlet suggests that diesel spills will judlisperse within two days (Whitney, 2002).

Figure IV-7. Evaporative Emission Curves — Crude di
Data Sources: Wang, et al., 2003; Fingas, 2002

Figure IV-8. Evaporative Curves - Diesel Fuel
Data Sources: Environment Canada, 2001; Fingag 200
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a. Emissions from Qil Spill Responses

In addition to evaporative emissions from the spiimbustion emissions from the spill response
vessels will occur. These vessels include a vagéships that provide different services,
including the following types of vessels:

Oil spill response vessel.

Tug and oil spill containment system barge (operatiéshore).
Skimmer boats.

Work boats.

Oil spill response vessels vary in size
and capacity. Vessels operating in
Arctic waters are larger and with greater
spill cleanup capacity and have greate
holding capacity for recovered
petroleum products than similar vessel
operating in less extreme environments

A

O

The North Slope oil spill response fleet
includes theM/V Nanuq a U.S.-flagged
300-foot ice-class oil spill response Figure 1IV-9. M/V Nanuq

vessel, built for Shell by Edison Choues Image from Royal Dutch Shell Plc. © Used by Periniss
(Figure 1V-9). It is large enough to carry

three 34-foot work boats, several skimming boatd,acontainment boom. It is equipped with
two propulsion engines rated at 3,748 kW. (No datauxiliary engines on thel/V Nanuq

were available.)

In addition to theM/V NanuqtheM/V Aiviqis a
360-foot U.S.-flagged ice management vessel
used for towing and laying anchors for drilling
rigs and is also equipped for oil spill response,
having a 3,200-barrel holding capacity (Figure VY-
10). The vessel is intended to operate in
conjunction with theM/V Nanugin response to oil
spills.

The M/VAIvig was built in 2012 and is equipped
with four Caterpillar C280-12 4-stroke medium

speed engines that provide total propulsion power Figure IV-10. M/VAiviq

of 16,240 kW.There arelao two 2,000-kW shaft Online image from Wikipedia.
generators and four 1,700-kW Caterpillar 3512C  http://en.wikipedia.org/wiki/Aivig (August 6,
auxiliary diesel generators that provide power for 2014.)

onboard consumers, including the firefighting sgs{®leredith, 2012).
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The U.S.-flaggedrctic Endeavolts also part of the
North Slope spill response fleet. This vessel is a
205-foot ice-strengthened oil spill response barge
operating in the Beaufort Sea with a holding
capacity of 16,800 barrels. The barge also has a
suite of skimmers, work boats, containment booms,
and other equipment for use in oil spill cleanup.
The barge is towed by available tugs such as the
Point Barrow(Figure 1V-11), which is a U.S.-
flagged 85-foot tug equipped with two Caterpillar
Figure IV-11. Point Barrow Tug 3512 V-12 propulsion engines rated at 1,500 kW
Online image from Tugboatinformation.com. €ach and two Caterpillar 3304 auxiliary engines

http://www.tugboatinformation.com/tug.cfm?2iti with a maximum power rating of 75 kWs each.
115 (Accessed November 24, 2014.)

Skimmer boats are small, 75-foot boats wit
built-in oil skimmers, and are designed to bg
fast and maneuverable in and around ice. The
Uniaq Corporation has developed a
lightweight skimmer equipped with two
Volvo D6 330 engines providing a total
power of 500 kW (Figure 1V-12).

D

Six work boats were included in the oil spill
emissions estimates. These smaller vesseld
help set booms that confine and consolida Figure 1V-12. Skimmer Boat

product floating on the surface. Online image from Munson Boats.

Sp||| recovery fleets often include tankers t http://www.munsonboats.confAccessed: August 15, 2014.)
store and transport the crude oil, emulsion,

and free water that may be recovered from an dlil §iven the relatively small volumes of
product spilled in these oil spill scenarios, thaikable storage capacity associated with the
Nanugq, AivigandArctic Endeavotis assumed to be more than sufficient to store@ihe
recovered. Given the volume of the spills and tgpwave action, this assessment did not
include the option of in situ burning of spilled t@aal as it was not considered appropriate. In
addition, there is evidence that dispersants arsuitable for cold water spill responses and are
not approved for use in Alaska; therefore, vesast®ciated with applying dispersants were not
included in this analysis.

To assess emissions from the spill response aefiypower ratings of vessels currently in the
fleet were compiled for propulsion and auxiliarygeres. Typical operating loads were also
included along with an assumption that these vesgdlibe at sea for three days for a 1,700-
barrel pipeline leak; five days for a 5,100-bao#$hore platform crude spill; and two days for a
48-barrel diesel spill. The larger vessels werermassl to operate 24 hours per day, while the tug
and other boats were assumed to operate 12 haudapeTlable 1V-13 summarizes operational
characteristics for the oil response fleet.
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Table IV-13. Summary of Oil Spill Response Fleet ahOperations

Y- Power rating ( kW) Operatmg(o/l_oc))ad Factor | ours of To.tal KW Hrs. _
Propulsion | Auxiliary | Propulsion | Auxiliary CIZEIENE | Al Al
Nanuc 7,49¢ 70 50 144 1,079,42.
Aivig 16,24( 1,08( 70 50 144 2,338,56! 155,52
Point Barrov®
(towing Arctic 3,000 150 60 5( 72 216,000 10,800
Endeavor)
Skimmer boe 50C - 70 - 72 36,00(
Work Boats (6 10( - 80 - 432 43,20(
® Propulsion power is associated with fant Barrowtug and auxiliary power is associated with Aretic
Endeavorbarge.

Sources: Shell 2013; BOEM, 2014b

These activity data (kW-hrs) were applied to thePC&HGs, and NElemission factors. HAP
speciation profiles were applied to the PM comptsmiand VOC emissions to quantify the HAP
components. The emissions factors used for veasstxiated with the oil and gas industry were
assumed to be based on ULSD fuels (15 ppm). The €&nAiBsion factors applied to the vessel
activity data are shown in Section Il, Table II-1.

Spill response vessels emissions were calculated tise following equation:
E = kW-hrs x EF x CF

where:
E = Emissions (tons)
kW-hrs = Annual activity data (kilowatt-hours)
EF = Emission factor (g/kW-hrs)
CF = Conversion factor (g = 1.10231 x®11@n)

Example Calculation:

Total KW-hrs forAivig's propulsion engine are 2,338,560. The emissiotofdor NG is
9.8 g/kW-hr.

E = 2,338,560 x 9.8 x 0.00000110231
E =25.3 tons

Activity and emissions were allocated to the cadtad the closest active lease block to shore.

Factors that will affect uncertainty in the spithissions estimates include the following:
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Daylight and day length.

Presence or absence of sea ice.

Spill detection time and recovery team response.tim
Wind speed and direction.

Water temperature, current, and direction.

Type and amount of oil/fuel spilled.

Some of these factors vary seasonally. Becaus#l aapoccur at any time of the year, changes
in monthly temperature and wind speed can impacethission rate and ability of the spill
response fleet to address the spill. Strong watierars a function of wind speed, and rough seas
will impede or prevent recovery. Wave action migpgdled materials into the water column,
which will affect both emissions and recovery. Hmission estimates developed here are
derived from the volume of material spilled and YH@C content of the spilled material,
therefore, the evaporative estimates should benadde, although the period of the release may
be shorter when temperatures are warmer, wind spgedhigher and waves are larger,
compared to colder calmer periods with ice coverage

B. Onshore Oil/Gas and Non-Oil/Gas Related Sources

The onshore projected emissions represent anteddature year emissions for sources that can
reasonably be expected to be constructed and/oatepkin during a future year that is
consistent with the offshore projection scenariseSe sources, which are also listed in Table IV-
14 along with general assumptions used to estisraissions, include the following:

Onshore oil/gas related sources:

o Future new production facilities.

o0 New pipelines to transport future new offshore piciebn from locations in the
Beaufort and Chukchi Seas, across the North Stmpeet TAPS and other
existing pipelines.

o Liberty Island.

Airports, aircraft, and a supply boat terminal tgpgort increased offshore activities.
TAPS fugitive emission increases due to increasezlighput.
Non-oil/gas stationary point and area sources.

Sources and activities not addressed in this futeae scenario include existing onshore oil and
gas production facility activities and several raligas related stationary point and mobile
sources, as any prediction of future activitiestfese sources would be highly speculative at
this time. Also, note that no future (post-2012)ulations are anticipated to reduce future
emissions from the existing onshore oil and gaslypecton facilities and the existing non-oil/gas
related stationary point and mobile sources, with exception: Tier 4 diesel manufacturer
emission standards coming into effect in 2014. élilph these standards will serve to reduce
emissions from affected engines after 2012 as @dgines are replaced, the rate of turnover is
difficult to predict. Therefore, ERG did not estimahese reductions, which will provide a
conservatively high estimate of these emissionsniodeling.
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Table 1V-14. Projections Scenario for Onshore Soues

Group and Category

Growth Factor Basis

(Pos-2012) Control Factor Basi

Federal Reg

State Reg

Comments

Onshore
Oil/Gas
Related
Sources

Greater Moose’
Tooth Unit 1

First productior
expected in 2017

Point Thomsot
Production Facility

First productior
expected in 2016

As shown in EI¢
(BLM, 2014b)

Future new source, projected emissions based ar

No ADEC permit yet, but EIS indicates operational
emissions to be less than 100 tons/yr for eachriit
pollutant.

Potential revisions to the
NSPS OO00

regulations will be
reflected in permit

CD-5 Satellite a
Alpine

First productior
expected in 2015/2016

D

As permitte

Future new source. Projected emissions bast
permit limits (current permit issued June 12, 2013

with an amendment in August, 2014; ADEC, 2014).

Permit limits emissions to less than 165 tons/yr fo
each criteria pollutant.

As permitte

Future new source. Projected emissions bast
permit limits (current permit issued April 4, 20@&h

an amendment September 17, 2009; ADEC, 2013).

Permit limits emissions to less than 100 tons/yr fo
each criteria pollutant.

New processini
production base

New processing plant-
be built and operated

Potential revisions to tt
NSPS O0O00

Facility likely to
be major for

- Construction emissions based on Greater Moos
Tooth Unit 1 facility.

facility on Chukchi (BOEM, 2014b) regulations will be PSD and subject| . Operation emissions based on actual emissiong| of
coast reflected in permit to case-by-case |  Alpine Central Processing Facility currently
BACT limits operating on the North Slope (25 MMbbl/yr
production, scaled up to 200 MMbbl/yr).
New pipelines 20 miles of nev None - Construction emissions based on Greater Moosg’s
constructed and pipeline from Beaufort Tooth Unit 1 facility.
operated to transport | coast to existing . . - Fugitive emissions scaled to new activity using
new offshore pipelines New Tier 4 d|esel_ . same method as was used for onshore and TARS
production manufacturer emission pipelines.
- standards effective - —
75 miles of nev beginning i None - Construction emissions based on Greater Moosg’s
o . ginning in 2014 X "
pipeline from Chukchi (>56 kW) Tooth Unit 1 facility.
coast across North - Fugitive emissions scaled to new activity using
Slope to existing same method as was used for onshore and TARS
pipelines pipelines.
Liberty Islanc Constructiol New Tier 4 diese None Construction emissions based on Greater Moc
manufacturer emission Tooth Unit 1 facility.
Drilling standards effective None Emissions based on permitted onshore dril

beginning in 2014
(>56 kW)

operations.
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Table 1V-14. Projections Scenario for Onshore Soues (Continued)

Group and Category

Growth Factor Basis

(Post-2012) Control

Factor Basi

Comments

Federal Reg State Reg
Liberty Island Productiot Potential revisions to tr | Facility likely to | Operation emissions based on platform produc
(continued) NSPS O0O00O be major for estimates as noted in the offshore table. Actual

regulations will be
reflected in permit

PSD and subject
to case-by-case

emissions may be less than estimated emissions g
they are dependent on future permit conditions.

BACT limits
Airports, Airports Increased operations | EDMS emission factor | No applicable Growth factors based on national aviation projexg
Aircraft, and support increased include compliance with| state standards | (FAA, 2014)
Supply Boat offshore exploration federal and international for aircraft
Terminal and production engine exhaust standardsmissions
operating in state
air space
Chukchi Exploration | New facility New Tier 4 diese None Construction emissions based on Greater Moc
Air Support, Search & manufacturer emission Tooth Unit 1 facility
Rescue Bases standards effective
Chukchi Supply Bozg | New facility beginning in 2014 None Construction emissions based on Greater Moc
Terminal (>56 kW) Tooth Unit 1 facility. (Actual vessel emissions
covered above in Section IV.A for offshore sourceg.
TransAlaske Pump stations Growth based o None None Projection based on increased projection (2
Pipeline Fugitives (TAPS | increased throughput compared to BOEM full-buildout scenario). Increag
System and natural gas | (BOEM, 2014b) throughput remains under TAPS peak throughput
supply line) (from 1988) and any existing permitted limits.
Non-Oil/Gas Residential, No growtt Full ULSD None These sources have switched over (as of 2014) &
Stationary Commercial/ implementation high sulfur content (2,500 ppm) heating oil to adtr
Area Sources institutional fuel low sulfur diesel (15 ppm).
combustion

7 NSBSD schools
4 LRRS facilities
5 power plants
Service Area 10

Incinerator Plant

Source: BOEM, 201«

ADEC = Alaska Departme of Conservatio
BACT = best available control technology
EIS = Environmental Impact Statement

kW = kilowatt

LRRS =
MMbbl/yr = million barrels per year
NSBSD = North Slope Borough School District

lon¢range radar si

NSPS = New Source Performance Standard

ppm = parts per millic

PSD = Prevention of Significant Deterioration
ULSD = ultra-low sulfur diesel

TAPS = TransAlaska Pipeline Systems
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1. New Production Facilities

Projected emissions from future onshore oil andeygdoration and production facilities were
estimated using a combination of available infoiarabn the planned facilities and emissions
data for existing facilities. The four future pradion facilities of interest are:

Greater Moose’s Tooth Unit 1.

Point Thomson Production Facility.

CD-5 Satellite at Alpine.

Planned Chukchi coast processing production basit\fa

The methodology used to estimate projected emisdiom each of these facilities is based on
ADEC construction permits, BLM EIS, and actual esiugs estimates for similar facilities
already in operation on the North Slope. Each e$éhfacilities is discussed separately below.

a. Greater Moose’s Tooth Unit 1

The Greater Moose’s Tooth Unit 1 project is beimgertaken by ConocoPhillips. Unit 1 will be
located in the Alpine satellite field located iretNational Petroleum Reserve-Alaska (NPR-A),
to the west of the current Alpine Central Proceass$iacility. Emissions data for the proposed
project is available through the BLM (BLM, 2014B)mission sources at this location will
include a permanent line heater, fugitive equipniegits, and emissions from well intervention
and maintenance activities.

b. Point Thomson Production Facility

The Point Thomson project is being undertaken xoEXobil approximately 20 miles east of
the current Badami Production Facility. Unlike therent North Slope fields, Point Thomson is
primarily a natural gas play with an estimatedil8an cubic feet (TCF) of gas and 200 million
barrels of condensate. Construction on this fgatdgmmenced in 2008 and initial condensate
production into the TAPS is expected to begin te 015 or early 2016.

ADEC issued a revised construction permit for ta@lity on August 7, 2014 (AQ1201CPTO03)
(ADEC, 2014). Emission estimates for the Point ThRomProduction Facility are based on the
PTE for the greater emitting units listed in thenpie (as documented in the Technical Analysis
Report), and the emission characterization protiegeloped for existing sources as described in
Section III.A.3 of this report. As no operating putr for this facility will be issued until after it
begins production, emission estimates for nonrogihes associated with the facility are not
available (not required for construction permii)erefore, estimates for potential emissions
from nonroad engines are based on the emissiohgsandata for existing facilities presented in
Table I11-3. Actual emissions are estimated to 855, 41, 19, and 52 percent of potential
VOC, NQ,, CO, SQ, and PMo emissions, respectively, as described in Sectioh.8.a. PM 5
emissions are assumed to be equal tggrvhissions, and VOC and Rpvere used as
surrogates to scale emissions of volatile organecraetal HAP/PMs, respectively, using the
Alpine Production facility HAP emissions profilechas described in Section 11.A.3.a.
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c. CD-5 Satellite at Alpine

The CD-5 Satellite project is being undertaken lop@:oPhillips and will consist of a new
production drill site and well pad located approaisly 6 miles west of the existing Alpine field
in the NPR-A. Fluids from this well pad will be messed at the existing Alpine Central
Processing Facility. First production is expectethte 2015.

ADEC issued a revised construction permit for faality on September 17, 2009
(AQO945MSSOL1 Revision 2) (ADEQ, 2014). Emissiorimeates for the Alpine Satellite CD-5
facility are based on the PTE listed in the pefast documented in the Technical Analysis
Report), and the emission characterization protiegeloped for existing sources as described in
Section III.A.3 of this report. However, unlike tR®int Thomson Production Facility, the
Technical Analysis Report for this facility doeglide potential emission estimates for nonroad
engines. Estimates of actual emissions are estihtatee 38, 55, 41, 19, and 52 percent of
potential VOC, NQ@, CO, SQ, and PM, emissions, respectively, based on the analysis
conducted on existing permits as described in 8edti.A.3.a. PM 5, volatile organic and
HAP/PM, s emissions were estimated in the same manner &lsefdtoint Thomson Production
Facility.

d. New Processing Production Base Facility — Chukchi @ast

This new facility will be located on the westerrasbof the North Slope and will process fluids
from offshore platforms operating in the ChukchaSHo permit or existing data is available for
this potential facility, which will have an estineat maximum peak production of 200 million
barrels per year. Current oil production on thetN&lope is slightly less than 200 million
barrels per year.

Construction emissions for the new processingifgailere estimated based upon construction
emissions associated with Greater Moose’s Tooth U(AECOM, 2013). Based upon aerial
images of the largest existing North Slope proogskicility (i.e., the Alpine Central Production
Facility), the identified facility footprint was sually estimated to be 0.1 square miles (i.e., 0.5
miles by 0.2 miles). Although the throughput foe ffroposed processing facility has been
estimated to be eight times larger than the Al@eatral Production Facility, it is unlikely that
the footprint of the proposed processing facilityt ae eight times larger. ERG assumed that
facility footprint of the proposed processing fagiwill be 0.25 square miles (or 160 acres);
construction emissions for Greater Moose’s Tootlt Unvere scaled up based on the ratio of the
proposed facility footprint divided by the Greakoose’s Tooth Unit 1 pad footprint (i.e., 11.8
acres). Only emissions from the ice roads, grayvadis and pads, and facilities installation
construction activities (both on-road motor vehiafel nonroad equipment) were used for this
estimate. All of these construction activities ae&er Moose’s Tooth Unit 1 occurred over a
2-year period; it was assumed that this would atsour with the construction of the new
processing facility. Therefore, all estimated cangion emissions were multiplied by a factor of
0.50.

Emission estimates from operation of this faciéitg based on the emissions data generated for
the Alpine Central Production Facility as descriloie&ection 111.A.3.a, scaled up to reflect the
larger capacity of the planned Chukchi coast preingdfacility.
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2. New Pipeline Construction and Operation

Construction emissions for the two new pipelinebdéaonstructed and operated to transport new
offshore production to TAPS and the existing fequapelines were estimated based on
construction emissions associated with Greater klsosooth Unit 1 (AECOM, 2013). A total

of 20 miles of pipeline will be built for the Beaut Sea and 75 miles will be built for the
Chukchi Sea. Construction emissions for GreaterddtsoTooth Unit 1 were scaled up based on
the ratio of the proposed pipeline length dividgdh®e pipeline length associated with Greater
Moose’s Tooth Unit 1 (i.e., 8.4 miles). Only em@ss from the pipelines, power lines, fiber
optics, ice roads, and gravel roads and pads,amiities installation construction activities

(both on-road motor vehicle and nonroad equipmeste used for this estimate. The pipelines,
power lines, and fiber optics construction actestoccurred over a one-year period and the ice
roads and gravel roads and pads construction sesiviccurred over a two-year period. It was
assumed that this would also occur with the constm of the new processing facility. The
estimated construction emissions for the ice r@adsgravel roads and pads construction
activities were multiplied by a factor of 0.50; thstimated construction emissions for the
pipeline, power lines, and fiber optics construttaetivities were unadjusted.

Operation emissions from the two new pipelines vesténated by scaling the TAPS operation
emissions by the ratio of pipeline. The only TAR&K@tion emissions that were scaled were
pipeline fugitives, pigging operation emissionsd am-road patrol vehicle emissions; emissions
from other TAPS operations (i.e., aerial survettlamircraft, natural gas supply lines (fugitives),
and pipeline replacement and repair) were not estichas these are not expected to increase
with increased throughput.

3. Liberty Island Construction and Drilling

Liberty Island will be a self-contained offshoralldrg/production facility located on a
conventional gravel island with pipelines to shdree island will be built in Foggy Island Bay
in the Beaufort Sea in approximately 21 feet ofexat

The future emissions expected to be emitted byrtydsland will be due to its construction,
followed by drilling and production operations. Bleeare described separately below.

Construction emissions for Liberty Island wererastied based upon construction emissions
associated with Greater Moose’s Tooth Unit 1 (AECQW0I13). Construction emissions for
Greater Moose’s Tooth Unit 1 were scaled up basetthe ratio of the amount of gravel to be
used for Liberty Island (i.e., 790,000 cubic yar@®lp, 2000) divided by the amount of gravel to
be used for Greater Moose’s Tooth Unit 1 pad fantgr.e., 130,000 cubic yards). Only
emissions from the ice roads, gravel roads and, endfacilities installation construction
activities (both on-road motor vehicle and nonregdipment) were used for this estimate. All of
these construction activities at Greater Moose'stii®nit 1 occurred over a two-year period,; it
was assumed that the construction of Liberty Iskandld follow the same timeline. Therefore,
all estimated construction emissions were muligbg a factor of 0.50.
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The emissions estimates for the Liberty Islandidgloperation were derived from the Kuparuk
River Transportable Drilling Rigs Renewal Applicati(ADEC, 2012b), and the peak number of
production wells to be drilled as provided in th@BM scenario (BOEM, 2014b).

The PTE data from the Kuparuk Application is fong6lls; therefore, the per-well calculation
for each pollutant is based off the following eqoiat

ER=EM/n

where:
ER = Production drilling emissions factor for pollatai (tons per well)
EM = Emissions (tons/yr)
n = Total number of wells (30)

Example Calculation:

The projected number of wells for Kuparuk is 30 #mel potential emissions for N@re 2,664
tons per year for nonroad engines.

ER = 2,664/30
ER = 88.8 tons/yr per well

The BOEM AQ Scenario (BOEM, 2014b) provided anraate of peak production well drilling
at Liberty Island (eight wells). The projected pealling emissions were calculated using the
following equation:

ELi=ER xn,
where:
EL; = Drilling emissions at Liberty Island for pollutia | (tons/yr)
ER = Production drilling emissions factor for pollatai (tons per well)
n, = Peak number of wells at Liberty Island (wells pear: eight)
Example Calculation:

The projected number of wells for the Liberty Islgoroject is eight wells per year, and the per-
well emissions for NQfrom the Kuparuk data are 88.8 tons/yr.

ELi=88.8x8
EL; = 710.4 tons per year for all wells at Libertyaisdl
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C. Airports, Aircraft, and Supply Boat Terminal

As offshore activities increase on the North Slapeation is anticipated to increase
proportionally for transporting supplies and persginAdditional local helicopter and small
aircraft activities are also anticipated to inceesprovide necessary support to the offshore
platforms, as well as wildlife and pipeline surlaailce. This section of the projection scenario
includes aviation-related emissions that occuh@icinity of the airports, while the emissions
for the aircraft and helicopters that occur at/ribardrilling rigs, survey vessels, and
construction platforms are described in SectioiBIV.

The airport emissions were projected into the fitusing the FAA’s Air Traffic Activity (FAA,
2014) from the FAA's Aerospace Forecast Fiscal ¥&12-2032. Note these activities are
provided in terms of one LTO cycle comprising tveparate operations, landings and takeoffs.
For this study, operations were used only to dgvéie growth factors; to estimate aviation
emissions, LTO data were used for airports andgstats. The FAA projection activity data
account for changes in activity by aircraft typeronercial air carriers, air taxis, and general
aviation). The projected aircraft-type growth fastwere calculated by dividing year 2020
national activity data (assumed to provide a coraderely high level of growth, and
commensurate to a year that could be expectethéoBOEM full-buildout scenario) by the year
2012 national data for each aircraft type. Theguigd growth factors were then applied to the
2012 emissions data for each airport based onitti@fh categories.

The airport emissions growth factors were estimasetllows:
GF = PA/ BA

where:
GF = Growth factor
PA = Projected year activity (operations)
BA = 2012 activity (operations)

Example Calculation:

Commercial aircraft has 15,432.3 operations forpitigected year and 12,887.3 operations for
2012.

GF =15,432.3/12,887.3
GF =1.1975

The LTOs associated with offshore support helicepieere added to the FAA'’s projected
airport commercial and general aviation activitieted in Table IV-15. This table includes
activity for aircraft as well as APUs, which areahjet engines built into the aircraft to provide
power and assist with engine start-up and GSE,iwdnie nonroad engines involved in moving
the aircraft, transferring bags and luggage, fgedintivities, resupplying water and food, and
removing waste.
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Table IV-15. Projected Airport Activities

Airport Type LTOs

Aircraft 270

Badami APU 270
GSE 270

Aircraft 1,919

Barter Island LRRS APU 1,919
GSE 1,919

Deadhorse Aircraft 17,037
Aircraft 92

Galbraith Lake APU 92
GSE 92

Aircraft 11

Helmericks APU 11
GSE 11

Aircraft 186

Kavik River APU 186
GSE 186

Aircraft 1,129

North Kuparuk APU 1,129
GSE 1,129

Aircraft 1,035

Nuigsut APU 1,035
GSE 1,035

Aircraft 1,177

Point Lay LRRS APU 1,177
GSE 1,177

Aircraft 634

Wainwright APU 634
GSE 634

Aircraft 7,123

Wiley Post-Will Rogers APU 7,123
GSE 7,123

Sources: FAA, 2013; BTS, 2014; U.S. EPA, 2013b

The projected LTOs were compared to the 2012 LTiase growth factors were applied to the
2012 emissions to project emissions. These emissiene assigned to the location for the
appropriate airport.

In support of increased aircraft activities, a nembf additional facilities will need to be built,
including the following: an Exploration Base, arr Support Base, and a Search and Rescue
Base. Also, a new Supply Boat Terminal will be btal support increased offshore production in
the Chukchi Sea. ERG assumed that the Exploratase Bthe Air Support Base, and the Search
and Rescue Base will all be built as an expansi@antexisting airport. It was also assumed that
the Supply Boat Terminal was collocated with thedurction base processing facility, even
though it is a separate and distinct facility.
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The exact size of these four facilities is not knoBecause these facilities will be adjacent to
other existing or proposed facilities, the fagigiare not expected to be extremely large. The
following facility sizes were assumed:

Exploration Base — 20 acres.

Air Support Base — 20 acres.

Search and Rescue Base — 15 acres.
Supply Boat Terminal — 10 acres.

Construction emissions from these four facilitiesrgvbased on construction emissions for
Greater Moose’s Tooth Unit 1, scaled based onatie of the proposed facility footprint divided
by the Greater Moose’s Tooth Unit 1 pad footprirg.( 11.8 acres). Only emissions from the ice
roads, gravel roads and pads, and facilities iaskah construction activities (both on-road
motor vehicle and nonroad equipment) were usethferestimate. All of these construction
activities at Greater Moose’s Tooth Unit 1 occurosdr a two-year period; it was assumed that
this would also occur with the construction of #nésur new facilities. Therefore, all estimated
construction emissions were multiplied by a factb®.50.

D. TransAlaska Pipeline System

The future year increased production (i.e., 200ionilbarrels per year) will affect some of the
existing emissions associated with the TAPS. Acogrtb APSC statistics, the 2012 TAPS
throughput was 200,518,907 barrels (Alyeska, 204@3}he future year increased production will
effectively double the TAPS throughput.

ERG assumed that the following emissions sourcescaged with the TAPS will increase with
increased production throughput: pump stationlpip fugitives, and natural gas supply line
fugitives. A review of five pump station inventasi@.e., 2002, 2005, 2008, 2011, and 2013)
from ADEC’s on-line Point Source Emissions Invegt@hDEC, 2014) indicated a general trend
of decreased pump station emissions with decreaingghput. Conversely, increased
throughput should result in increased emissionsurewear emissions for pump stations,
pipeline fugitives, and natural gas supply lineitivgs were estimated by doubling the 2012
emissions. It was assumed that future year emssi@hnot increase for on-road patrols, aerial
surveillance, pigging operations, and pipelineaepiment and repair.

E. Non-Oil/Gas Stationary Point and Area Sources

With regard to the non-oil and gas sources (iaurees in the North Slope villages), use of
ULSD in all equipment and vehicles is expected @472 Year 2012 emissions modeling of on-
road motor vehicles and nonroad mobile sourcesceaducted using ULSD; however, a
number of point sources (i.e., seven schools, AauForce LRRS facilities, five power plants,
and the Service Area 10 incinerator) and two apeace categories (i.e.,
commercial/institutional fuel combustion and resigkd fuel combustion) used heating oil with a
higher sulfur content (i.e., 0.25 percent or 25ptp To account for the use of ULSD in these
sources, their future year $@missions will be reduced by 99.4 percent (i@responding to a
shift from 2500 ppm sulfur content of heating oilt5 ppm sulfur content of ULSD).
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V. QUALITY ASSURANCE/QUALITY CONTROL ACTIVITIES

In preparing the Arctic AQ Modeling Study emissiomgentory, ERG closely followed the
procedures outlined in ti@uality Assurance Plan for Arctic Air Quality Impga&ssessment
Modeling Study: Emission Inventory

As outlined in the Quality Assurance Plan, ERG’s Qdordinator conducted the following QA
coordination and data management activities:

Ensured that archival procedures, backups, andhatee storage facilities were in place
for each specific dataset developed during theystud

Ensured that datasets are formatted properly #®imnusear- and far-field modeling, and
for use in evaluating the emissions exemption tioleks.

Ensured secure transfer of data files for all data BOEM and within the ERG
inventory.

Reviewed the QC procedures conducted by the ERéntovy team.

Ensured the data utilized were of known and highliusuch that the project objectives
and data quality objectives (DQOSs) were met.

Audited the project files to ensure that the ER@&mtory team used appropriate
methodologies to document the data quality andiéhlieerable review process.

A. Data Collection

Development of the emissions inventory consisteddeftifying onshore and offshore emissions
source categories to be included in the inventanyg collecting, compiling, and reviewing
secondary data such as activity data (e.g., hdwperation, fuel usage, production data) for
each emission source category and emission faatarfdr each emission source. This project
did not include collecting any primary data (espurce testing, surveys). The ERG inventory
team collected and reviewed activity data and eaomsfactor data to determine usefulness in
developing inventory estimates for each sourcegcae Priority was given to quantitative data
that were reasonable, complete, and defensible.

Data collection efforts were coordinated so theE&RG inventory team members understood the
project goals and DQOs. Following the kickoff dissiwns with BOEM staff and submittal of

the Protocol, ERG had an internal team meetingsicuds and verify data collection efforts for
each emission source category. The ERG inventam eiscussed the key data needs and
quality requirements relating to developing thessmin inventory for the BOEM Arctic

Modeling Study and defined the procedures that evbelused to identify these data. The ERG
Project Manager confirmed that each team membealwear understanding of the project
objectives and deliverables and the data (and theility) needed to support those deliverables.

All original information gathered during the courskthis project has been retained in the
project file and includes reports, spreadsheetsapbdaes, and other data gathered for emission
inventory development, and all other pertinent daad information relating to this project.
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B. QA/QC Activities Implemented

After collecting and compiling the secondary datadach emission source category, the ERG
inventory team members reviewed the data to identiésing data and outliers. In addition, the
team attempted to verify the activity data and sirsfactors by replicating them from a second
reference source. In addition, a staff member whe mot involved in the initial identification

and collection of the data independently checketh €ata point to verify the correct value and
units.

All information used to develop the emission estesavas checked and verified for
reasonableness to the extent possible, primarikepiicating the values through independent
sources. All calculations were checked by a sesbaii member who attempted to replicate the
values by independently applying the input values @sumptions to see if the same results
could be produced. Data that were found to be qredile were examined in greater detail to
determine what errors might be present and whatstadgnts were needed. If data were revised
or rejected, the procedures and assumptions usedtixaroughly documented. The Project
Manager and Principal Investigators (PIs) reviewed approved all data adjustments.

In cases where quantitative data were created R inventory team checked them to ensure
their accuracy and reasonableness (i.e., avoiditrgraely low or high values that are indicative
of errors). Data that were found to be questionaldee examined in greater detail to determine
what errors might be present and what adjustmeats weeded. If data were revised, the
procedures and assumptions used were thoroughlyntkrted. The Project Manager and Pls
reviewed and approved all data adjustments. Allfi@dings were documented in the project file
and in this final report.

Table V-1 summarizes the emission source categmoésded in the inventory, the data used to
develop emission estimates, and the QA/QC actsvitigolemented.

Table V-1. Data Gathering, Emission Estimation, andQA/QC Activities Implemented
for the Arctic AQ Modeling Study Emissions Inventoty

Csa?: g;%?y Emission Source Activity Data ActSI\gLyrclizta A%ﬁ(/ %gs
Onshore Oi | - Drilling/exploration - Well production | - 2011 ADEC - Independent
and Gas - Well pads data point source calculations
Fields . Processing plants, - Well completion inventory . 10% data

gathering centers, flow and drilling data | - Permits and check
stations permit
Support facilities applications
(injection, seawater - 2011 NEI
treatment) - EPA Qil and
Gas Tool
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Table V-1. Data Gathering, Emission Estimation, andQA/QC Activities Implemented
for the Arctic AQ Modeling Study Emissions Inventory (Continued)

Ci?:g;((:)?y Emission Source Activity Data ACtSI\gLerI?;ta A%ﬁ(/ %gs
Offshore Oll Seismic survey vessels Offshore vessel Offshore - Independent
and Gas Drilling rigs fleet drilling permits review of
Activities Spill response vessels Active lease Seismic Survey|  calculations/

Supply vessels blocks Environmental database
Tugs/barges Survey vessel Assessment queries
Crew boats routes BOEM - Comparison
Shuttle tankers Harbor information with
Pipelaying vessels vessel/activity (full-buildout comparable
Production platforms data scenario) arctic data
Projected activity] - Community datg
data Arctic Council
research plans
TAPS Pumping stations Survey flight ADEC - Independent
On-road patrol vehicles activity data APSC review of
Aerial surveillance Road patrol Alyeska calculations/
aircraft activity data aviation database
TAPS fugitives Operational surveillance queries
Natural gas supply line information data
fugitives Pigging
Pigging operations measurements
Pipeline replacement Construction
equipment
activity
OnshoreNon- Commercial/institutional Fuel statistics Tribe/village - Independent
Oil and Gas fuel combustion VMT corporation calculations
Sources and Residential fuel Vehicle/ ADOT&PF
Activities combustion equipment Alaska DMV
On-road motor vehicles populations NSB
Nonroad mobile sources Fuel sales and AEA
Paved road dust characteristics
Unpaved road dust Speed
Waste burning distribution
Power plants Meteorological
Other stationary sources data
Supply vessels Silt loading/
Research vessels content
Waste quantities
Airports Commercial aviation Aircraft/ Airport - Independent
aircraft helicopter operators’ local review of
General aviation aircraft activity data data calculations/
Ground support Aircraft fleet FAA TAF data database
equipment data EPA airport queries
Deicing Deicing data - Comparison
Heating operations Helicopter of operator
Aircraft maintenance Fuel oil service data with
Aviation fuel storage & consumed company data FAA and
distribution Aviation fuel EPA data
through put
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Table V-1. Data Gathering, Emission Estimation, andQA/QC Activities Implemented
for the Arctic AQ Modeling Study Emissions Inventory (Continued)

Source . - Activity Data QA/QC
Category Emission Source Activity Data Sl TG Activities
Oil spills - OCS pipeline spill - Pipeline/Platform| - BOEM spill - Independent
Platform spill throughput model data review of
BOEM modeled | - BOEM calculations/
spill rate projected database
production rate gueries
- Comparison
with
comparable
arctic data
Source: ER(

1. Spreadsheets and Databases

Electronic spreadsheets and databases developee pnoject conformed to ERG'’s internal
Standard Operating Procedures (SOPs). Each spesdsid database contains documentation
of the project name, contract number, ERG intemaaking number, who prepared the sheet,

and on what date. All spreadsheet data fieldsudhgdnd properly labeled. All assumptions,
constants, conversion factors, equations, etc. ins# spreadsheet or database and calculations
are clearly defined. All data are fully explainetlacompletely transparent and reproducible. At
least 10 percent of calculations were independeefiicated to ensure accuracy. References for
all input data parameters are provided in the sjstesets and databases.

2. Documentation

The entire process used to develop the Arctic AQIdiog Study emission inventory has been
fully documented from start to finish. All procedsrand data sources used to determine
emission estimates are clearly and transparentiggmted such that BOEM can replicate any
part of the process. Providing interim products imedrporating BOEM review comments
enhanced the completeness and quality of the dawatnen in the final report.

The results of all project QA/QC activities are eeyed in this project report in each emission
source category section, including the QA/QC attisithat were performed, the results of the
investigations, and data corrections that wereaemginted to address any identified deficiencies.

3. Peer Review

The SRG reviewed the Emission Inventory Protoaad, #neir comments were addressed and
incorporated. The SRG is concurrently reviewingrgmults of the draft emission inventory and
documentation with BOEM. Responses to commentsuetdrom both the SRG and BOEM
will be addressed within the final Arctic AQ Modelj Study emissions inventory.
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In addition to the SRG, ERG used a senior techipieat reviewer to review all methods and
results of the work. ERG’s senior peer reviewer wmaslved in the initial planning stages of this
project to ensure the planned approaches wereitatlgrsound and reviewed and checked the
quality of all final products prior to submittal ROEM to ensure the project procedures were
properly implemented. Editorial staff reviewed flveject report to ensure its clarity and
editorial quality. The Project Manager and Pls atsoewed and signed off on all deliverables.

C. Blending/Merging of Sector Emissions Inventories

Prior to developing emission estimates, ERG deedagmission inventory templates for each
sector (point, nonpoint, onroad, and nonroad). tEnglates presented the required and
necessary data fields, types of data fields (gegt, numeric), size of the data field, assigned
primary keys, and description. The final list ofaléields also satisfies the requirements needed
for air quality modeling in the future. ERG inventdeam members populated the templates for
their respective sectors and submitted the filadkeédData Manager. Tables A-22 through A-25
in Appendix A present these templates.

All data were housed in a Microsoft Access datapabéch provided the optimal flexibility in
data management, QA, reproducibility, and transpareThe ERG Data Manager reviewed
every emission record to ensure that it met thairements, as prescribed in the EI Protocol.
Such checks included:

Standardizing consistent information, such as adjm@ty, state, facility identifiers, and
NAICS codes for the individual facilities.

Ensuring that each emission process had a uniq@a@ not multiple SCCs per
process.

Checking that the emission inventory codes use@ werrect. These include SCC,
pollutant code, emissions type code, emission sel&ygpe code, and control information
codes.

Checking stack and fugitive parameter parametersdosistency.

Applying default stack and fugitive parametersrfussing data.

Checking interrelationships of the pollutant enassi such as ensuring that M

PM, s emissions.

Visually plotting point sources to ensure theydesn the designated areas of interest.
Comparing reported pollutants and source categorigge emissions inventory files to
the ones listed in the EI Protocol.

When errors or data inconsistencies were identitieel ERG Data Manager conferred with the
applicable ERG inventory team member for resolut@hsubmittal files, whether used or not,
are retained in the project file.

The ERG Data Manager generated emission summantegrasented them to the ERG
inventory team members to validate that the emisegtimates translated correctly into the
master database. Discrepancies that were identifezd resolved. Once the emissions inventory
files were finalized, ERG performed two additiopabkt-processing emission estimates:
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For Coarse PM, the PM emissions were subtracted from the g ®missions.
For CQe, GWP factors were applied to the GHG pollutastshown in the following
equation:

#+ - [0/ 1 N& 1
where:

COrze = Carbon dioxide equivalent, tons/yr

GHG = Mass emissions of each greenhouse gas, tons/yr

GWR = Global warming potential for each GHG in the intay (IPCC, 2007)
(CO,=1; CH, = 25; NO = 298)
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VI. EMISSIONS INVENTORY RESULTS

The emissions inventory developed using the methodsdata described in this report are
summarized in the following tables and figures.eimwory uncertainties and recommendations
for future improvements to the emissions inventdsp are discussed.

A. Baseline Emissions Inventory

Tables VI-1, VI-2, and VI-3 summarize the basekmaissions inventory for CAP, GHGs, and
other pollutants (i.e., HAP, 43, and NH), respectively. In the baseline emissions inventor
offshore sources include emissions from seismigesuvessels, drilling rigs, and survey/drilling
support aircraft and vessels; CMV; and, researsBels. Onshore sources include oil and gas
activities (i.e., seismic surveys, exploratorylarg, and oil and gas production); airports,
aircraft, and GSE; TAPS; and non-oil and gas rdlatationary and mobile sources.

These tables show that emissions from onshore esumdhe baseline inventory are much larger
(i.e., by two orders of magnitude for most pollugrnhan emissions from offshore sources. This
result is not unexpected given that the offshoreses that operated during this time were
limited to a very small number of sources as coepéo the onshore sources.

Table VI-1. Summary of Baseline Emissions — Crited Air Pollutants (tons/yr)

Pollutant
Sector
NOy SO, \Y/ole co PMio PMys Pb
Offshore 1,816.3 38.2 1060 248.6 35.8 27.2 005
Onshore 45,733.9 1,235|2 2,886.1 14,001.9 35,643.94,770.8|  0.325
Total 47,550.2 1,273.3 2,992.0 14,250.5 35,679.7 7980| 0.330
Table VI-2. Summary of Baseline Emissions — Greenluge Gases (tons/yr)
Sector Pollutant
CO, CH, N,O CO,¢
Offshore 139,982.5 0.8 6/5 141,932.6
Onshore 13,567,667.]1 8,791.9 29.1 13,796,1B4.6
Total 13,707,649.6 8,792.7 3516 13,938,06).2

¥ Calculated using GWPs from IPCC (IPCC, 2007).

Table VI-3. Summary of Baseline Emissions — Otherdtlutants (tons/yr)

Pollutant
Sector HAP H»S NH;
Offshore 18.1 0.0 0.Y
Onshore 390.7 16.4 414
Total 408.4 16.4 5.2

VI-1
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Figures VI-1 through VI-6 provide the relative colbtitions of various sources to the baseline
emissions inventory for selected CAPs,£Cand HAPS, respectively. These figures show that
onshore oil and gas sources are the largest coturbto the baseline emissions inventory. In
particular, onshore oil and gas sources are thgopngant sources of N@nd CQe in the
inventory (i.e., two orders of magnitude largentlogher sources). Unpaved road dust
contributes over 96 percent of the total BEmissions, and about 70 percent of the total £#M
emissions. A few other sources are also signifigantuding other nonroad vehicles/equipment
(VOC and HAPs); waste incineration, combustion, mdifills (VOC); and onroad gasoline
trucks (HAPS).

=%

Figure VI-1. Baseline Emissions by Source — NO

Figure VI-2. Baseline Emissions by Source — VOC
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Figure VI-4. Baseline Emissions by Source — PM
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Figure VI-6. Baseline Emissions by Source — HAPs

Table VI-4 shows the baseline emissions inventoryhe onshore oil and gas sector, by source
category. This table provides the total emissiongtyr) by pollutant and source category within
the onshore oil and gas sector, as well as theepexge of the total pollutant emissions
contributed by each source category. As can be geeduction accounts for the majority of
emissions generated within the sector.
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Table VI-4. Selected Baseline Emissions from Onsh®Oil and Gas, by Source Category

Exploratory Oil and Gas SeismicSurvey
Pollutant Drilling Production Equipment Total
Tons/yr 1,388.: 42,260.: 144.1 43,792..
NO, Percent of Tot: 3% 97% <1% 100%
Tons/yr 42.1 1,049.( 9.t 1,100.¢
SO, Percent of Tot: 4% 95% 1% 100%
Tons/yr 354.; 1,707.. 2.7 2,064.1
VvVOC Percent of Tot: 17% 83% <1% 100%
Tons/yr 318.( 8,967.! 31.C 9,316.!
CcO Percent of Tot: 3% 96% <1% 100%
Tons/yr 19.C 1,168.¢ 10.1 1,197.7
PM; Percent of Tot: 2% 98% <1% 100%
Tons/yr 108,823. 13,185,512, 5,390.: 13,299,725.
COse Percent of Tot: <1% 99% <1% 100%
Tons/yr 16.4 168.¢ 0.1 185.1
HAP Percent of Tot: 9% 91% <1% 100%

B. Emissions Inventory Projections

Tables VI-5, VI-6, and VI-7 summarize the emissiangntory projections for the CAPs,

GHGs, and other pollutants (i.e., HAPsS;and NH), respectively. These tables show
projection emissions for the offshore sources baseBOEM “fully built out” scenario (BOEM,
2014b), and for the onshore sources reasonablyceegb#o occur and that are affected by
increased offshore production and exclusive udgL&D fuel in selected onshore point and area
sources. The BOEM scenario, along with the methdals and assumptions used to estimate the
projections are described in detail in Section f\this report.

Note that the projected emissions described ind#sion do not represent the tdtalire year
projected emissions. The projected emissions ictudy those sources and activities that are
expected to changee., increase or decrease) in the future. Fumbee, the future year

projected emissions should not simply be addetlé®012 emissions of the sources that are not
expected to change to calculate total future yeasgons because onshore oil and gas emissions
from existing facilities, and emissions from coastion and operation emissions from new
facilities will likely not all occur during the sasryear. Future work by ERG and ENVIRON to

be conducted during the modeling phase of the BQ¥dtic AQ study will define which

specific sources should be modeled to determingdudir quality impacts; at that time, the total
future year inventory will be calculated.

These tables show that the emissions projectetthdéooffshore sources are distributed nearly
equally across sources anticipated to operatesiBdaufort and Chukchi Seas in the future.
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Table VI-5. Summary of Emissions Projections — Crigria Air Pollutants (tons/yr)

Pollutant
Sector NOy SO, VOC CO PM ¢ PM, - Pb
Offshore — Beaufort Sea 7,474.2 561.3 417.8 1,484.6174.5 144.5 0.01Y
Offshore — Chukchi Sea 6,961.9 768.5 358.1 1,58.5173.2 149.7 0.013
Onshoré 17,067.9 341.5 894.11 7,407.7 952.7 879.2 0/105
Total 31,504.0) 1,671.3 1,665.0 10,420.8 1,300.4 734 0.135

 Includes only emissions from new sources and fromnces expected to chanunderthe projectior
scenario (i.e., future new oil and gas productamilities; new pipelines; Liberty (gravel) Islaradrports,
aircraft and supply boat terminal; TAPS; and ceartain-oil and gas stationary point and area sojurces

Table VI-6. Summary of Emissions Projections — Graghouse Gases (tons/yr)

Pollutant
Sector CO;, CH, N,O CO,e*
Offshore — Beaufort Sea 1,293,500.1 52,3715.3 181.9 2,657,097.2
Offshore — Chukchi Sea 1,532,252.9 73,618.2 242.4 ,4443057.2
Onshor8 18,359,826.4 26,601.4 76|8 19,047,753.7
Total 21,185,579.6 152,594.8 5012 25,149,808.2

& Calculated using GWPs from IPCC (IPCC, 20

® Includes only emissions from new sources and fronnces expected to change under the projection
scenario (i.e., future new oil and gas productamilities; new pipelines; Liberty (gravel) Islaradrports,
aircraft and supply boat terminal; TAPS; and ceartain-oil and gas stationary point and area sources

Table VI-7. Summary of Emissions Projections — OthePollutants (tons/yr)

Pollutant
Sector HAP H»S NH;
Offshore — Beaufort Sea 68|13 0 4.3
Offshore — Chukchi Sea 559 0 1.8
Onshoré 71.9 0 0.002
Total 196.1 0 4.1

 Includes only emissions from new sources and froances expected to chanunder the
projection scenario (i.e., future new oil and gexdpction facilities; new pipelines; Liberty
(gravel) Island; airports, aircraft and supply baiminal; TAPS; and certain non-oil and gas
stationary point and area sources).

Tables VI-8, VI-9, and VI-10 show the projectedsbibre emissions by source for the CAPs,
GHGs, and other pollutants (i.e., HAPsS;{and NH), respectively. The largest contributors to
the projected offshore emissions are platform dmeraresupply of drilling vessels, pipelaying
activities, production support, and drilling vessel
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Table VI-8. Offshore Emissions Projections by Souke— Criteria Air Pollutants (tons/yr)

Pollutant

Source NOx SO, VOC CO PM ¢ PM, - Pb
Survey Operations 5538 0|5 28.3 62.9 8.6 6.3 0]001
Exploratory Drilling 6,550.8 12.3 4421 1,043.2 138 102.2 0.021
Pipelaying and Support Vessels 1,70p.1 1.0 87.0 4191 26.3 19.3 0.004
Platform Construction 537.9 0/6 30.5 62.5 14.0 10.30.002
Platform Operations ar
Support Vessels 5,061]7 1,306.0 181.7 1,650.1 159.0154.8 0.002
Spills 26.8 9.4 1.2 3.1 1.6 1j]3  0.00p2
Total 14,436.1] 1,329.9 770.9 3,013.1 347.7 294.3 030

Table IV-9. Offshore Emissions Projections by Soue— Greenhouse Gases (tons/yr)

Pollutant

Source CO;, CH, N,O CO,e*
Survey Operations 36,8053 0.2 1.7 37,332.2
Exploratory Drilling 572,142.72 3.5 27.0 580,393.1
Pipelaying and Support Vessels 112,413.0 0.7 5.4 4,0BY.8
Platform Construction 60,0247 0|4 3.9 60,890.4
Platform Operations and Support Vesse|s 2,042,439.1125,988.7| 387.3 5,307,451 6
Spills 1,928.6 0.0 0.1 1,949)3
Total 2,825,753.0 125,993.6 42414 6,102,05¢4.4

& Calculated using GWPs from IPCC (IPCC, 2007).

Table VI-10. Offshore Emissions Projections by Sowe — Other Pollutants (tons/yr)

Pollutant

Source HAP H»S NH;
Survey Operations 4.8 0 0f2
Exploratory Drilling 75.5 0 2.7
Pipelaying and Support Vessels 14.8 0 0.5
Platform Construction 5.2 D 03
Platform Operations and Support Vessels 23.6 0 0.3
Spills 0.2 0 0.03
Total 124.2 0 4.

Tables VI-11, VI-12, and VI-13 show the projectetbore emissions by source for the CAPs,
GHGs, and other pollutants (i.e., HAPsSiand NH), respectively. The largest contributors to
the projected onshore emissions are the new oibasgroduction facilities (i.e., CD-5 Satellite
at Alpine, Greater Moose’s Tooth Unit 1, Point Trsmm Production Facility, and the new
Chukchi Sea Processing Facility).
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Table VI-11. Onshore Emissions Projections by Souec— Criteria Air Pollutants (tons/yr)

Pollutant

Source NOx SO, VOC CO PM ¢ PM, - Pb
New oil and gas production facilities13,425.3 207.3 541.9 3,431 729.1 70B.1
New pipelines 713.1 1.4 557 398. 98.1 5B.4
Liberty (gravel) Island 1,271.9 922 83.0 442. An. 411 0.001
Airports, aircraft, supply bog
terminal 391.1 10.3 44.5 510 26.6 25.3 0.103
TAPs fugitives 685.1 24.3 137,3 2,438. 37.9 37.6.0004
Selected nc-oil/gas stationar
point and area sources 581.4 5.8 31.7 189.9 19.2 8 (18).0003
Total 17,067.9 341.5 894.1 7,407 952.7 87D.2 B.J10

Table VI-12. Onshore Emissions Projections by Souec— Greenhouse Gases (tons/yr)

Pollutant
Source CO;, CH, N,O CO,e*

New oil and gas production facilities 17,344,350.1 19,654.2 37.4 17,846,864{2
New pipelines 164,394.5 2.9 3.5 165,487|9
Liberty (gravel) Island 230,215.6 6,792.6 22.6 768, 7
Airports, aircraft, supply boat terminal 94,151.0 A1 1.4 94,599.1
TAPs fugitives 396,815.3 34.2 10.1 400,677.5
Selected non-oil/gas stationary point and areacssut 129,900.1 116.8 1]8 133,361.3
Total 18,359,826.6 26,601.4 76|8 19,047,758.7

& Calculated using GWPs from IPCC (IPCC, 2007).

Table VI-13. Onshore Emissions Projections by Souec— Other Pollutants (tons/yr)

Pollutant
Source HAP H»S NH;

New oil and gas production facilities 49.7 0

New pipelines 4.4 0 0.002
Liberty (gravel) Island 4.1 0

Airports, aircraft, supply boat terminal 716 0

TAPs fugitives 5.0 0

Selected non-oil/gas stationary point and areacgsur 1.2 0

Total 71.9 0 0.002

VI-8
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C. Emissions Inventory Uncertainty

There are uncertainties associated with the enmissstimation methods for the sources
addressed in the baseline emissions inventoryeiisas/in the emissions inventory projections.
Overall, the use of emission factors combined adtivity data (e.g., amount of fuel combusted,
vessel activity KW-hrs, aircraft travel distancefs.) results in an approximate estimate of
emissions, and does not reflect actual emissiotistiwve same accuracy that direct source tests
would yield. In the absence of direct source tesadother limitations are due to the availability
of source-specific data, such that surrogate data §imilar sources is needed to ensure
completeness of the inventory in terms of sourceei@d and pollutants included. If the
surrogate data selected are not fully represestatithe intended sources, uncertainty is
introduced. In using surrogate data, uncertairgg afises based on the assumptions that must be
made in order for the inventory to be complete.

1. Baseline Emissions Inventory Uncertainty and Recomnaations

The following discussion highlights some key unaties in the data and emission estimation
methods used to estimate the baseline emissioastiony for the Arctic AQ Modeling Study.

In terms of priority, the sources that contribute greatest emissions to the total baseline
inventory (by pollutant) are the onshore sourcedpbows:

Oil and gas production (greatest NOOC, SQ, CO, CQe, and HAP emissions).
Unpaved road dust reentrainment (greatestoRidd PM semissions).

The remainder of this discussion focuses on themaioities associated with estimating
emissions from these most important sources, ahk@snseveral recommendations to help
address these uncertainties in the future. ERGpaisades a listing of uncertainties associated
with the smaller sources.

a. Onshore Oil and Gas Production

The NEI is the best source of data to estimatesoms from onshore oil and gas production
sources, although the NEI does not include smahés at covered sources (i.e., Title V
permitted facilities). Permit data were availatdethese smaller units; however, for all
pollutants except HAPs and BMestimates for these pollutants were developed ushig and
PM; sdata for larger emission units reported under tB& Nthe NEI also does not include non-
Title V facilities operating on the North Slope. Esions for these sources were estimated by
analyzing emissions and equipment data for theetaiagilities in the NEI, combined with
detailed information available in permits and pérapplications for the non-Title V facilities.
Neither the NEI nor the ADEC permits or permit apgaions include emissions from
compressor seals and fugitive equipment leaks. Mewemissions from these sources are
reported under the GHGRP, and so the GHGRER &€3timates were used to estimate VOC and
HAP emissions. Finally, no North Slope oil fieldsta were available to estimate emissions from
mud degassing; therefore, emission estimates \akemtirom EPA’s Nonpoint Oil and Gas
Emission Estimation Tool.
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Recommendations for alleviating these uncertaintidgture versions of the emissions
inventory for onshore oil and gas production ineluke following:

Evaluate emissions data submitted to ADEC for 201determine if source type
coverage has been expanded (particularly for igikiources given pending renewal of
several Title V drilling permits).

Conduct additional research on mud degassing emssso obtain North Slope-specific
data.

Contact North Slope operators to assess currentFREHE&nissions data and coverage of
sources/facilities as GHGRP reporting requiremehgnge.

b. Unpaved Road Dust Reentrainment

An important source of uncertainty associated witpaved road dust is the lack of robust local
silt and moisture content samples for the Nortlp&haillages. A single measured silt content
value of 25 percent measured on the Dalton Highavalya default moisture content value of 0.5
percent was used to estimate unpaved road dussiemss Examination of the empirical
unpaved road dust emission estimation equationsates a linear relationship between silt
content and the estimated emission factor. A 26gmerincrease in silt content (i.e., from 25
percent to 30 percent) increases the unpaved mastcedhission factor by 20 percent; likewise, a
20 percent decrease in silt content (i.e., fronp@gent to 20 percent) decreases the unpaved
road dust emission factor by 20 percent. The aeiahip between moisture content and the
estimated emission factors is inversely relatedsandller than for silt content. A 20 percent
increase in moisture content (i.e., from 0.5 pert@®.6 percent) decreases the unpaved road
dust emission factor by almost 4 percent, whil® g&rcent decrease in moisture content (i.e.,
from 0.5 percent to 0.4 percent) increases thevwatpbeoad dust emission factor by slightly more
than 4 percent.

To address these uncertainties, ERG recommendsilthabd moisture content sampling be
conducted in the North Slope villages following #anpling procedures detailed in Appendix
C.1land C.2 of U.S. EPA’s AP-42 (U.S. EPA, 199%mpling should be conducted during time
periods without measurable precipitation and redidnow/ice cover (i.e., primarily during the
summer). Additional care should be taken to enthakrepresentative sampling is conducted
with consideration of local traffic patterns, pelioroad grading, and community dust control
efforts.

c. Other Emissions Inventory Uncertainties

Uncertainties associated with the development@biifshore emission estimates for oil/gas
related sources stem from the assumptions madsiemic surveys regarding the operating load
factors. In addition, information on exploratorylldrg operations in the Beaufort Sea was
incomplete; Chukchi Sea drilling permit data wesedito gap fill for the missing Beaufort Sea
information. Also, additional vessels not coverader the drilling permit were not included in
this inventory because details concerning thesselesvere not available. These additional
vessels were brought in to assist with problemdtiiling teams encountered during 2012.
Assumptions were also made for seismic survey apbbeatory drilling activities related to
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helicopters and wildlife surveillance aircraft us&gquency of trips, and flying times.
Uncertainties in offshore non-oil/gas related sewgmission estimates are due to the
incompleteness of data. The AIS data obtained fte@rMarine Exchange of Alaska were
specific to the ports vessels visited — it did motude activities outside the port area. More
specific data are needed to estimate CMV monthég@kemovement to reduce the uncertainty
associated with the estimated time at sea. Incdgase spent at sea due to storms or delays
associated with rough sea or ice encounters areefletted in the emission estimates. For
research vessels, limited data were found to stggsumptions made for time spent and
operating loads during maneuvering, cruising, érgka operations.

Ways to improve the data used to estimate emis$ionsthese offshore sources include the
following:

Request information from Shell to better identissel characteristics for the additional
vessels used in the baseline inventory.

Obtain detailed satellite monitoring automatic itication system data for Chukchi and
Beaufort Seas for support vessels. (This also wingidove the estimates for CMV and
research vessels.)

(In the future) use information provided by operato their “operational plans” required
to be submitted to BOEM prior to initiating any s®ic survey and exploratory drilling
operations, pipelaying activities, platform constion, and oil and natural gas
production. This includes consideration of potdntiareases in time at sea due to
incremental weather, and mitigation of unforeseiblems encountered. These data can
be used to update the activity data in the inventor

With regard to the North Slope onshore oil andggsmic survey equipment, this analysis
considered one project that was similar in scopksize to the most recent actpermit for on-

ice survey work (permitted and conducted in 20BOEM, 2014a)For onshore exploratory
drilling, large drilling rig engines are treatedrasiroad engines for purposes of reporting to the
NEI, and therefore are not subject to the NEI eimissreporting requirements. Drilling rig
combustion estimates were scaled up based on aacmop of GHGRP emissions data (for
drilling rig engines) and detailed permit applicatdata for one facility. Uncertainty in the well
completion estimates is also due to the lack afrmfation. Emission estimates for well
completions were developed by multiplying the eats for well completions in one facility
permit application by the ratio of total North Séowell completions.

Uncertainty in the emissions estimates for thecatgpmay occur due to inaccuracies in the
available LTO data, time in mode assumptions, gmpiapriate matching of aircraft to engines.
Use of local LTO and time in mode data ensuresttiebest available data were used to develop
these estimates. Additionally, none of the airp@erators provided data on secondary emissions
sources such as aircraft fuel distribution andetfig and aircraft maintenance. Ground support
equipment emissions were based on equipment Edfiét into FAA’'s EDMS, which may

over- or under-estimate actual equipment populatised at these airports. Very small facilities
extracted from the 2011 NEI, were based on regresaialysis of anticipated air traffic; actual
activity levels may be different than what the gssl indicates. Ways to improve the data used
to estimate emissions from these sources incluglétlowing:
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Visit airports and landing strips to obtain detadileformation about refueling,
maintenance operations, and building heating.

Obtain actual flight plans for aircraft and helitexpoperations associated with offshore
oil and gas support.

With regard to the TAPS emissions, detallegltive equipment counts (e.g., valves, pump seals
connectors, flanges, open-ended lines, pressued valves, compressors, meters, etc.) were not
available; therefore, national production-basedssion factors were obtained from IPCC

(IPCC, 2006). These factors were applied to th&2DAPS crude oil throughput to estimate
VOC, CQ, and CH emissions, and the calculated emissions weredstgl¢he ratio of the

TAPS pipeline miles within the North Slope to naabcrude oil pipeline miles. Similarly,
assumptions and surrogate data were needed taoogesstimates for pigging operations and
TAPS patrol vehicles. With the exception of the pustation emissions, which are included in
the NEI, all of the emission estimates associatigd WAPS operations should be considered to
be fairly uncertain due to the inability to obtadetailed information to accurately estimate
emissions. Although engineering judgment and resislerassumptions were used to estimate
these emissions, detailed information would provigee certain estimates.

For non-oil and gas stationary sources, unceréanti the village industrial and commercial/
institution fuel combustion emission estimates stexm lack of information on the reported fuel
use between stationary sources and mobile sodM@ge some fuel is used in community
buildings, other fuel is used for on-road motorigkds and nonroad equipment. It was assumed
that all NSB fuel quantities were used by on-roadanvehicles and nonroad equipment and
none were used in commercial/institution fuel costlmn. For the on-road sources, emission
estimates for other villages were developed byirsgdhe estimated Barrow emissions based on
population, because the number of vehicles wasvetable. In addition, the quality of the on-
road emission estimates is limited based on thengsison made concerning vehicle idling.
Also, nonroad vehicle and equipment emissions @séisnare uncertain because the quantity of
nonroad fuel use is directly linked with the quantif on-road motor vehicle fuel use. Ways to
improve the data used to estimate emissions fr@setsources include:

Further analyze NSB invoice data to attempt togtjsagate fuel use between community
buildings, on-road motor vehicles, and nonroad ggent.
Continue research regarding amount of on-road matbicle idling.

2. Projection Emissions Inventory Uncertainty and Reomendations

Future year emissions were estimated for the seumcé activities that are reasonably
foreseeable and expected to continue for an extepeeod of time and reflect BOEM's future
full build-out scenario (BOEM, 2014b). In termspfority, the sources that contribute the
greatest emissions to the projected emissions fowe(by pollutant) are the following:

New oil and gas production facilities (high NGWOC, CO, PMo, PMx sand CQe
emissions)

Offshore exploratory drilling, and platform opeaats and support vessels (high NO
SO, and VOC emissions)
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The remainder of this discussion focuses on themaioities associated with estimating
emissions from these most important sources.

It is important to note that there is an “inheremtitertainty in emissions projections due to the
fact that future conditions that will affect em@ss cannot be known with certainty. The best
approach to projecting emissions involves accogrion as many variables that will affect
future emissions as possible, and documenting tharsables well so that adjustments can be
made if necessary. This report should be used gltinen modeling phase of the Arctic AQ
Modeling study to help interpret the modeling resatade using the projected inventory.

a. New Onshore Oil and Gas Production Facilities

Uncertainty related to the projected emission esti@® associated with the proposed onshore oil
and gas facilities described in Section IV primamivolves the planned Chukchi coast
processing production base facility. The otherdlpmjected facilities (Greater Moose’s Tooth
Unit 1, Point Thomson Production Facility, and C[3&tellite at Alpine) have all entered into
the permitting process, and potential (and perdijtéenissions data for these facilities are
available in the public record. While these famBtare not yet operational, it is unlikely there
will be major changes in the capacity or desigthete facilities moving forward.

In contrast, there are no data or permitting documavailable indicating the size, unit types, or
controls that may be put in place at the propodauk€hi coast production facility. Given that
the projected throughput of the Chukchi facilityeguivalent to the total North Slope oil
production in 2012, it is likely that it will be ¢hargest of its kind in operation on the North
Slope once it reaches capacity. Until a permitiappbn is submitted or more is known about
the design of this facility, a great degree of utaiaty will remain concerning expected
emission levels.

The primary sources of uncertainty associated pnithected construction activities of new
production facilities, new pipelines, Liberty Isthrand aircraft and supply boat facilities is
unknown facility size and the use of constructiotivaty emissions from Greater Moose’s Tooth
Unit 1 as a basis for extrapolation. The size efglanned Chukchi coast processing production
base facility was estimated based on a reasonaklesmpared to the largest existing facility in
the North Slope (i.e., Alpine Central Productiortifgy); the size of four other support facilities
near the Chukchi Sea (i.e., the Exploration BaseSApport Base, Search and Rescue Base, and
Supply Boat Terminal) was estimated based on thenagstion of co-location with the
processing production base facility or an existairgort. Estimated construction emissions for
relevant construction activities (i.e., pipelinpswer lines, fiber optics, ice roads, gravel
roads/pads, and facilities installation) from Geszd#loose’s Tooth Unit 1 were scaled based
upon proposed pipeline length, gravel quantity, pad footprint size; uncertainty in these three
parameters will contribute to emissions uncertaihtyaddition, it was assumed that the
construction activities from Greater Moose’s Tobihit 1 are comparable to the projected
construction activities. To the extent that thestarction activities are not comparable, then
additional emissions uncertainty will be introduced

The uncertainties associated with the projectegsions from the onshore production facilities

“ERG VI-13



Arctic Air Quality Modeling Study-2012 Emissions In ventory and Future Year Projections

are likely to remain in place until additional déecome available. In particular, for the three
facilities that have been permitted to constructljat have permit and permit application data
available), once they become operational and reagperating permits, their final emissions
“cap” will be known and they will likely be requideto submit actual annual emission estimates
to the permitting authority. More importantly, natd are currently available regarding the
design of the proposed Chukchi coast processindyatmn base facility. An initial construction
permit application for this facility will be extreaty beneficial to inform the projected emissions
inventory.

b. Offshore Exploratory Drilling, and Platform Operati ons and Support Vessels

The offshore projection emissions inventory repnesa single future year under BOEM’s “full
build-out” scenario. As such, these estimates shbelconsidered conservatively high.
Uncertainties exist due to several reasons, inatydi

Assumptions of the number of support and scoutelegfor surveys, exploratory

drilling, platform construction, production platfas, and pipelaying).

Surrogates used for vessel characteristics, andutmder of helicopter trips (for surveys,
exploratory drilling, platform construction, andopluction platforms).

Assumptions made for all vessel power rating aad factors, dredging vessel operating
hours, and surrogate dredging vessels (for pipedgyi

Assumed gravity based structures used Hiberniaumegate and adjusted downward
for Arctic conditions (for platform construction).

Surrogate data used from a platform in Cook Irtat platform production).

Three of the largest projected offshore emissianaes include drilling, pipelaying, and
production platforms. One of the elements useditocutate vessel emissions is the power rating
of the vessels used in these activities. To hetfetstand uncertainty associated with drill ships
and pipe laying vessels, Table VI-14 shows theavee of vessel power ratings for the global
fleet.

Table VI-14. Variances in Vessel Power Ratings

Values used irthe Total Engine kW
Vessel Type Inventory
Projections (kW) | Minimum | Maximum
Drilling Ship 44,532 254 54,000
Pipe Burying Vessel 16,981 2,795 22,505
Pipe Layer Crane Vessel 67,200 1,074 67,200

Source: IHS, 2013

As Table VI-14 indicates, the surrogate vessels ursé¢his report’s projections tend to be some
of the larger, if not largest vessels, in the fleeich that actual future emissions may be less tha
estimates developed for this study, if vessels wiitlaller total power are used.

As discussed previously, the production platformiguted emissions for the Chukchi and
Beaufort Seas were based on other larger platfornie Cook Inlet. Therefore, to inform the
uncertainties in using the Cook Inlet data, ERG parad the variance between the various Cook
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Inlet platforms for NQ, SGQ, and VOC emissions; see Table VI-15. The “Averdgkies” in

the table are the values used for the productiatiggm emissions projections. For some of the
processes, there is only one reported value, ther¢tie minimum, average, and maximum
values are the same.

Table VI-15. Comparison of Platform Production Emisions Data

Emissions per Well (tons/yr
Pollutant | Minimum Average Maximum
Large Bore Diesel Engil NO 0.001 0.059 0.116
Natural Gas Boiler, < 10 million Btu/ NO, 0.070 0.073 0.077
Natural Gas Production Fla NO, 0.078 0.103 0.136
Natural Gas Turbine Engi NO, 4,734 6.161 9.319
Reciprocating Diesel Engi NO 0.150 0.313 0.683
Large Bore Diesel Engil SG; 0.005 0.005 0.005
Natural Gas Boiler, < 10 million Btu/ SG, 0.023 0.091 0.128
Natural Gas Production Fla SG, 0.066 0.169 0.253
Natural Gas Turbine Engi SG, 0.003 1.907 3.366
Reciprocating Diesel Engi SG 0.000 0.007 0.014
Large Bore Diesel Engi VOC 0.003 0.003 0.003
Natural Gas Boiler, < 10 million Btu/ vVOC 0.004 0.004 0.004
Natural Gas Production Fla VOC 0.072 0.096 0.126
Natural Gas Turbine Engi VOC 0.042 0.054 0.067
Reciprocating Diesel Engi VOC 0.012 0.023 0.045
Glycol Dehydratc VOC 0.036 0.036 0.036

Note: emissions have been normalized relative ¢b ptatform’s well count.
Source: ADEC, 2013

As shown in Table 1V-15, natural gas turbines hidfneelargest range of N@nd SQ emissions,
which could be due to operating differences in terafure or fuel sulfur content. Reciprocating
diesel engines have the largest relative variamc®l©,and VOC, which may be to due to the
variety of diesel engines on the platforms thatteiag used in different applications.

Uncertainty associated with these estimates caubtieessed in the future when
Beaufort/Chukchi platform operators apply for amatity permits. During the application
process, they will be required to document theaaquipment to be used and the hours of
operation, which can be used to estimate emissamrtbose platforms (instead of using Cook
Inlet platform data). Studies to validate emissisnsh as testing and data logging of activity,
throughput, and operating load will also be neddetiore accurately assess emissions from the
future Beaufort/Chukchi platforms.
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Table A-1. 2012 Activity Data by Source for the Chlachi Drilling Site

Vessel Units Days Hr per Day Total Hours Engine Units KW -hr Load Notes
Propulsion 53.00 24 127p 13,288 kw 10,141,397 0.Gilliny Permit
Generation 53.0( 24 1272 4916 kw 5,002,629 0.8 llimyiPermit
Emergency Generator 53.00 2 106 0 kwW 0 0.8 DrilRegmit
MLC Compressor 8.8 24 212 1,305 kw 221,327 0.8 lliBgiPermit
Cranes 26.5( 24 63pb 1,383 kw 703,921 0.8 Drilliegit
Cement/Logging 19.8¢ 24 477 2,163 kw 825,235 0.8 illimy Permit
Discoverer MLC HPUs 53.00 24 1272 21,4717 kw 21,854,497 0.8 llibgi Permit
Seldom Used Units 53.00 24 1272 E‘gu?@tggn kW, use permit
Heaters and Boilers 0.88 24 21.2 16 mBtu/hr hé)u(:@tzégn kW, use permit
Incinerator 48.58 g 242.9 276 Ib/hr J.r':lgu?@tfégn KW, use permit
Propulsion and Generation 19.88 P4 477 37,816 kw ,82)996 0.6 Vessélennice
Heaters and Boilers 17.7 24 4p4 895 Kw 303,635 e |Vﬁqu)x using Spillage Info
Ice Management Vessel Seldom Used Units 26.5D Ja 636 alé)u(:@tzégn kW, use permit
Incinerator 19.88 24 a7y 308 Ib/hr lr':lgu?@tfég n KW, use permit
Propulsion and Generation 19.88 P4 477 22,140 kw 338523 0.6] Vessdlor Viking
Heaters and Boilers 26.50 24 686 E‘gu?@tfég n kW, use permit
Anchor Handler | oo 1y0m Used Units 26.50 24 636 #gu(rjlil/tfégn kW, use permit
Incinerator 19.88 24 a7y 308 Ib/hr ﬁqzsnuarggrzgme asice
Resupply Shi - transpok | | 2.083| KW 18,971 0.4 ;i/riseselHarvey Spiri split 1/2
mode Propulsion and Generation 10.60 1 166 VesselC-Leade soiit 12
0| kw 0 0.6 i P
Resupply Ship* - 2,083| kw 151,767 0.6 yesseHanvey Spinsplit 12
Dynamic Positioning Propulsion and Generation 3.53 P4 848 VesselC-Leade soit 172
mode 0| kw 0 08| time P
A-2
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Table A-1. 2012 Activity Data by Source for the Chlachi Drilling Site (Continued)

Vessel Units Days Hr per Day Total Hours Engine Units KW -hr Load Notes
Propulsion and Generation 53.00 P4 1272 7,600 kw 80548 0.6] Spillage Doc (Nanuq Cat 2
. ssume same rate as anchaf
OSR Vessel Seldom Used Units 53.0D 24 1272 '@andling
Incinerator 53.00 24 127p 308 Ib/hr ﬁssur.ne same rate as anchg
andling
OSR Work Boats Propulsion and Generation 53.00 24 2721 44,443 kW 33,919,226 \?gssgglﬂafgosf\xgonl 6
* Permit Data said two ships were possible. Theeefmth ships were used but each but shared tivétyaetjually with half the hours.

Sources: Shell, 2013; IHS, 2014; Wilson et al.,£201
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Table A-2. 2012 Activity Data by Source for the Baafort Drilling Site

Vessel Units Days | Hr per Day | Total Hours Engine Units KW -hr Load Notes
Aivig Propulsion 29.00 24 696 16,240 kW 6,781,824 0.6 SHElage section.
Auxiliary 29.00 2 58 1,080 kw 50,112 0|8 See Spdlaection.
Electricity Generation 29.00 2 696 7,719 kw 4,208, 0.8 Exploratory plan
Emergency Generator 29.00 2 58 781 kW 36,p27 0.8ploeatory plan
MLC Air Compressor 4.83 24 116 1,119 kw 103,801 0Bxploratory plan
Kulluk Deck Crane 14.5( 2 348 895 kw 249,123 0.8 Exployailan
MLC HPU 29.00 24 696 1,119 kw 622,809 0.8 Explasaan
Seldom Used Sources 29.00 P4 G§96 1,230 kw 685,089.8 | Do data on kW
Heaters and Boilers 0.48 24 11.6 6 mBtu/hr 1 B@dn kW
Incinerator 26.58 5 132.9 276 Ib/hr 1 No dat&vh
Propulsion and Generation 10.88 P4 261 37,816  kw 925017 0.6| Exploratory plan
Heaters and Boilers 9.6[7 24 282 895 Kw 166,085 ON® Aux using Spillage Info (Aiviq)
Ice Managlement Vesse Seldom Used Units 14.5D da 348 lltllo data on kW, use Exploratory plan
ourly EF
Incinerator 10.88 24 261 154 Ib/hr lr':lgu?lata on kW, use Exploratory plan
y EF
Propulsion and Generation 10.88 P4 261 22,140 kw 4673154 0.6| Exploratory plan
Heaters and Boilers 14.50 Y. 348 0 kw 0 0.8 No #sing Spillage Info (Aivig)
Ice Management Vesse o data on kW, use Exploratory plan
2 Seldom Used Units 14.5D 24 348 lltu‘ourl EF ’ P yp
/ Anchor Handler N dyt W Exoloral I
Incinerator 10.88 24 261 154 Ib/hr lngurla a on ki, use Expioratory pian
y EF
ResupplymSOhdlg - transpoyt Propulsion and Generation 5.80 1 5.8 2,983 kw 10)38 0.6 | Exploratory plan
Resupply Ship -
Dynamic Positioning | Propulsion and Generation 1.93 P4 46.4 2,983 kw (07 533 0.6| Exploratory plan
mode
Propulsion and Generation 29.00 P4 696 7,600 kw 738B5 0.6| See Spillage section. (Nanuq Cat 2)
OSR Vessel Seldom Used Units 29.0p 24 696 0.8 Assumesate as anchor handling
Incinerator 29.00 24 696 1 Assume same sagmehor handling
OSR Work Boats Propulsion and Generation 29.00 24 96 |6 44,443| kW 18,559,576 0/6 See Spillage section.

* Permit Data said two ships were possible. Theesfmth ships were used but each but shared tivétyaetjually with half the hours.
Sources: Shell, 2013; IHS, 2014; Wilson et al.,£201
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Table A-3. Emission Factors (g/kwhrs) by source for the Chukchi Drilling Site

Vessel Units NOyx | VOC | CO SO, PMig PM s Pb NH, | CO, | CHs | N,O EF References
Propulsion 9.8 0.9 1.1 0.00595 0.1p1 0.111 0.0000Q.003| 646/ 0.004 0.031 ANL, 2013
ANL, 2013 and
Generation 0.5 0.157 0.22f 0.00595 0.0777* 0.057476.00002| 0.004 646 0.004 0.081 Shell, 2011
denoted with *
Emergency Generator 9/8 0.5 1.1 0.00%95 0.151 0.10D0002| 0.003 646 | 0.004] 0.031 ANL, 2013
Discoverer MLC Compressor 9.9 0.5 1.1 0.00595 0.151 0.111 amP0® 0.003| 646| 0.004| 0.031 ANL, 2013
Cranes 9.8 0.5 1.1 0.00595 0.1p1 0.111 0.00002 30.0®46| 0.004| 0.031 ANL, 2013
Cement/Logging 9.9 0.5 1.1 0.00595 0.151 0.111 amP0 0.003| 646 | 0.004| 0.031 ANL, 2013
MLC HPUs 9.8 0.5 1.1 0.00595 0.151 0.111 0.00002 00®, 646 | 0.004| 0.031] ANL, 2013
Seldom Used Units 0.b 0 0/1 0.0002 0 0 0.00p02 30|00 Shell, 2011
Heaters and Boilers 3R 0 1{2 0.0p5 D.4 0.4 0.00002.003 Shell, 2011
Incinerator 0.7 0.4 4.3 0.3p 1)1 1 0.00002 0.p03 Shell, 2011
ANL, 2013 and
Propulsion and Generation 1.6* 0.1p* 0.22* 0.00895 0.151 0.111) 0.00002 0.003 646 | 0.004| 0.031 Shell, 2011
Ice Management denoted with *
Vessel Heaters and Boilers 9.8 0|5 1.1 0.00595 0.151 0/111 646| 0.004, 0.031 ANL, 2013
Seldom Used Units 0.B 0 0j1 0.0001 0 0 Shell, 2011
Incinerator 0.4 7.1 23.1 0.19 1 07 Shell, 2011
Propulsion and Generation 98 Q.5 1.1 0.00595 0/1510.111| 0.00002 0.008 646 0.004 0.031 ANL, 2013
Anchor Handler Heaters and Boilgrs 0.6 0 0|2 0.0064 D.1 0.1 Shell, 2011
Seldom Used Units 0.B 0 0j1 0.0001 0 0 Shell, 2011
Incinerator 0.4 7.1 23.1 0.19 1 07 Shell, 2011
Resupply Ship - Propulsion and Generation 9.8 0.5 1.1 0.0059% 0.151 0.111 0.00002 0.p03 |6460040 0.031 ANL, 2013
transport mode 9.8 0.5 1.1 0.0059% 0.191 0.111 0.00Q02 0.p03 |6460040 0.031 ANL, 2013
Resupply Ship - 9.8 0.5 1.1) 0.0059% 0.191 0.111 0.00002 0.p03 |6460040 0.031 ANL, 2013
Dy”am'n‘; OF;%S'“O”'”Q Propulsion and Generation | ¢ o 5| 11| 000595 0151 0111 000402 0003 |646004] 0.031  ANL 2013
Propulsion and Generation 98 Q.5 1.1 0.00595 0/1510.111| 0.00002 0.008 646 0.004 0.031 ANL, 2013
OSR Vessel Seldom Used Units 0.B 0 0j1 0.0001 0 0 Shell, 2011
Incinerator 0.4 7.1 23.1 0.19 1 07 Shell, 2011
OSR Work Boats Propulsion and Generation 9.8 0.5 1 |10.00595 0.151 0.111 0.00002 0.003 646 0.004 0[031ANL, 2013

Source: ANL, 2013
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Table A-4. Emission Factors (g/kwhrs) by source for the Beaufort Sea Drilling Site

Vessel Units NOx |VOC | CO | SO, | PMy | PMys | Lead | NH, | CO, | CH. | N,O cBalfbc(l;n EF References
Aivig Propulsion 9.8 0.5 1.1 0.00595 0.1b1 0.111 0.0000D03| 646/ 0.004 0.031 0.0030 ANL, 2013
Auxiliary 9.8 0.5 1.1 0.0059% 0.191 0.111 0.00002008| 646/ 0.004 0.031 0.0030 ANL, 2013
ANL, 2013 and
Electricity Generation 0.57 0.15¢ 0.22¢ 0.00595 ©@*| 0.0577*| 0.00002 0.008 646 0.004 0.031 0.0030 Shell, 2011
denoted with *
Emergency Generator 9)8 015 1.1 0.00%95 0,151 0.14.00002| 0.003 646 0.004 0.031 0.0430 ANL, 2013
Kulluk MLC Air Compressor 9.9 0.% 1.1 0.00595 0.151 0.11100002| 0.003 646 0.004 0.031 0.0030 ANL, 2013
Deck Crane 9.8 0.5 1.1 0.00595 0.151 0.111 0.0000D03| 646| 0.004 0.031L 0.0030 ANL, 2013
MLC HPU 9.8 0.5 1.1 0.0059b6 0.151 0.111 0.00002 0®.0 646| 0.004 0.031 0.0030 ANL, 2013
Seldom Used Sources 9|8 a.5 1.1 0.00595 0/151 0.111 646| 0.004, 0.031 0.0030 Shell, 2011
Heaters and Boilers 3R 0 1|2 0.0R5 D.4 0.4 Shell, 2011
Incinerator 0.7 0.4 4.3 0.3b 1)1 1 Shell, 2011
ANL, 2013 and
Propulsion and Generation 1.6* 0.15* 0.2p* 0.00595 0.151 0.111] 0.00002 0.003 646 0.004 0.031 0.70030 Shell, 2011
Ice Management denoted with *
Vessel 1 Heaters and Boilers 9.B 0J5 1.1 0.00595 0.151 0/111 646| 0.004, 0.031 0.0030 ANL, 2013
Seldom Used Units 0.8 0] 01 0.00p1 0 0 Shell, 2011
Incinerator 0.4 7.7 23.1 0.19 1 0.7 Shell, 2011
Ice Management Propulsion and Generation 9,8 a.5 1.1 0.00695 0/{1510.111| 0.00002 0.008 646 0.004 0.031 0.0030 ANMN320
Vessel 2 Heaters and Boilers 9.B 05 1.1 0.00595 0.151 0/111 646| 0.004, 0.031 0.0030 ANL, 2013
/ Anchor Handler Seldom Used Units 0.8 0] 01 0.00p1 0 0 Shell, 2011
Ice Management
e 2 Incinerator 04 77 231 0.9 1 0.7 Shell, 2011
(Cont.)
Resupply Ship - Propulsion and Generation 98 05 1.1 0.00595  0/1510.111| 0.00002 0.0083 646 0.004 0.031  0.0030 ANIL320
transport mode
Resupply Ship -
Dynamic Positioning Propulsion and Generation 98 a.5 1.1 0.00595 0/1510.111| 0.00002 0.008 646 0.004 0.031 0.0030 ANL320
mode
Propulsion and Generation 98 a.5 1.1 0.00595 0/1510.111| 0.0000Z2 0.008 646 0.004 0.031 0.0030 ANMN320
OSR Vessel Seldom Used Units 0.8 0] 01 0.00p1 0 0 Shell, 2011
Incinerator 0.4 7.7 23.1 0.19 1 0.7 Shell, 2011
OSR Work Boats Propulsion and Generation 9.8 0.5 1 |10.00595 0.151 0.114 0.00002 0.003 646 0.004 0[030.0030 ANL, 2013

Source: ANL, 2013
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Table A-5. Category 1 and 2 Marine Engine HAP Speation Profiles

e Uit Pollutant Associated basis for speciation Spemgtlon
Code Profile
Coppe PM; 1.75E-03
Zinc PM 1.00E-03
10041« Ethylbenzen VOC 1.25E-03
10042! Styrent VOC 1.31E-03
10702¢ Acrolein VOC 2.19E-03
10888: Toluent VOC 2.00E-03
11054 n-Hexan VOC 3.44E-03
11874 HCB PM 4.00E-08
12012° Anthracen PM, & 2.31E-0E
12338t Propionaldehyc VOC 3.81E-02
12900( Pyren: PM, = 2.44E-0&
133020° Xylene VOC 3.00E-03
133636: PCE PM 5.00E-07
1606583 Chromium Il PM 3.30E-0&
1854029 Chromium V PM 1.70E-05
19124 Benzo[g,h,l,]Perylen PM; ¢ 5.63E-0€
19339! Inden(1,2,-c,d]Pyrene PM;¢ 1.00E-0%
20599 Benzo[b]Fluoranthen PM;¢ 1.00E-05
20644( Fluoranthen PM, 1.38E-05
20708¢ Benzolk]Fluoranthen PM;¢ 5.00E-0€
20896¢ Acenaphthylen PM, 2.31E-0&
21801¢ Chrysen PM, = 4.38E-0€
5000( Formaldehydt VOC 9.35E-02
5032¢ Benzo[a]Pyren: PM;¢ 5.00E-0€
54084 2,2 -trimethylpentan VOC 2.50E-04
5655:¢ Benz[a]Anthracen PM, 2.50E-0&
62¢ Dioxin PMy 5.00E-0¢
7143: Benzene VOC 1.27E-02
743996! Manganes: PM;¢ 1.28E-0€
743997 Mercury PM;¢ 5.00E-08
744002 Nickel PM;¢ 1.00E-03
744038. Arsenic PMy 3.00E-0t
744043 Cadmium PMy 5.15E-0€
744047, Chromium PMy 5.00E-0t
7507( Acetaldehyde VOC 4.64E-02
778249, Selenium PMy 5.15E-08
8332¢ Acenaphthen PM, 1.50E-05
8501¢ Phenanthren PM, 3.50E-0&
86737 Fluoren: PM, : 3.06E-0t
9120: Naphthalent PM, = 8.76E-04
Source: U.S. EPA, 201
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Table A-6. Fleet Makeup and Percent Allocation by & Carriers

Carrier Name Percent Aicraft Engine
Alaska Airlines, Inc. 6.76% B737-9 8CMO051
Alaska Airlines, Inc. 14.999 B737-4 1CMO007
Alaska Airlines, Inc. 15.269 B737-7 3CM030
Alaska Airlines, Inc. 63.009 B737-8 3CM034
Alaska Central Express 100.00%6 BEECH1900-C PT6A6B
Arctic Transportation Services, Inc. 33.33% CASARAL2 TPE10R
Arctic Transportation Services, Inc. 33.33% PC12 e/a7
Arctic Transportation Services, Inc. 33.33% CNA206 TIO540
Avjet Corporation 3.57% DC8-7 1PWO003
Avjet Corporation 3.57% GULF200 7PW077
Avjet Corporation 7.14% B737-7 3CM030
Avjet Corporation 7.14% GULF3 MK511
Avjet Corporation 7.14% HS125-8 1AS002
Avjet Corporation 7.14% 1AI1124A 1AS002
Avjet Corporation 21.43% GULF5 4BR008
Avjet Corporation 42.86% GULF450 11RR048
Bering Air, Inc. 14.29% PA31 TIO540
Bering Air, Inc. 14.29% BEECH1900-D PT67D
Bering Air, Inc. 14.29% BEECH200 PT6A42
Bering Air, Inc. 14.29% CASA212-3 TPE10R
Bering Air, Inc. 14.29% CNA208 P6114A
Bering Air, Inc. 14.29% H500D 250B17
Bering Air, Inc. 14.29% R44 TIO540
ERA Aviation, Inc. 12.50% BEECH1900-C PT6A6B
ERA Aviation, Inc. 12.50% BEECH1900-D PT67D
ERA Aviation, Inc. 12.50% CNA206 TIO540
ERA Aviation, Inc. 12.50% CNA208 P6114A
ERA Aviation, Inc. 12.50% DHCS8-1 PwW121
ERA Aviation, Inc. 12.50% PA31 TIO540
ERA Aviation, Inc. 12.50% REIMS406 PT6112
ERA Aviation, Inc. 12.50% SD330 PT6A4R
Frontier Flying Service, Inc. 12.50% BEECH1900-C 6REB
Frontier Flying Service, Inc. 12.50% BEECH1900-D 67D
Frontier Flying Service, Inc. 12.50% CNA206 TIO540
Frontier Flying Service, Inc. 12.50% CNA208 P6114A
Frontier Flying Service, Inc. 12.50% DHC8-1 PW121
Frontier Flying Service, Inc. 12.50% PA31 TIO540
Frontier Flying Service, Inc. 12.50% REIMS406 PTB11
Frontier Flying Service, Inc. 12.50% SD330 PT6A4R
Hageland Aviation Services, Inc. 12.50% BEECH1900-C | PT6A6B
Hageland Aviation Services, Inc. 12.50% BEECH1900-D | PT67D
Hageland Aviation Services, Inc. 12.50% CNA206 T405
Hageland Aviation Services, Inc. 12.50% CNA208 RBY1
Hageland Aviation Services, Inc. 12.50% DHCS8-1 PW12
Hageland Aviation Services, Inc. 12.50% PA31 TIO540
Hageland Aviation Services, Inc. 12.50% REIMS406 6PI2
Hageland Aviation Services, Inc. 12.50% SD330 PTRA4
Lynden Air Cargo LLC 100.00% MIL-C130 T56A15
Miami Air International, Inc. 100.00% B737-8 3CM034
Northern Air Cargo, Inc. 100.00% B737-1 1PWO012
Tatonduk Outfitters Ltd 2.05% PCi12 PT6A67
Tatonduk Outfitters Ltd 5.34% DC9-3 1PWO007
Tatonduk Outfitters Ltd 10.58% DC3 R1820
Tatonduk Outfitters Ltd 10.94% EMB120 PW118
Tatonduk Outfitters Ltd 12.90% PA32 TIO540
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Table A-6. Fleet Makeup and Percent Allocation by & Carriers (Continued)

Carrier Name Percent Aicraft Engine
Tatonduk Outfitters Ltd 13.36% CNA208 P6114A
Tatonduk Outfitters Ltd 44.82% DC6 R1820
Warbelow 100.00%| PA31 TIO540
Wright Air Service, Inc. 5.889 BEECH36 TIO540
Wright Air Service, Inc. 11.769 CNA206 TIO540
Wright Air Service, Inc. 17.659 MIL-U10 TIO540
Wright Air Service, Inc. 17.659 PA31 TIO540
Wright Air Service, Inc. 47.069 CNA208 P6114A

Source: FAA, 201:

VERG A9



Arctic Air Quality Modeling Study-2012 Emissions In

ventory and Future Year Projections

Table A-7. Compiled Aircraft Activity Data

VERG

Airport Aircraft Engine LTO
Badami BEECH1900-C PT6A6B 18
Badami CNA206 TIO540 142
Badami CNA208 P6114A
Badami DHC2T PT6A60 ]
Badami DHCS8-1 PW121 20
Badami MIL-AH1J T400 17
Badami MIL-U10 PT6A27 41
Badami SD330 PT6A4R |
Barter Island LRRS PA31 TIO540 127
Barter Island LRRS BEECH1900-C PT6A6B 19
Barter Island LRRS BEECH1900-D PT67D 19
Barter Island LRRS CNA206 TIO540 49
Barter Island LRRS CNA208 P6114A 49
Barter Island LRRS DHC8-1 PW121 49
Barter Island LRRS PA31 TIO540 49
Barter Island LRRS REIMS406 PT6112 19
Barter Island LRRS SD330 PT6A4R 49
Barter Island LRRS BEECH1900-D PT67D 1
Barter Island LRRS BEECH200 PT6A42 1
Barter Island LRRS CASA212-3 TPE10R 1
Barter Island LRRS CNA208 P6114A 1
Barter Island LRRS H500D 250B17 1
Barter Island LRRS PA31 TIO540 i
Barter Island LRRS R44 TIO540 i
Barter Island LRRS BEECH36 TIO540 2
Barter Island LRRS CNA206 TIO540 3
Barter Island LRRS CNA208 P6114A 14
Barter Island LRRS MIL-U10 TIO540 b
Barter Island LRRS PA31 TIO540 b
Barter Island LRRS BEECH1900-C PT6A6B 141
Barter Island LRRS BEECH1900-D PT67D 141
Barter Island LRRS CNA206 TIO540 141
Barter Island LRRS CNA208 P6114A 141
Barter Island LRRS DHC8-1 PW121 141
Barter Island LRRS PA31 TIO540 141
Barter Island LRRS REIMS406 PT6112 141
Barter Island LRRS SD330 PT6A4R 141
Deadhorse N/A N/A 24,000
Galbraith Lake DHC8Q-3 PW123B go
Helmericks CNA206 TIO540 10
Kavik River CNA208 P6114A 1(
Kavik River PA23 TIO540 104
Kavik River DC3 R1820 q
Kavik River CNA206 TIO540 30
Kavik River R44 TIO540 20
Kavik River MAULE7 TIO540 6
Kavik River N/A N/A 6
Kavik River PC12 PT6A67 ]
North Kuparuk B737-7 3CM030 5
North Kuparuk DHC6-1 PT6A20 471
North Kuparuk CASA212-2 TPE10 187
North Kuparuk CNA441 TPE10 9B
North Kuparuk BEECH1900-C PT67B 15
North Kuparuk LEAR35 1AS001
North Kuparuk BEECH200 PT6A42 3
North Kuparuk B737-2 1PWO010 150
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Table A-7. Compiled Aircraft Activity Data (Continu ed)

Airport Aircraft Engine LTO
Nuigsut BEECH1900-C PT6A6B b
Nuigsut BEECH1900-D PT67D b
Nuigsut CNA206 TIO540 5
Nuigsut CNA208 P6114A f
Nuigsut DHC8-1 PW121 f
Nuigsut PA31 TIO540 5
Nuigsut REIMS406 PT6112 b
Nuigsut SD330 PT6A4R !
Nuigsut BEECH1900-C PT6A6B 107
Nuigsut BEECH1900-D PT67D 107
Nuigsut CNA206 TIO540 10]
Nuigsut CNA208 P6114A 10y
Nuigsut DHC8-1 PW121 10
Nuigsut PA31 TIO540 10]
Nuigsut REIMS406 PT6112 107
Nuigsut SD330 PT6A4R 10
Point Lay BEECH1900-C PT6A6B b
Point Lay BEECH1900-D PT67D b
Point Lay CNA206 TIO540 g
Point Lay CNA208 P6114A L
Point Lay DHC8-1 PW121 L
Point Lay PA31 TIO540 g
Point Lay REIMS406 PT6112 b
Point Lay SD330 PT6A4R
Point Lay BEECH1900-D PT67D L
Point Lay BEECH200 PT6A42 |
Point Lay CASA212-3 TPE10R L
Point Lay CNA208 P6114A
Point Lay H500D 250B17 ]
Point Lay PA31 TIO540 1
Point Lay R44 TIO540 1
Point Lay BEECH36 TIO540 ]
Point Lay CNA206 TIO540 1
Point Lay CNA208 P6114A y
Point Lay MIL-U10 TIO540 1
Point Lay PA31 TIO540 1
Point Lay BEECH1900-C PT6A6B 12p
Point Lay BEECH1900-D PT67D 12p
Point Lay CNA206 TIO540 121
Point Lay CNA208 P6114A 12p
Point Lay DHC8-1 PW121 12p
Point Lay PA31 TIO540 121
Point Lay REIMS406 PT6112 12p
Point Lay SD330 PT6A4R 12p
Wainwright BEECH1900-C PT6A6B
Wainwright BEECH1900-D PT67D
Wainwright CNA206 TIO540 6
Wainwright CNA208 P6114A q
Wainwright DHC8-1 PW121 6
Wainwright PA31 TIO540 6
Wainwright REIMS406 PT6112
Wainwright SD330 PT6A4R
Wainwright BEECH1900-D PT67D |
Wainwright BEECH200 PT6A42
Wainwright CASA212-3 TPE10R |
Wainwright CNA208 P6114A 1
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Arctic Air Quality Modeling Study-2012 Emissions In ventory and Future Year Projections

Table A-7. Compiled Aircraft Activity Data (Continu ed)

Airport Aircraft Engine LTO
Wainwright H500D 250B17 1
Wainwright PA31 TIO540 1
Wainwright R44 TIO540 1
Wainwright BEECH36 TIO540 1
Wainwright CNA206 TIO540 1
Wainwright CNA208 P6114A 1
Wainwright MIL-U10 TI0540 1
Wainwright PA31 TIO540 1
Wainwright BEECH1900-C PT6A6B 6B
Wainwright BEECH1900-D PT67D 6B
Wainwright CNA206 TIO540 63
Wainwright CNA208 P6114A 63
Wainwright DHC8-1 PW121 63
Wainwright PA31 TIO540 63
Wainwright REIMS406 PT6112 6B
Wainwright SD330 PT6A4R 6
Wiley Post B737-7 3CM030 |
Wiley Post DC8-7 1PWO003 |
Wiley Post GULF200 7PWO077 L
Wiley Post GULF3 MK511 1
Wiley Post GULF450 11RR048 L
Wiley Post GULF5 4BR008 ]
Wiley Post HS125-8 1AS002 N
Wiley Post IAI1124A 1AS002 1
Wiley Post PA31 TIO540 30
Wiley Post BEECH1900-C PT6A6B 5
Wiley Post BEECH1900-D PT67D 5
Wiley Post CNA206 TIO540 i
Wiley Post CNA208 P6114A
Wiley Post DHC8-1 PW121
Wiley Post PA31 TIO540 [é
Wiley Post REIMS406 PT6112 5
Wiley Post SD330 PT6A4R b
Wiley Post CASA212-3 TPE10R L
Wiley Post CNA206 TIO540 ]
Wiley Post PC12 PT6A67 |
Wiley Post BEECH1900-D PT67D L
Wiley Post BEECH200 PT6A42 L
Wiley Post CASA212-3 TPE10R L
Wiley Post CNA208 P6114A
Wiley Post H500D 250B17 |
Wiley Post PA31 TIO540 ]
Wiley Post R44 TIO540 ]
Wiley Post B737-4 1CMO007 64b
Wiley Post B737-7 3CM030 65
Wiley Post B737-8 3CM034 2,718
Wiley Post B737-9 8CM051 291
Wiley Post B737-8 3CM034 16
Wiley Post BEECH1900-C PT6A6B 181
Wiley Post BEECH1900-D PT67D 181
Wiley Post CNA206 TIO540 18]
Wiley Post CNA208 P6114A 181
Wiley Post DHCS8-1 PW121 181
Wiley Post PA31 TI0540 181
Wiley Post REIMS406 PT6112 181
Wiley Post SD330 PT6A4R 1811

Sources: BTS, 2014; FAA, 2013
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Arctic Air Quality Modeling Study-2012 Emissions In

ventory and Future Year Projections

Table A-8. Taxi and Out Times by Airport and Aircraft

Average Taxi .
Airport Aircraft E.DMS EDMS Ul el Count Out Uepdllr
Aircraft Engine Ground . (Min)
) (Min)
(Min)
Badami Agusta SPA AB139 MIL-AH1J T400 3.25 16 9.7 3.6
Badami AgustaBell AW 139 MIL-AH1J T400 13.25 16 9.7 3.6
AgustaWestland AW
Badami 139 MIL-AH1J T400 13.25 16 9.7 3b
Badami Beechcraft 1900C BEECH1900{C PT6A6RB 19.25 16 14.1 5.2
Badami Cessna Caravan CNA208 P6114A 14 1 10.2 3.8
Badami Cessna TU206C CNA206 TIO540 11|93 60 8.7 3.2
Badami de Havilland Beaver* DHC2T PT6A60 15.54 0 11.3 4.2
de Havilland DHC-8-
Badami 103 DHCS8-1 PwW121 29.76 17 21(7 8
Badami Helio Courier MIL-U10 PT6A27 13.39 23 9.8 63
Badami Short 330 Sherpa SD330 PT6A4R 92 1 67.2 4.8
North
Kuparuk N/A N/A N/A 5 N/A 3 2

* No timeswere provided by the airport personnel; estimateewnaddased oraggregated averages of all airci

at Badami.

Sources: Henning, 2014; Tupper, 2014

Table A-9. 2012 Subpart W North Slope Onshore Prodttion Emissions (tons/yr)

FaCIIIty CO, CH, N,O
Badami Development Facil 42(
BP Alaska, 89(- Arctic Slope Basi 36,63( 1.4¢ 0.3(
ConocoPhillips Alaska In- KRU-ALP Fields 42,40« 1.7¢ 0.3t
Nikaitchug Developme! 12,83¢ 0.52 0.1

Table A-10. Well Completion Emissions

Pollutant Emissions (tons/yr

VOC 309.6(
CG, 24.4;
CH, 636.4(
2,2,.-Trimethlypentan 2.9C
Benzen 3.7¢
Ethylbenzen 0.8:
n-Hexant 6.8¢
Toluent 1.4¢
Xylenes 0.4¢€
H,S 0.05:¢

VERG
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Arctic Air Quality Modeling Study-2012 Emissions In

ventory and Future Year Projections

Table A-11. Oil and Gas Point Source Facility Emisens in the 2011 NE? (tons/yr)

Facility Name VOC NOy CO SO, PM ¢

Alpine Central Processing Facil 28.3: 1,098.8. 266.8. 18.7¢ 32.2¢
Badami Development Facility (formerly BPX 2.44 134.2¢ 159.5: 1.92 3.4i
Base Operations Cen 0.11 3.94 0.8¢ 0.04 0.11
Central Compressor Pl 49.1( 8,440.3! 1,173.5! 117.1: 156.1:
Central Gas Facili 39.2( 5,961.0 835.6¢ 82.0( 122.2(
Crude QOil Topping Un 0.5¢ 10.0¢ 10.91 0.51 0.8¢
Endicott Production Facili 26.1° 1,500.4! 149.7: 199.8¢ 35.9¢
Flow Station #1 (FS 11.7¢ 1,300.0: 565.2( 18.17 42.17
Flow Station #2 (FS . 9.71 1,281.0! 422.5¢ 40.17 32.5i
Flow Station #3 (FS 11.0¢ 1,853.9 508.8' 23.5¢ 37.9i
Gathering Center #1 (GC 14.3] 1,718.5! 566.9! 19.1¢ 45.7¢
Gathering Center #2 (GC 10.3¢ 937.0¢ 272.6¢ 12.9¢ 29.4¢
Gathering Center #3 (GC 7.0C 839.1° 258.9: 11.2¢ 20.9¢
Kuparuk Central Production Facility #1 (CP 48.1¢ 1,932.9. 252.4¢ 60.2- 56.1¢
Kuparulk Central Production Facility #2 (CP}I 27.3¢ 1,587.5 163.5: 55.4( 49.0:
Kuparuk Central Production Facility #3 (CP 19.5¢ 1,008.0: 556.0¢ 79.7¢ 40.3¢
Kuparuk Seawater Treatment P 3.8¢ 87.5¢ 6.1( 7.8¢ 3.71
Lisburne Production Ceni 21.4¢ 1,410.7 694.2¢ 79.6¢ 59.4;
Milne Point Production Facili 13.5¢ 738.6! 108.1( 5.5¢ 14.2:
Nikaitchug Developme 34.8( 191.8¢ 84.4: 22.7( 10.5:
Northstar Production Facili 11.2: 345.9! 129.5( 17.6¢ 27.4%
Oooguruk Development Proj 14.5] 175.4¢ 138.8¢ 8.2¢ 22.41
PBU Central Power Stati 13.81 2,359.6! 300.6¢ 31.3¢ 42 .5t
Prudhoe Bay Operations Center / M 0.40 8.60 6.19 0.36 0.5
Construction Camp

Seawater Injection Plant E 3.2i 707.7" 101.5¢ 7.2C 9.3t
(SSe%v)\gater Treatment Plant, Prudhoe Bay 6.01 89 45 68.0: 57D 8.1

Source: U.S. EPA, 2013These emissions are from Version 1 of the 2011 HRG will monitor availability of th¢

Version 2, and will advise BOEM of any future chasghat might affect the emissions inventory inftitare.
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Arctic Air Quality Modeling Study-2012 Emissions In

ventory and Future Year Projections

Table A-12. Non-NEI Facility Emissions Estimates @ns/yr)

Facility Name VOC NOx CO SG, PM ¢
Badami RTU 3 Flare Proje 2.5¢ 3.94 16.1¢ 1.72 1.21
BPXA Greate_r Prudhoe Bay Skid 50 F 123 2187 354 0.90 1.49
Transfer Station — Generator
BPXA Milne Point S Pad (CHOP 1.28 21.8i 3.5¢ 0.9C 1.4¢
ConocoPhlllps Drill Site #S Palm Developm: 13.91 10.76 178 0.4k 0.13
Project
ConocoPhilips Meltwater Development Pro 37.2: 19.4¢ 3.1¢€ 0.8( 1.3
ConocoPhilips Tarn Development Pro 36.7¢ 11.27 1.82 0.4¢€ 0.7¢
Grind and Inject Facility (BPX# 0.3: 8.5¢ 5.3¢€ 0.3¢ 0.61
Nanugq Inc Arctic Wolf Cam 1.1¢ 20.9¢ 3.4(C 0.8¢ 1.4
';'gglrl‘ts;ar Caribou Crossing Compres 137 1733 6715  1.07 0.4

Table A-13. Smaller Emitting Unit and Nonroad Engire Emissions Estimates for NEI

Facilities (tons/yr)

Facility Name VOC NOx CO SG, PM ¢
Alpine Central Processing Facil 20.0¢ 338.9¢ 55.4¢ 3.44 46.5(
Badami Development Facility (formerly BPX 3.0¢€ 322.7. 86.71 1.1¢ 0.7¢
BaseOperations Center (BO 0.0: 0.9¢ 0.1: 0.01 0.0t
Central Compressor Plant (C( 0.07 1.11 0.9¢ 0.0z 0.1
Central Gas Facility (CG 0.0C 0.0¢ 0.0: 0.01 0.01
CPF 1, Kuparuk Central Production Facility 14.5¢ 463.1¢ 35.7- 8.4( 13.3¢
CPF 2, Kuparu Central Production Facility 40.0¢ 376.5:. 25.6¢ 22.6¢ 26.21
CPF 3, Kuparuk Central Production Facility 39.52 284.7" 104.9: 36.7: 24.9¢
Crude Qil Topping Un 0.01 0.6( 0.07 0.04 0.0t
Endicott Production Facili 3.7¢ 112.9! 9.0( 0.0¢ 7.7¢
Flow Station #1 (FS : 3.5¢ 311.5( 79.9¢ 2.5¢ 10.0(
Flow Station #2 (FS . 14.9¢ 173.6: 36.8: 5.7¢ 12.4(
Flow Station #3 (FS . 3.3t 444.2; 71.9¢ 3.2¢ 9.0z
Gathering Center #1 (GC 4.3¢ 411.7¢ 80.2( 2.67 10.8¢
Gathering Center #2 (GC 8.8: 236.3! 49.5¢ 2.21 16.1¢
Gathering Center #3 (GC 2.11 201.0¢ 36.6: 1.57 4.9¢
Kuparuk Seawater Treatment Plant (< 1.17% 20.9¢ 0.8¢ 1.1C 0.8¢
Lisburne Production Center (LF 17.1:° 317.8¢ 100.1¢ 8.91 31.9¢
Milne Point Production Facility (MPl 1.1¢ 192.8" 11.57 3.7 5.8¢
Nikaitchug Developme! 11.1¢ 1,068.8: 165.9: 1.6¢ 6.6(
Northstar Production Facility (NO 1.2¢ 49.21 2.8( 0.4¢ 3.4¢
Oooguruk Development Proj 13.51 312.5: 37.0¢ 1.72 8.3t
PBU Central Power Station (CF 4.17 565.4( 42.5¢ 4.3¢ 10.11
Prudhoe Bay Operations Center / M L
Constructiogcgmp (PBOC/MCC) 0.12 2.06 0.88 0.0 0.1
Seawater Injection Plant East (SI 0.9¢ 169.5¢ 14.3i 1.0C 2.2
Seawater Treatment Plant, Prudhoe Bay 181 2143 9.6 0.80 14
(STP)
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Arctic Air Quality Modeling Study-2012 Emissions In
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Table A-14. Subpart W Onshore Natural Gas ProcessgEmissions (tons/yr)

Centrifugal Equipment
Pollutant Compressors Dehydrators Leaks Flares
Benzen 2.1¢F NA? 1.7¢ NA?
CH, 1,517 7.7 1,26( 1,69:
CG, 1,317 3,161 577 332,19
Ethylbenzen 0.1: NA? 0.11 NA?
Toluent 1.92 NA? 1.6( NA?
VOC 24( NA? 20(C NA?
Xylenes 0.5¢ NA® 0.4¢ NA®
H,S 0.12 0 0.1C 0

 Note applicable. Benzene, toluene, ethylbenzerlengyand VOC emissions from these source types
covered under the NEI and ADEC permit data.
Source: U.S. EPA, 2014b

Table A-15. Subpart C North Slope Oil and Gas Fadily Emissions

FaCIIIty CO, CH, N,O

BPXA Central Compressor Pl: 2,858,25 48.3¢ 4.8¢
BPXA Central Gas Facili 2,059,37 34.81 3.4¢
BPXA Endicott Production Facili 716,62 11.4] 1.1F
BPXA Lisburne Production Cen 628,39: 10.6: 1.0¢
BPXA Northstar Production Facili 302,37! 5.8¢ 0.5¢
BPXA Crude Oil Topping Unit, Prudhoe Bay Operati 29731 0.51 0.0¢
Center, Tarmac Camp

BPXA Flow Station # 484,26 8.1¢ 0.8¢
BPXA Flow Station # 544,56! 9.11 0.9z
BPXA Flow Station # 663,28: 11.2] 1.12
BPXA Gathering Center ; 457,87( 8.6: 0.8¢
BPXA Gathering Center ; 459,01 8.6t 0.87
BPXA Gathering Center ; 331,41: 6.2¢€ 0.6:
BPXA Seawater Injection Ple 239,78! 4.0¢€ 0.41
TBPXA SeawateTreatment Plai 193,14! 3.2¢€ 0.3t
ConocoPhillips Alaska In- KRU CPF! 584,45 12.1( 1.3
ConocoPhillips Alaska In- KRU CPF: 359,42¢ 6.7¢ 0.6¢
ConocoPhillips Alaska In- KRU CPF: 354,91. 6.7C 0.67
ConocoPhillips Alaska In- KRU STF 86,01¢ 1.62 0.1¢€
Pioneer Natural Resources Alas- Oooguruk Ti-in Pac 45,05¢ 0.8t 0.0¢

@ CAP and HAP pollutant emission estimates for theegabustion sources are covered under the NEI &ECGA
permit data.
Source: U.S. EPA, 2014a

A-16
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Table A-16. 2012 North Slope Village Power Plant Fal Use — Distillate Heating Oil

(gallons)
Anaktuvuk
Pass Atqasuk Kaktovik Nuigsut Point Hope | Point Lay | Wainwright
Januar 29,212 25,156 35,165 24,746 42,736 27,783 46,174
Februar 26,942 22,761 30,938 12,739 36,570 25,125 43,540
March 29,845 24,683 33,498 3,980 41,636 27,726 48,147
April 25,412 22,469 29,877 0 30,833 24,535 39,749
May 25,160 20,900 28,803 307 32,441 21,445 37,606
June 21,869 18,411 25,991 246 26,569 19,306 35,650
July 22,523 20,001 26,234 15,004 28,163 20,191 37,707
Augus 22,569 20,262 27,729 16,626 32,587 20,928 36,626
Septembe 23,584 19,376 28,254 819 34,565 21,439 30,474
Octobe 25,696 21,331 30,051 2,191 33,562 23,720 35,464
Novembe 27,567 23,016 30,558 13,437 36,846 24,237 41,613
Decembe 29,334 25,196 32,461 17,523 42,715 26,283 46,211
Total 309,713 263,562 359,558 107,618 419,223 282,718 478,961

Sources: Williams, 2014, except for emissions f@inPHope and Wainwright power plants (U.S. EPAL20)

Table A-17. 2012 North Slope Village School Fuel ¥s- Distillate Heating Oil (gallons)

Nunamiat Meade Harold Nuigsut Tikigaq Kari
School River Kaveolook | Trapper School School
(Anaktuvuk School School School (Point (Point Alak School
Pass) (Atgasuk) | (Kaktovik) | (Nuigsut)® Hope) Lay) (Wainwright)
Januar 1,226 4,63¢ 7,845 9,106 4,915 12,330
Februar 3,88¢ 5,197 9,384 5,154 6,053
March 2,485 12,65¢ 6,482 794 8,328 6,259 9,742
April 1,714 7,632 3,560 7,332 7,815 8,758
May 2,74¢ 3,449 4,690 3,175 6,980
June 3,89¢ 3,323 723 2,700 6,158
July 2,504 18 23
Augus 3,457 2,740 850 6,527
Septembe 1,952 2,368 6,932
Octobe 5,577 97¢ 4,132 3,013 4,286 6,364
Novembe 4,345 92¢ 4,603 3,690 6,833 7,186
Decembe 7,146 7,38( 7,305 7,693 5,185 6,395
Total 22,493 44,73’ 53,809 794 59,085 47,172 83,448

¥ Distillate fuel use at Nuigsut Trapper School msited because of the availability of natural gablingsut
Source: Slatton, 2014a.

VERG
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Table A-18. 2012 North Slope Natural Gas Use (mscf)

Barrow
Non-Federal Federal
Generation Non-Federal Users UIC/NARL
(BUECI Power Users (Commercial/ Water Aeronautical
Plant)® (Residential) | Institutional) Plant Radio” Nuigsut®

Januar 76,039 82,774 3,392 10,482 11,000
Februar 69,576 72,621 3,721 8,891 12,288
March 73,539 86,262 3,357 10,887 12,222
April 65,071 59,731 3,383 7,400 11,139
May 57,508 47,120 2,174 5,282 8,418
June 53,157 34,948 1,504 3,275 6,038
July 52,959 27,452 1,282 2,762 5,811
Augus 53,732 24,934 1,231 2,808 5,175
Septembe 52,595 36,139 1,394 3,748 6,417
Octobe 58,937 45,636 1,394 5,281 7,843
Novembe 66,340 59,903 2,638 7,653 11,339
Decembe 78,024 74,526 3,108 9,747 12,646
Total 757,47¢ 652,046 28,578 78,216 27,835 110,335

® Emissions for the BUECI Power Plant were obtaimethfthe 2011 NEI (U.S. EPA, 2013b) and were not
estimated using these data.

b Aeronautical Radio, Inc. natural gas usage waswailable on a monthly basis, but was derived ffiven

periodic invoices.
¢ Nuigsut natural gas usage was not available fo22P013 data were assumed to be representativelaf 2
Source: Nesteby, 2014; Slatton, 2014a.

Table A-19. 2012 North Slope Village Residential Fal Use — Distillate Heating Oil (gallons)

Anaktuvuk
Pass Atqasuk Kaktovik Nuigsut Point Hope | Point Lay | Wainwright
Januar 7,417 7,239 12,017 844 32,524 4,990 19,336
Februar 6,850 6,911 8,652 966 21,584 6,185 14,351
March 13,258 7,523 9,240 1,069 24,728 7,651 18,923
April 5,263 5,433 5,287 0 16,093 3,903 14,220
May 0 4,458 5,319 0 11,352 2,131 8,347
Jun 0 2,325 1,268 0 6,836 1,609 4,742
July 0 1,128 1,025 0 5,123 597 3,896
Augus 0 2,074 2,549 0 7,550 1,779 5,273
Septembe 0 2,670 3,125 0 8,993 1,802 6,108
Octobe 7,618 4,969 6,845 0 12,770 4,839 10,052
Novembe 7,506 5,344 4,247 0 15,181 4,044 13,135
Decembe 13,784 6,977 10,234 0 25,554 5,288 19,552
Total 61,696 57,051 69,808 2,879 188,288 44,818 137,935
Source: Slatton, 2014a
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Table A-20. 2012 Barrow AADT Statistics and VMT Catulations

Length VMT

Street Description AADT (miles) (Daily)
Stevenson (between Ahkovak and llisagvik entre 1,79¢ 2.2 3,94¢
Ahkovak (between Stevenson and 3,60( 0.€ 2,88(
Laura Madison (between Ahkovak and Qaiy: 2,67( 0.7 1,86¢
Eben Hopson (between Stevenson and Br¢ 4,57¢ 0.4 1,83(
Okpik (between Kiogak and 1,37¢ 0.€ 1,10(
Stevenson (between Apayauk and Eben Hoj 2,07( 0.t 1,03t
Laura Madison (between Ahkovak and Tal 4,22¢ 0.z 84t
Stevenson/Brower (between Eben Hopson and Ahk 1,50( 0.t 75C
Momegana (between Ogrook and Ag 2,16( 0.2 64¢
Ahkovak (between Okpik and 1,62¢ 0.Z 48¢
Karluk (betweerTahak and Ahmaogal 67( 0.7 46¢
Eben Hopson/Laura Madison (between Brower and T) 2,25( 0.1 22k
Eben Hopson (between Kiogak and Stever 75( 0.1 75
Total 16,16:

Source: ADOT&PF, 2014

Table A-21. 2013 Fiscal Year North Slope Village Ladfill Open Burning Quantities

(tons)*?
Anaktuvuk Point

Pass Atqasuk Kaktovik Nuigsut Hope Point Lay | Wainwright
July 201. 0 52 127 22¢ 192 19 22z
August 201 22 83 54 297 42( 0 117
Septembe
2012 56 75 46 219 560 37
October 201 0 70 99 272 72¢€ 76 58
Novembel
2012 35 48 37 262 551 38 3
Decembe
2012 0 0 85 262 ( 40 3
January 201 0 52 40 14¢ 0 78 35
February
2013 0 70 14 24% 179 29 3
March 201 0 53 61 272 534 65 14
April 2015 0 87 63 311 161 0 58
May 201 18 52 60 22z 27 37 32
June 201 0 52 26 35¢ 52 201 56
Total FY
2013 131 694 712 3,095 3,402 6R0

¢ Landfill burning quantities were calculated as difeerence between the amount of waste hauled lemdmoun
of waste landfilled.

® Landfill burning quantities were not available fmlendar year 2012; fiscal year 2013 data werenassiio be
representative of calendar year 2012.

Source: Heath, 2014
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Table A-22. Point Sources Data Fields

FIELD_NAME PRIMARY_KEY | REQUIRED | FIELD_TYPE | FIELD_SIZE FIELD_DESCRIPTION
STATE_COUNTY_FIP! Y Y TEXT 5 Populate with "0218!
STATE_FACILITY_IDENTIFIER Y Y TEXT 25 Local facility identifiel
EIS FACILITY_IDENTIFIER N N TEXT 25 Emission Inventory System facility identif
FACILITY_REGISTRY_IDENTIFIEF N N TEXT 25 Facility Registry System facility identifi
TRI_IDENTIFIER N N TEXT 25 Toxic Release Inventory identifi
PERMIT_IDENTIFIER N N TEXT 25 ADEC permit identifier for the facilil
FACILITY_NAME N Y TEXT 80 Name offacility

Description of the facility (e.g., Electrici
FACILTY_DESCRIPTION N N TEXT 80 Generating Unit)

North American Industrial Classificatic
NAICS_PRIMARY N N TEXT 10 System identifier
LOCATION_ADDRESS N Y TEXT 25 Address of the facilil
CITY N Y TEXT 40 City namt
STATE_ABBER N Y TEXT 2 2-digit state abbreviation; populate with "A
ZIPCODE N Y TEXT 10 5 or ¢-digit zip code
EMISSION_UNIT_IDENTIFIEF Y Y TEXT 25 Emission unit identifie
EMISSION UNIT DESCRIPTIOI N N TEXT 40 Description of theemission un
EMISSION UNIT PERMIT IDENTIFIEF N N TEXT 25 ADEC permit identifier for the emission u
PROCESS_IDENTIFIE Y Y TEXT 25 Emission process identifi
PROCESS_DESCRIPTIC N N TEXT 40 Description of the emission proc

ADEC permit identifier for the emissic
PROCESS_PERMIT_IDENTIFIER N N TEXT 25 process

Source Classification Code for the emiss
SCC N Y TEXT 10 process
THROUGHPUT_VALUE N N NUMERIC Single Activity data value to estimate emissi
THROUGHPUT_UON N N TEXT 15 Unit of Measure for the throughput va

Material for the throughput (e.g. "natural (
THROUGHPUT_MATERIAL N N TEXT 40 consumed")
EMISSION RELEASE_ POINT_IDENTIFIE Y Y TEXT 15 Emission release point identif
EMISSION RELEASE POINT_DESCRIPTIC N N TEXT 40 Description of the emission release p

ADEC permit identifier for the emissic
EMISSION_RELEASE_POINT_PERMIT_IDENTIFIEHR N N TEXT 51 release point

Type of emission release point (e.g., sti
EMISSION_RELEASE_POINT_TYPE N Y TEXT 25 fugitive)

For stack releases, angle of release (e.
EMISSION_RELEASE_POINT_ANGLE N Y NUMERIC Single | degrees = horizontal; 90 degrees = vertical)
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Table A-22. Point Sources Data Fields (Continued)

FIELD_NAME PRIMARY_KEY | REQUIRED | FIELD_TYPE | FIELD_SIZE FIELD_DESCRIPTION
STACK_HEIGHT N Y NUMERIC Single Height of the stack from the ground in 1
Exit gas temperature of the stack in deg
EXIT_GAS_TEMPERATURE N Y NUMERIC Single Fahrenheit
STACK_DIAMETER N Y NUMERIC Single Diameter of the stack iinche:
EXIT_GAS VELOCITY N Y NUMERIC Single Exit gas velocity of the stack in feet per sec
Flowrate of the stack gas in cubic feet
EXIT_GAS_FLOW_RATE N Y NUMERIC Single second
FUGITIVE_LENGTH_SIGMAX_F1 N Y NUMERIC Single For fugitive releasedength of the area in fe
FUGITIVE_WIDTH SIGMAY FT N Y NUMERIC Single For fugitive releases, width of the area in
For fugitive releases, angle of release (e.
FUGITIVE_ANGLE_DEGREES N Y NUMERIC Single degrees = horizontal; 90 degrees = vertical)
X_COORDINATE N Y NUMERIC Double Longitude in deciral degree
Y_COORDINATE N Y NUMERIC Double Latitude in deciral degree
YEAR Y Y TEXT 4 Year of emissionestimat
CAS Number of the pollutant or critet
POLLUTANT_CODE Y Y TEXT 20 pollutant abbreviation
POLLUTANT_DESCRIPTIO?" N Y TEXT 80 Pollutant Nam
EMISSION_FACTOR_NUMERATOI N N NUMERIC Double Emission factor valt
Unit of Measure for the numerator of t
EMISSION_FACTOR_NUMERATOR_UOM N N TEXT 15 emission factor (e.g., "LB")
Unit of Measure for the denominator of 1
EMISSION_FACTOR_DENOMINATOR_UOM N N TEXT 15 emission factor (e.g., "TON")
EMISSIONS TP N Y NUMERIC Double Emissions of the pollutain tons per ye:
Type of emissions (e.g., actual, permiti
EMISSIONS_TYPE Y Y TEXT 25 allowable)
MODELED_DATA N N TEXT 25 Name of Emissions Model, if applica
Control status of the emission (e.
CONTROL_STATUS N N TEXT 25 Controlled, Uncontrolled)
CONTROL _DEVICE_1 TYP N N TEXT 50 Primary control devic
CONTROL_DEVICE_1_EFFICIENC N N NUMERIC Single Primary control device efficiency in perc
CONTROL_DEVICE_2 TYP N N TEXT 50 Secondary control devi
CONTROL_DEVICE_2_EFFICIENC N N NUMERIC Single Secondary control device efficiency in per:
CONTROL_DEVICE_3 TYP N N TEXT 50 Third control devic
CONTROL_DEVICE_3 EFFICIENC N N NUMERIC Single Third control device efficiency in perce
CONTROL_DEVICE_4 TYP N N TEXT 50 Fourthcontrol devic
CONTROL_DEVICE_4 EFFICIENC N N NUMERIC Single Fourth control device efficiency in perc
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Table A-23. Nonpoint Sources Data Fields

FIELD_NAME PRIMARY_KEY REQUIRED | FIELD_TYPE | FIELD_SIZE FIELD_DESCRIPTION
STATE_COUNTY_FIPS Y Y TEXT 5 Populate with "02185"
City/community hame; census tract; or sh
SUB_COUNTY_AREA Y Y TEXT 40 identifier
SUB COUNTY_AREA TYPE N Y TEXT 40 Describes the typlesub-county area
STATE_ABBR N Y TEXT 2 2-digit state abbreviation; populate WitAK"
SCC Y Y TEXT 10 Source Classification Code for the esioa process
THROUGHPUT_VALUE N N NUMERIC Single Activity dataalue to estimate emissions
THROUGHPUT_UOM N N TEXT 15 Unit of Measure for theoughput value
Material forthe throughput (e.g. "natural g
THROUGHPUT_MATERIAL N N TEXT 40 consumed")
YEAR Y Y TEXT 4 Year of emissions estimate
CAS Number of the pollutant or criteria pollut:
POLLUTANT_CODE Y Y TEXT 20 abbreviation
POLLUTANT_DESCRIPTION N Y TEXT 80 Pollutant Name
EMISSION_FACTOR_NUMERATOR N N NUMERIC Double Emissi factor value
Unit of Measure for the numerator of the emis:
EMISSION_FACTOR_NUMERATOR_UOM N N TEXT 15 factor (e.g., "LB")
Unit of Measure for the denominator of
EMISSION_FACTOR_DENOMINATOR_UOM N N TEXT 15 emission factor (e.g., "TON")
EMISSIONS_ TPY N Y NUMERIC Double Emissions of the pollutant im&oper year
Type of emissions (e.g., actual, permiti
EMISSIONS_TYPE Y Y TEXT 25 allowable)
MODELED_DATA N N TEXT 25 Name of Emissions Model, if applicable
Control status of the emission (e.g., Control
CONTROL_STATUS N N TEXT 25 Uncontrolled)
CONTROL_DEVICE_1_TYPE N N TEXT 50 Primary contraddce
CONTROL_DEVICE_1_EFFICIENCY N N NUMERIC Single Prary control device efficiency in percent
CONTROL_DEVICE_2_TYPE N N TEXT 50 Secondary contilelice
CONTROL_DEVICE_2_EFFICIENCY N N NUMERIC Single Sextary control device efficiency in percent
CONTROL_DEVICE_3 TYPE N N TEXT 50 Third control deg
CONTROL_DEVICE_3_EFFICIENCY N N NUMERIC Single Thicontrol device efficiency in percent
CONTROL_DEVICE_4 TYPE N N TEXT 50 Fourth controlvitee
CONTROL_DEVICE_4 EFFICIENCY N N NUMERIC Single Fdahrcontrol device efficiency in percent
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Table A-24. Onroad Sources Data Fields

FIELD_NAME PRIMARY_KEY REQUIRED | FIELD_TYPE FIELD_SIZE FIELD_DESCRIPTION

STATE_COUNTY_FIPS Y Y TEXT 5 Populate with "02185"

City/community name; census tra
SUB COUNTY_AREA Y Y TEXT 40 or shape identifier

Describes the type sut-county
SUB_COUNTY_AREA TYPE N Y TEXT 40 area

2-digit state abbreviation; popule
STATE_ABBR N Y TEXT 2 with "AK"

Source Classification Code for t
SCC Y Y TEXT 10 emission process

Activity data value to estima
THROUGHPUT_VALUE N N NUMERIC Single emissions

Unit of Measure for the throughp
THROUGHPUT_UOM N N TEXT 15 value

Material for the throughput (e.
THROUGHPUT _MATERIAL N N TEXT 40 "natural gas consumed")
YEAR Y Y TEXT 4 Year of emissions estimate

CAS Number of the pollutant
POLLUTANT_CODE Y Y TEXT 20 criteria pollutant abbreviation
POLLUTANT_DESCRIPTION N Y TEXT 80 Pollutant Name
EMISSION_FACTOR_NUMERATOR N N NUMERIC Double Emissi factor value

Unit of Measure for the numerat
EMISSION_FACTOR_NUMERATOR_UOM N N TEXT 15 of the emission factor (e.g., "LB")

Unit of Measure for the denominat
EMISSION_FACTOR_DENOMINATOR_UOM N N TEXT 15 of the emission factor (e.g., "TON"

Emissions of the pollutant in tol
EMISSIONS_TPY N Y NUMERIC Double per year

Type of emissions (e.g., actu
EMISSIONS TYPE Y Y TEXT 25 permitted, allowable)

Name of Emissions Model,
MODELED_DATA N N TEXT 25 applicable

Control status of the emission (e.
CONTROL_STATUS N N TEXT 25 Controlled, Uncontrolled)
CONTROL_DEVICE_1_TYPE N N TEXT 50 Primary contraddce
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Table A-24. Onroad Sources Data Fields (Continued)

FIELD_NAME PRIMARY_KEY REQUIRED | FIELD_TYPE FIELD_SIZE FIELD_DESCRIPTION
Primary control device efficiency
CONTROL_DEVICE_1_EFFICIENCY N N NUMERIC Single percent
CONTROL_DEVICE_2 TYPE N N TEXT 50 Secondary contilelice
Secondary control device efficien
CONTROL_DEVICE_2_EFFICIENCY N N NUMERIC Single in percent
CONTROL_DEVICE_3 TYPE N N TEXT 50 Third control deg
Third control device efficiency i
CONTROL_DEVICE_3_EFFICIENCY N N NUMERIC Single percent
CONTROL_DEVICE_4 TYPE N N TEXT 50 Fourth controlvilee
Fourth control device efficiency |
CONTROL_DEVICE_4 EFFICIENCY N N NUMERIC Single percent
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Table A-25. Nonroad Sources Data Fields

FIELD_NAME PRIMARY_KEY | REQUIRED | FIELD_TYPE FIELD_SIZE FIELD_DESCRIPTION

STATE_COUNTY_FIPS Y Y TEXT 5 Populate with "02185"

City/community name; cens
SUB COUNTY_AREA Y Y TEXT 40 tract; or shape identifier

Describes the type of s-
SUB_COUNTY_AREA _TYPE N Y TEXT 40 county area

2-digit state abbreviatior
STATE_ABBR N Y TEXT 2 populate with "AK"

Source Classification Code f
SCC Y Y TEXT 10 the emission process

Activity data value to estima
THROUGHPUT_VALUE N N NUMERIC Single emissions

Unit of Measure for th
THROUGHPUT_UOM N N TEXT 15 throughput value

Material for the throughpt
THROUGHPUT _MATERIAL N N TEXT 40 (e.g. "natural gas consumed"
YEAR Y Y TEXT 4 Year of emissions estimate

CAS Number of the pollutai

or criteria pollutant
POLLUTANT_CODE Y Y TEXT 20 abbreviation
POLLUTANT_DESCRIPTION N Y TEXT 80 Pollutant Name
EMISSION_FACTOR_NUMERATOR N N NUMERIC Double Emissi factor value

Unit of Measure for th

numerator of the emission
EMISSION_FACTOR_NUMERATOR_UOM N N TEXT 15 factor (e.g., "LB")

Unit of Measure for th

denominator of the emission
EMISSION_FACTOR_DENOMINATOR_UOM N N TEXT 15 factor (e.g., "TON")

Emissions of the pollutant
EMISSIONS TPY N Y NUMERIC Double tons per year

Type of emissions (e.g., actu
EMISSIONS TYPE Y Y TEXT 25 permitted, allowable)

Name of Emissions Model,
MODELED_DATA N N TEXT 25 applicable
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Table A-25. Nonroad Sources Data Fields (Continued)

FIELD_NAME PRIMARY_KEY | REQUIRED | FIELD_TYPE FIELD_SIZE FIELD_DESCRIPTION

Control status of the emissi

(e.g., Controlled,
CONTROL_STATUS N N TEXT 25 Uncontrolled)
CONTROL_DEVICE_1_TYPE N N TEXT 50 Primary contraddce

Primary control devic
CONTROL_DEVICE_1_EFFICIENCY N N NUMERIC Single efficiency in percent
CONTROL_DEVICE_2 TYPE N N TEXT 50 Secondary contilelice

Secondary control devic
CONTROL_DEVICE_2_EFFICIENCY N N NUMERIC Single efficiency in percent
CONTROL_DEVICE_3 TYPE N N TEXT 50 Third control deg

Third control device efficienc
CONTROL_DEVICE_3_EFFICIENCY N N NUMERIC Single in percent
CONTROL_DEVICE_4 TYPE N N TEXT 50 Fourth controlvitee

Fourth control devic
CONTROL_DEVICE_4 EFFICIENCY N N NUMERIC Single efficiency in percent
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