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SECTION 1

INTRODUCTION

Shell Offshore Inc. (Shell) proposes to conduct exploratory drilling using the Conical Drilling Unit
(CDU) Kulluk (Kulluk) on the Outer Continental Shelf (OCS) in the Beaufort Sea, Alaska. A
photograph of the Kulluk, an ice Class IV vessel designed for operation in the arctic environment,
is provided in Figure 1-1, and lease block locations relevant to this application are shown in
Figure 1-2. These leases are beyond the Alaska seaward boundary, which is three miles out from
the shoreline, and are therefore administered for air permitting by Environmental Protection
Agency (EPA) under the OCS air regulations in 40 CFR Part 55. This application seeks authority

to operate on all OCS leases currently issued in the Beaufort Sea regardless of lease ownership.

Shell modeled the drilling seasons to begin in July and end November 30. However, Shell will
end all critical drilling operations no later than October 31. Within this timeframe of July through
November, the Kulluk could be an “OCS source” for a total of 120 days. At the earliest, drilling is
planned to begin in July 2012 and will continue seasonally until subsurface resources are

adequately defined.

The proposed program will minimize air quality impacts by employing selective catalytic
reduction (SCR) and oxidation catalyst emissions control technology. Specifically, SCR will be
used to control Nitrogen Oxides (NOx) emissions from the Kulluk’s primary generators, as well as
from the propulsion engines of the two ice management vessels. The Kulluk’s primary generators
will also have oxidation catalysts installed to control emissions of Particulate Matter with an
aerodynamic diameter less than 2.5 microns (PMzs), Volatile Organic Compounds (VOC), and
Carbon Monoxide (CO). In addition, Shell is committing to purchasing only ultra-low sulfur

diesel fuel (ULSD) for the project, which will practically eliminate Sulfur Dioxide (SO») emissions.

The OCS air regulations distinguish between OCS sources located within 25 miles of a state’s
seaward boundary and those located beyond 25 miles of a state’s seaward boundary. The latter
are subject to federal requirements described in Section 5.13 of the OCS air regulations. The
former are subject to the requirements that would apply if they were located in the
“corresponding onshore area (COA)” (section 55.14). The COA in this case is the “Northern
Alaska Intrastate Air Quality Control Region (AQCR)” listed under Alaska rules 18 AAC
50.015(c). The COA rules are contained in Alaska Regulations 18 AAC 50 and include Alaska
new source review requirements. Most of the Beaufort Sea leases are within 25 miles of Alaska’s
seaward boundary, and so are subject to federal and COA requirements. The leases located

beyond this line are subject only to the federal requirements.
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This operating permit application demonstrates that the proposed Kulluk project will comply
with the National Ambient Air Quality Standards (NAAQS), as well as the Alaska Ambient Air
Quality Standards (AAAQS) for ambient Ammonia (NHs) and Reduced Sulfur Compounds
(RSCs). Regarding emission restrictions, there are 4 types of emission units to which the 40 CFR
Part 60 (NSPS) are applicable, the Kulluk compression-ignition internal-combustion engines;
boilers; incinerators; and fuel tanks. No types of emission units are captured by the 40 CFR Part
61 rules. The Alaska rules 18 AAC 50 place limits on some of the Kulluk emission units: Part
50.050(a) limits incinerator opacity and Part 50.055 limits fuel-burning emission unit opacity,
Particulate Matter (PM) and SO emissions.

In accordance with the OCS air regulations (Section 55.4), Shell submitted a Notice of Intent to
apply for a permit by letter to Region 10 (R10) (Natasha Greaves) dated December 10, 2010. Shell
submitted an impact modeling protocol to R10 (Herman Wong) on January 20, 2011.



Figure 1-1: CDU Kulluk




Figure 1-2: Beaufort Sea
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SECTION 2

PROJECT DESCRIPTION AND DEVELOPMENT OF
EMISSIONS

2.1 The OCS Source

The OCS air regulations define “OCS source” as:

[A]ny equipment, activity, or facility which: (1) Emits or has the potential to emit any air
pollutant; (2) Is regulated or authorized under the Outer Continental Shelf Lands Act
(“OCSLA”) (43 U.S.C. §1331 et seq.); and (3) Is located on the OCS or in or on waters
above the OCS. This definition shall include vessels only when they are: (1) Permanently
or temporarily attached to the seabed and erected thereon and used for the purpose of
exploring, developing or producing resources therefrom, within the meaning of section
4(a)(1) of OCSLA (43 U.S.C. §1331 et seq.); or (2) Physically attached to an OCS facility, in

which case only the stationary sources aspects of the vessels will be regulated.

40 CFR Part 55.2. Shell believes that to give effect to the definition’s “erected thereon” criterion, a
floating drilling unit such as the Kulluk cannot become an OCS source until it is sufficiently
stabilized to begin exploratory drilling operations. In other words, while the unit may be
“attached” to the seabed after it has placed the normal ship’s anchor, Shell does not believe that it
is “erected thereon” - or for that matter “used for the purpose of exploring ... resources
therefrom” - until additional stabilizing anchors are placed. Nonetheless, Shell recognizes that
the question of when an exploratory drilling vessel becomes an OCS source is the subject of

current dispute.

In order to avoid potential delay based on the OCS source definition, Shell is, for purposes of this
proposal, willing to accept the most conservative reading of the definition possible. In the future,
Shell expects to seek a more reasonable approach. But for current purposes, this application
assumes that the Kulluk becomes an OCS source when the normal ship’s anchor (the first anchor
placed) grips into the sea floor when the Kulluk is at a location for the purpose of drilling, and
remains an OCS source until the last anchor (also the normal ship’s anchor) is disengaged from
the sea floor. This represents the first to last moment that the Kulluk could be considered

attached to the seabed.
2.2  The Associated Vessels

During exploratory drilling operations, a fleet of associated vessels will support the Kulluk.
These will include: (1) a primary ice management vessel; (2) a secondary ice management vessel,
which will also serve as the tow vessel and anchor handler; (3) an oil spill response (OSR) vessel

carrying and managing smaller work boats; (4) a possible quartering vessel for quartering of



personnel; and (5) a re-supply vessel and waste removal barge or vessel. These vessels will not
be part of the OCS source because they will not be “permanently or temporarily attached to the
seabed and erected thereon and used for the purpose of exploring, developing or producing

resources therefrom” or “physically attached to an OCS facility.”

The OCS air regulations do, however, require that emissions from vessels servicing or associated
with an OCS source be included in the “potential to emit” for that source while enroute to or
from the source when within 25 miles of the source. 40 CFR 55.2. The potential emissions from
the Kulluk OCS source and associated vessels when within 25 miles of the Kulluk, therefore are
included the analysis of possible ambient impacts, as well as the “potential to emit” calculations.
For a majority of the time, the two ice management vessels are expected to be beyond the 25-mile
radius of the Kulluk, and for nearly all the time the resupply vessels will be outside the 25-mile
radius of the Kulluk. There may be other vessels associated with the drilling project, such as a
fuel tanker that will remain at a greater distance than 25 miles from the Kulluk, and their
emissions will not contribute to either the source categorization or the impacts around the Kulluk.
Once the Kulluk begins drilling and for the entire time it is drilling, the OSR vessel and possible

quartering vessel are to be in place near the Kulluk.
2.3 The Scope of the Source for New Source Review Purposes

As discussed further in Section 2.5.2 below, potential emissions of PM:s, Particulate Matter with
an aerodynamic diameter less than 10 Microns (PMig), CO and SO, are all well below the 250-ton(’
per-year Prevention of Significant Deterioration (PSD) major source thresholds, making the

Kulluk a minor source for these parameters. This application requests two additional limits to
ensure that potential NOx emissions from the project will also remain below the major source
threshold, making it a minor source for NOx as well. In addition, hazardous air pollutant (HAP)
emissions will be below the thresholds for major HAP source categorization, and greenhouse

gases (GHG) will be below the major source threshold of 100,000 tons per year.

This application is based on the conclusion that the stationary source subject to permitting is the
Kulluk OCS source alone. The fact that Shell is also in the process of obtaining permits to operate
the Frontier Discoverer drilling vessel in the Beaufort Sea does raise the question as to the scope of
the stationary source. Shell recognizes that a recurring question in the oil and gas operations
context is whether emissions from certain operations should be “aggregated” for new source
review applicability purposes. As discussed below, Shell believes that simultaneous but separate
Kulluk and Discoverer drilling operations in the Beaufort Sea would not support aggregating
emissions from the two operations; they would be separate stationary sources. But in the interest
of avoiding potential for delay associated with a controversial issue, Shell will, for purposes of
this application, accept a restriction that ensures that emissions from the two sources cannot be
aggregated for New Source Review (NSR) applicability purposes. Specifically, Shell will accept a
condition in the Kulluk operating permit stating that Shell cannot operate the Kulluk as an OCS



source in the Beaufort Sea in any season during which another Shell-permitted drill vessel

operates as an OCS source in the Beaufort Sea.

The following discussion provides context for why this commitment means there will be no basis
for aggregating emissions from the proposed Kulluk project with those of any other Shell
operation. Shell provided Region 10 with a detailed analysis of existing case-by-case
determinations and recommendation letters that address the stationary source definition
adjacency criterion in a December 21, 2010 “Shell Position Paper”. The paper explained why a
permit condition prohibiting the Kulluk OCS source from drilling within three miles of the
Discoverer OCS source would ensure that the Kulluk is a separate stationary source. As discussed
in that paper, in all cases addressed by EPA in direct determinations or recommendations to
states, significant functional interdependence was necessary to find two facilities located more

than a mile apart to be “adjacent”.

This conclusion was confirmed recently by the EPA Administrator in an order issued February 2,
2011 (Order Denying Petition for Objection to Permit, In the Matter or Anadarko Petroleum Corp.,
Frederick Compressor Station). The order highlights the lack of “dedicated relationship” between
noncontiguous activities under common control necessary to make them adjacent. Even if the
Kulluk and Discoverer OCS sources operated in the same sea at the same time, they would not
have the type of dedicated relationship that EPA has found necessary to make two
noncontiguous activities “adjacent”. Each drilling unit will have its own associated fleet and
therefore ability to operate fully independent of the other. Shell notes that a statement in the OCS
air regulations preamble reflects EPA’s assumption that even if the two units shared a resupply
vessel, it would not make otherwise separate OCS sources adjacent. EPA stated that “[e]missions
from vessels that service more than one OCS facility will be allocated among all the OCS facilities
that the vessel services, to ensure there will be no double counting of emissions”. 57 Fed. Reg.
40792, 40794 (Sept. 4, 1992). EPA would not direct emissions allocation between OCS sources if it

viewed sharing service vessels as creating a single source.

Despite its confidence that a three-mile restriction would ensure that the Kulluk remains a
separate stationary source, Shell recognizes that there are no bright legal lines in this area, which
can lead to uncertainty. And uncertainty can result in delay. Therefore, for purposes of this
application, Shell is accepting a restriction that is significantly more stringent than three-miles.
For future permitting, Shell hopes to work with the Agency to define reasonable and defensible
restrictions to ensure that noncontiguous activities under common control are not considered
adjacent. In other words, Shell’s commitment for this permit does not set a precedent. Shell is
committing to a prohibition on operating the Kulluk as an OCS source in any season during
which another Shell-permitted drill vessel operates as an OCS source in the Beaufort Sea simply

to ensure that aggregation is not a controversial issue for this permit.



This prohibition ensures that the Kulluk and Discoverer OCS sources will not be adjacent or
interdependent in any way. Given the great distances between the Beaufort Sea lease blocks and

the Shell lease blocks in the Chukchi, the words of the Environmental Appeals Board apply:

Applying the phrase ‘contiguous or adjacent properties” as requiring aggregation of
emissions producing activities spanning hundreds of miles interspersed with vast swaths
of open water that is accessible to the public would distort the ordinary meaning of
“building, structure, facility, or installation” in a manner EPA did not intend when it
promulgated the definition. ... The phrase ‘contiguous or adjacent properties’ must be
understood as connoting a more substantial connectedness, proximity, or continuity that
would correspond to a common understanding of building, structure, facility,

installation, or plant.

In Re Shell Offshore, Inc., Kulluk Drilling Unit and Frontier Discoverer Drilling Unit, OCS Appeal
Nos. 07 & 07-02, Order Denying Review in Part and Remanding in Part, Sept. 14, 2007, at 384-385.
Further, if the two sources cannot operate in the Beaufort Sea together in any one season, there is
no possible way for their operations to be functionally interdependent. Each OCS source will

fully independent and will have to rely on its own associated fleet.
24 ATypical Seasonal Exploratory Drilling Sequence

The Kulluk is a drilling platform without its own propulsion power. With the start of each
drilling season on or after July 1, the Kulluk will be towed by the anchor handler to the location
for the drilling of its first well or part of a well. When it reaches the desired drill position, the rig
will lower the single normal ship’s anchor. When this anchor is secure, the anchor handler will
release the tow cable and the Kulluk will be held in place by the ship’s anchor. The anchor
handler will then go to the leeward side of the Kulluk, extend the first stabilization anchor cable,
connect the high holding power anchor and lower it to the sea floor. The anchor handler deploys
each anchor in a pre-determined sequence, and in this manner all 12 of its main stabilizing
anchors will be placed. No other vessels are involved in the anchoring procedure. Once all the
stabilization anchors are in place, they will be sequentially tensioned and once the anchors are
confirmed to be holding the rig, it will be ready for drilling activity. Shell has evaluated this
anchoring procedure and determined it to be safe for defined location and sea conditions.
Anchor deployment/retrieval will not be attempted in rough sea states. Each anchor will take
about 2.5 hours to deploy, with a total anchoring time of less than 48 hours. Retrieval of the
anchors is a reversal of this placement process, with the ship’s anchor being the final anchor to be
lifted, at which time the tow vessel, which is also the anchor handling vessel, will connect to the
Kulluk and tow it away. Stabilization anchor retrieval takes about the same amount of time as
placement. The stabilization anchors are designed for quick release from the cables so that the
Kulluk can be moved quickly off site in emergency situations. This might occur if unanticipated

thick ice is moving toward the Kulluk and there is insufficient ice management capacity to deflect



it. In the unlikely event that this was to occur, either the Kulluk would return and reconnect to

the anchors or the anchor handling vessel would retrieve the anchors at a later time.

During the time of anchor placement and retrieval the Kulluk’s drill equipment is shut down and
the anchor handler is moving around the Kulluk at low speed and low power. The normal
anchoring is performed with the anchor handler backing up to the Kulluk, securing and extending
the anchor cables out to approximately 800 meters, attaching the anchor, and lowering the
anchors into place. There will be no drilling activity during the activities of anchor placement
and retrieval so this will be a low-emission activity from both the Kulluk and from the associated
fleet.

The drilling process involves three mutually exclusive drilling activities: (1) drilling of the mud-
line cellar (MLC), (2) drilling of the well, and (3) casing, logging, and cementing. The Kulluk
could discontinue drilling after completing the MLC or any of the stages of well drilling and
cementing and logging. Once the Kulluk finishes its mission at a location, whether drilling to
depth or only drilling the MLC, or any other portion of the well, it would raise anchors and either
shut down for the season or move to the next drilling location. From a seasonal perspective, the
Kulluk could drill as many holes as ice conditions and requested limits would allow. In seasons
with the best conditions for drilling, Shell would expect the Kulluk to be able to complete a

maximum of four wells to depth.

The Kulluk will need to be resupplied and have waste removed during the season and this could
occur while it is an OCS source, or when it is between wells and not an OCS source. For
estimation of maximum emissions, Shell assumes a maximum of 24 resupply and waste removal
trips combined, for the 120-day drilling season, which is an average of one every five days.
Resupply or waste removal involves transiting from outside the 25-mile radius to the Kulluk,
loading or unloading, and transiting back out of the 25-mile area. The transits are expected to
take about three hours and the loading up to a maximum of 24 hours. During this 24-hour
period, the vessel would be held in position close to, but not touching, the Kulluk in “dynamic
positioning” (DP) mode, which means that it maintain position with its propulsion engines.
Waste removal could also take the form of a tug bringing a barge to the side of the Kulluk and the
barge tying up to the Kulluk for an extended period of time. As a barge connected to the Kulluk it
would become part of the OCS source, but the barge will have no emissions sources on it to be
regulated. As the barge is tied to the Kulluk, the tug would move away and outside the 25-mile

radius area from the Kulluk.

The ice management fleet will only be within 25 miles of the Kulluk when there is ice to manage
or temporarily for other utility purposes, such as replacing an anchor or exchanging workers at
the Kulluk. These temporary activities would be on the order of an hour in duration at any one
location; and the vessels would be in motion most of that time. Also, as described above, the

secondary ice management vessel will be used to place and retrieve anchors. The OSR vessel and



possible quartering vessel would remain within about five kilometers of the Kulluk, generally not
upwind. At times they will be anchored and when they are, their engines would be providing
power primarily for lighting and other domestic purposes. The OSR vessel would engage in
routine response exercises which would involve use of some of the small work boats transported
on the OSR vessel.

2.5  Emissions from the Kulluk

25.1 Kulluk Sources

The primary Kulluk emissions sources are diesel engines, but also include an incinerator, boilers
and heaters. The largest diesel engines drive generators which power the drill motors but also
the domestic electric requirements. Other diesel engines power other drilling-related equipment,
including hydraulic pumps, cranes, and emergency-related equipment. This emergency-related
equipment includes an emergency generator, an emergency anchor lifting engine, lifeboat
engines, a hydraulic pump for a remote-operated vehicle (ROV), diver equipment, all of which
have highly intermittent use, but will need to be exercised on an infrequent scheduled cycle. The
Kulluk emission units are grouped for permitting purposes as source groups of similar engines,
each group with a maximum emission limit (pounds per day) of NOx and PM,s. Since SO»
emissions are a function of the fuel quality, its emissions are limited by restricting the sulfur in
the fuel. CO and VOC will be low and by limiting NOx and PMz5, the emissions of CO and VOC
are also capped to a sufficient accuracy to guarantee acceptable impacts. All units are diesel-
fueled. Tables 2-1, 2-2, and 2-3 provide listings of the source groups of the Kulluk (and associated
fleet, which is discussed later). There are diesel fuel tanks, listed on Table 2-4, which will have
negligible emissions because of the low vapor pressure of diesel fuel, especially at Arctic

temperature.

As described earlier, the drilling of each well is comprised of three mutually exclusive activities:
(1) the drilling of the MLC, (2) the drilling of the well, and (3) logging, cementing, and casing.
The MLC (also called a top hole) is a hole about 20 feet in diameter and about 36 feet deep,
created to house the well cap and blowout preventer (BOP). Drilling of the MLC involves high
use of the primary generators, air compressors, and MLC Hydraulic Power Units (HPU). MLC
drilling represents the activity with the highest hourly emissions from all source groups

combined. Each MLC is expected to take up to five days per well.
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Table 2-1: Daily Maximum Emissions for Each Source Group — MLC Activity

NOx PMa2s PMuo Cco SO;

Source Group by Vessel 1b/day 1b/day Ib/day Ib/day Ib/day
Kulluk

Generation 456.1 71.3 71.3 206.3 12.8

MLC HPU'S 887.8 35.5 35.5 479 2.6

Air compressors 710.2 14.8 14.8 42.8 2.6

Cranes 63.9 2.6 2.6 34 0.2

Heaters & Boilers 21.3 3.5 85 5.3 15

Seldom-used units 24 2.7E-02

Emergency Generator 9.9 0.1

Incinerator 5.0 23.2 27.2 496.8 4.1
Primary Ice Management

Propulsion & Generation 2,032.8 317.6 317.6 919.6 56.8

Heaters & Boilers 35.6 5.9 5.9 8.9 25

Seldom-used units | 68| o5| 05| 18 | 20E-02

Incinerator 55 25.9 30.3 554.4 4.6
Secondary Ice Management / Anchor Handler

Propulsion & Generation 2,032.8 317.6 317.6 919.6 56.8

Heaters & Boilers 35.6 5.9 5.9 8.9 25

Seldom-used units _ 1.8 2.0E-02

Incinerator 55 25.9 30.3 554.4 4.6
Resupply Ship - transport mode

Propulsion & Generation 0.0 0.0 0.0 0.0 0.0

Seldom-used units 0.0 0.0 0.0 0.0 0.0
Resupply Ship - DP mode

Propulsion & Generation 1,826.2 76.1 76.1 550.8 6.8

Seldom-used units 0.4 4.1E-03
OSR wessel

Propulsion & Generation 1,065.3 44.4 44.4 321.3 4.0

Seldom-used units 18 2.0E-02

Incinerator 45 21.0 24.6 450.0 3.8
Quartering vessel

Propulsion & Generation 1,369.7 114 114 55.1 6.8

Seldom-used units 1.8 2.0E-02

Incinerator 45 21.0 24.6 450.0 3.8
OSR work boats

Work boats 2574 20.6 20.6 69.4 0.8

TOTAL- (Ib/day) 10,894 1,050 1,070 5,685 178

TOTAL- (Ib/day)-w/o Egen 10,600 1,026 1,046 5,606 177

shading represents proposed requested limit to be demonstrated on a daily basis



Table 2-2: Daily Maximum Emissions for Each Source Group — Drilling Activity

NOx PM;s PMso (6{0) SO,

Source Group by Vessel Ib/day Ib/day Ib/day Ib/day Ib/day
Kulluk

Generation 206.3 12.8

MLC HPU'S 0.0 0.0

Air compressors 0.0 0.0

Cranes 34 0.2

Heaters & Boilers 5.3 15

Seldom-used units 24 2.7E-02

Emergency Generator 9.9 0.1

Incinerator 5.0 23.2 27.2 496.8 41
Primary Ice Management

Propulsion & Generation 2,032.8 317.6 317.6 919.6 56.8

Heaters & Boilers 35.6 5.9 5.9 8.9 25

Seldom-used units _ 1.8 2.0E-02

Incinerator 55 259 30.3 554.4 4.6
Secondary Ice Management / Anchor Handler

Propulsion & Generation 2,032.8 317.6 317.6 919.6 56.8

Heaters & Boilers 35.6 5.9 5.9 8.9 25

Seldom-used units _ 1.8 2.0E-02

Incinerator 55 25.9 30.3 554.4 4.6
Resupply Ship - transport mode

Propulsion & Generation 0.0 0.0 0.0 0.0 0.0

Seldom-used units 0.0 0.0 0.0 0.0 0.0
Resupply Ship - DP mode

Propulsion & Generation 1,826.2 76.1 76.1 550.8 6.8

Seldom-used units _ 0.4 4.1E-03
OSR wessel

Propulsion & Generation 1,065.3 44 .4 44.4 321.3 4.0

Seldom-used units _ 1.8 2.0E-02

Incinerator 4.5 210 24.6 450.0 3.8
Quartering vessel

Propulsion & Generation 1,369.7 11.4 114 55.1 6.8

Seldom-used units _ 1.8 2.0E-02

Incinerator 45 210 24.6 450.0 3.8
OSR work boats

Work boats 2574 20.6 20.6 69.4 0.8

TOTAL- (Ib/day) 9,296 1,000 1,020 5,594 173

TOTAL- (Ib/day)-w/o Egen 9,002 976 996 5515 172

shading represents proposed requested limit to be demonstrated on a daily basis



Table 2-3: Daily Maximum Emissions for Each Source Group — Cementing and Logging Activity

NOx PM2s PMio Cco SO,

Source Group by Vessel 1b/day 1b/day Ib/day Ib/day Ib/day
Kulluk

Generation 322.0 50.3 50.3 145.7 9.0

MLC HPU'S 0.0 0.0 0.0 0.0 0.0

Air compressors 0.0 0.0 0.0 0.0 0.0

Cranes 5.7 0.3

Heaters & Boilers 5.3 15

Seldom-used units 24 2.7E-02

Emergency Generator 9.9 0.1

Incinerator 5.0 23.2 27.2 496.8 4.1
Primary Ice Management

Propulsion & Generation 2,032.8 317.6 317.6 919.6 56.8

Heaters & Boilers 8.9 25

Seldom-used units 1.8 2.0E-02

Incinerator 554.4 4.6
Secondary Ice Management / Anchor Handler

Propulsion & Generation 2,032.8 317.6 317.6 919.6 56.8

Heaters & Boilers 35.6 5.9 5.9 8.9 25

Seldom-used units _ 1.8 2.0E-02

Incinerator 55 25.9 30.3 554.4 4.6
Resupply Ship - transport mode

Propulsion & Generation 0.0 0.0 0.0 0.0 0.0

Seldom-used units 0.0 0.0 0.0 0.0 0.0
Resupply Ship - DP mode

Propulsion & Generation 1,826.2 76.1 76.1 550.8 6.8

Seldom-used units 0.4 4.1E-03
OSR wessel

Propulsion & Generation 1,065.3 44 .4 44 .4 321.3 4.0

Seldom-used units 18 2.0E-02

Incinerator 45 21.0 24.6 450.0 3.8
Quartering vessel

Propulsion & Generation 1,369.7 11.4 11.4 55.1 6.8

Seldom-used units 18 2.0E-02

Incinerator 45 21.0 24.6 450.0 3.8
OSR work boats

Work boats 2574 20.6 20.6 69.4 0.8

TOTAL- (Ib/day) 9,204 980 1,000 5,536 169

TOTAL- (Ib/day)-w/o Egen 8,910 957 977 5,457 168

shading represents proposed requested limit to be demonstrated on a daily basis



Table 2-4: Kulluk Diesel Fuel Tanks

Tanks Capacity Unit

Fuel Tank A 680 cubic meters
Fuel Tank B 676 cubic meters
Fuel Tank C 247 cubic meters

Well drilling is expected to consist of drilling a 36-inch-diameter hole to the required interval and
setting 30-inch-diameter steel casing, which is cemented in place to prevent fluid migration
through the annular area to the surface. The top of the 30-inch casing (bottom of the MLC) has a
guide base with receptacles for guidelines that facilitate reentry into the well. Well drilling
activity involves a high use of the primary generators but not the air compressors or MLC HPUs
and is the second highest hourly emission activity. The drilling of the well, below the MLC, is
expected to take up to an additional 12 days per well.

Up to an additional 13 days per well can be consumed in the logging, cementing, and casing of
the well. These activities can occur intermittently while on location and represent the lowest
hourly emission activity scenario. If wells are drilled to depth, Shell anticipates a maximum of
four wells per season for a total of 120 days as an OCS source. Although each well is anticipated
to consume up to about 30 days (5 days for MLC plus 12 days for drilling, plus 13 days for all
other non-drilling activities), the Kulluk could complete a well in a shorter period of time and drill
until the 120-day season is consumed. For demonstration of compliance with ambient standards,

the platform is assumed to be left at a single well site for the full 120-day season.

Cranes are used intermittently throughout the three drilling activities, although they will be used
more during logging, cementing, and casing because of the need to move casing and other
equipment into place. There are multiple operational limits on the cranes that keep the engines
from operating at rated power. The boom lifting capacity limits the engines to approximately 60
percent of nameplate power. Moreover, the nature of crane operation is that it lifts or swings
only for very short periods (minutes) and idles for long periods of time while being loaded and
unloaded. Normally there will be one crane operated at a time on the Kulluk although
infrequently there may be times that two of the three cranes will operate simultaneously. The
requested limits for Internal Combustion (IC) engines (the pound per day limits shown in Tables
2-1, 2-2 and 2-3) will limit crane use to much less than three cranes operating simultaneously at
nameplate engine ratings. The boilers are used for heating and only one is intended for use at
any time, although the emissions and impacts are estimated assuming that both are operating

continually at nameplate capacity.
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2.5.2 Requested Limits

As part of this application, Shell requests that the operating permit for the Kulluk project impose
several additional limits. In some places, this application refers to these limits as “Owner
Requested Limits” or “ORLs”. Shell recognizes that this phrase has specific meaning under
Alaska regulations, but as used in this application, intends it to refer to the requested limits in

both the state and federal contexts.

These requested limits will effectively limit ambient air impacts of emissions from the Kulluk and
associated vessels. In addition, two of the requested limits - the limit on hours of each of the
three drilling activities and limiting NOx emissions to less than 250 tons per year (measured on a
rolling weekly basis) - also ensure that the Kulluk remains a minor source. These two requested
limits are also considered “Owner Requested Limits” under Part 50.225 of the Alaska air
regulations because they are for the purpose of avoiding source classifications, such as PSD.

Shell believes that the specific data required under 50.225(b) are provided within the application.

The requested limits are summarized in Table 2-5; details on the limits, including proposed
compliance and monitoring methods, are provided in the I-COMP forms. Among the requested
limits is a commitment to purchase only ULSD which limits the sulfur in the fuel to under 100
parts per million (ppm) and practically eliminates SO, emissions. ULSD is not available in
Alaska and needs to be barged from outside the Alaska area. Shell agrees to purchase ULSD for
the Kulluk and associated fleet. To limit the annual potential emissions and the frequency of high
short-term potential emissions, Shell proposes ORLs to limit OCS source activities to 2,880 hours
(120 days) per season, to limit MLC drilling to 480 hours (20 days) of that 120-day season, and to
limit combined MLC and drilling to 1,632 hours (68 days) of that 120-day season. Shell also
proposes to limit each source group’s potential emissions of NOx and PM. These ORLs are
shown as shaded values on Tables 2-1, 2-2, 2-3, and on Table 2-5. For all of the source groups
(except incinerator and seldom-used sources) Shell proposes to demonstrate compliance with the
potential emission limit by monitoring daily fuel consumption (gallons per day) and applying it
to the demonstrated source group emission factor (pound per gallon). The Kulluk incinerator is
intended for disposal of non-hazardous domestic and industrial waste. It is to be limited in
operation by ORL to 12 hours of use, during the daytime, expected to be 8 a.m. to 8 p.m. During
that time it could operate at capacity. Compliance for the incinerator would be tracked through
recording of the time it is operated over each day applied to capacity emission factors (pound per
hour). The measuring of daily fuel consumption and operating time are simple, accurate and

effective ways to track compliance.
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Table 2-5: Summary of Requested Restrictions

Owner Requested Limit (ORL) Value

MLC drilling 480 hours per season (20 days)

MLC and well drilling combined 1,632 hours per season (68 days)

All OCS source activities combined 2,880 hours per season (120 days)

Number of resupply /waste removal trips | 24 per season

Kulluk incinerator 12 hours per day, 8 a.m. through 8 p.m.

Fuel Sulfur content - Kulluk and Fleet Purchase ULSD, less than 0.01% during use

All IC engine and heater groups A set of emission limits (Ib/day) for each pollutant,
highlighted in Tables 2-1, 2-2, and 2-3.

Annual NOx emissions for Kulluk and Less than 250 tons per year

Fleet

There are multiple emergency and small source units, including life-boat propulsion engines,
diver emergency air compressors, and a larger emergency generator. These exist for emergency
purposes and are not planned to be used, but they need short and infrequent exercising. This
engine exercising results in very minor emissions from each emission unit, and exercising the
individual unit emissions will be spaced throughout a weekly or longer period. In other words,
the units will not be exercised simultaneously, but will be relatively randomly spaced over at
least a two-week or longer period of time. Therefore an ORL of total emissions from these
sources, and demonstrated on a weekly time frame, is both practical and reasonable. Compliance
with this will be based on a small-engine set of emission factors and tracked through weekly fuel
consumption. (For impact modeling purposes, the larger emergency generator emissions are
broken out of the seldom-used source allowance and modeled as a 2-hour emission occurrence
once every 30 days, consistent with the U.S. Coast Guard (USCG) emergency generator exercising

requirements.)

To ensure that the proposal remains a minor source for NOx, Shell requests a condition limiting
NOx emissions to less than 250 tons per year, to be demonstrated on a weekly rolling annual total
basis. The NOx emissions from the Kulluk and the ancillary vessels (when within 25 miles of the
Kulluk) will be summed for this weekly demonstration. Table 2-6 shows that the NOx emissions
summed over all of the short-term potential emission limits, assuming maximum operations for a
full 120-day season would be 279 tons, but in the exploration operations context, Shell is certain
that actual emissions will be below 250 tons per year and will demonstrate this on the weekly
totaled annual sum of NOx emissions. From the annual emission inventory on Table 2-6, which
shows all other pollutant emission rates substantially lower than NOx, Shell proposes that by
demonstrating compliance with only the annual NOx emissions, all other pollutants will be well
below the 250 tons per year limit and it should not be necessary to separately demonstrate this

annual emission limit for any of the other regulated pollutants.
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Table 2-6: Annual Maximum Emissions for Each Source Group

NOx PM_ 5 PMyo Cco SO,

Source Group by Vessel tons/year | tons/year | tons/year | tons/year | tons/year
Kulluk

Generation 239 3.7 3.7 10.8 6.7E-01

MLC HPU'S 8.9 0.4 0.4 0.5 2.6E-02

Air compressors 7.1 0.1 0.1 04 2.6E-02

Cranes 4.9 0.2 0.2 0.3 1.5E-02

Heaters & Boilers 1.3 0.2 0.2 0.3 9.1E-02

Seldom-used units 5.4E-01 |4.3E-02 | 4.3E-02 1.5E-01 1.6E-03

Emergency Generator 7.3E-02 |5.9E-03 | 5.9E-03 2.0E-02 2.2E-04

Incinerator 0.3 14 1.6 29.8 2.5E-01
Primary Ice Management

Propulsion & Generation 46.3 7.2 7.2 21.0 1.3E+00

Heaters & Boilers 0.8 0.1 0.1 0.2 5.7E-02

Seldom-used units 15E-01 [1.2E-02 | 1.2E-02 4.2E-02 4.6E-04

Incinerator 0.1 0.6 0.7 12.6 1.1E-01
Secondary Ice Management / Anchor Handler

Propulsion & Generation 46.3 7.2 7.2 21.0 1.3E+00

Heaters & Boilers 0.8 0.1 0.1 0.2 5.7E-02

Seldom-used units 15E-01 [1.2E-02 | 1.2E-02 | 4.2E-02 4.6E-04

Incinerator 0.1 0.6 0.7 12.6 1.1E-01
Resupply Ship - transport mode

Propulsion & Generation 11.0 0.5 0.5 3.3 4.1E-02

Seldom-used units 8.2E-02 | 6.5E-03 | 6.5E-03 2.2E-02 2.4E-04
Resupply Ship - DP mode

Propulsion & Generation 219 0.9 0.9 6.6 8.2E-02

Seldom-used units 8.2E-02 | 6.5E-03 | 6.5E-03 2.2E-02 2.4E-04
OSR wessel

Propulsion & Generation 38.4 16 16 11.6 1.4E-01

Seldom-used units 4.1E-01 |3.3E-02 | 3.3E-02 1.1E-01 1.2E-03

Incinerator 0.3 13 15 27.0 2.3E-01
Quartering vessel

Propulsion & Generation 49.3 0.4 04 2.0 2.5E-01

Seldom-used units 4.1E-01 |3.3E-02 | 3.3E-02 1.1E-01 1.2E-03

Incinerator 0.3 13 15 27.0 2.3E-01
OSR work boats

Work boats 154 1.2 1.2 4.2 4.6E-02
Total - Annual (120 days) without NOx Limit 279 29 30 192 5
Total - PTE <250 29 30 192 5
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Shell proposes to limit the number of resupply and/or waste removal trips to the Kulluk to 24 per
season. Each resupply trip will consist of a vessel traveling to the Kulluk, going into DP mode
beside the Kulluk for up to 24 hours when materials would be loaded or unloaded, then leaving
the 25-mile radius of the Kulluk. If a barge is to be used, it would be brought in by tug to the side
of the Kulluk, moored there and the tug would move away from the drilling rig. The tug would
return to retrieve the barge and remove it from the 25-mile radius area. The resupply vessel and
waste removal barge/tug emissions are separately capped for the transit activity and the DP

activity, because they are recognized as separate activities for impact modeling purposes.

The per-source-group emission ORL limits for all of the emission units of the three separate
activities (MLC drilling, well drilling, logging, casing and cementing) are shown in shading on
Tables 2-1 through 2-3. The source group ORLs are in the form of emission caps per activity
rather than operational restrictions on specific make and model numbers of emission units. This
provides necessary flexibility in use of and types of equipment needed for drilling and vessel
support, while still demonstrating compliance with the ambient standards. Shell anticipates
possible change-out of engines and vessels, and alteration of use patterns as maintenance

requires and as drilling practices in the Arctic are optimized.

2.5.3 Kulluk Emission Controls

The Kulluk will have SCR as a NOx tailpipe emission control on its primary generators. A control
system vendor guarantee of 1.6 grams per kilowatt-hour (g/kW-hr) for the current 8,500
horsepower (hp) generator engines as a group defines the expected maximum NOx emission rate
for the primary generators. This level of 1.6 g/kW-hr as the maximum for its NOx emission
estimates will be demonstrated through stack testing. The primary generators will also have
oxidation catalysts installed for control of all oxidizeable substances, including PM»5, VOC, and
CO. A PMy;5emission level of 0.25 g/kW-hr is used as the maximum and will be demonstrated
by stack test. CO and VOCs are expected to be controlled to 80 percent and 70 percent
respectively, as estimated in the EPA emission manual, AP-42. Since there is no risk of exceeding
250 tons of either, or of violating the ambient standards for these two pollutants, no stack test

should be necessary to demonstrate these efficiencies.

The other engines normally used in the drilling activities (the air compressors, the MLC HPUs,
and cranes) will also have oxidation catalysts as tailpipe control for oxidizing all oxidize-able
substances, including PM»5, VOC, and CO. AP-42 assumes engine emissions control to be 50

percent for PM5, 80 percent for CO, and 70 percent for VOC.

2.5.4  Fuel Quality

Shell will purchase only ULSD fuel for use in the Kulluk and all of the associated fleet while the
Kulluk is an OCS source. This fuel is produced with a sulfur content of 15 ppm by weight or less.
Use of fuel of this quality for marine vessels is practically non-existent and the current

infrastructure (delivery piping, barges, etc.) for delivering this fuel is not capable of maintaining
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the ULSD quality because of contamination from previously loaded fuel with higher levels of
sulfur. For this reason, although Shell commits to purchasing only ULSD and making a good-
faith effort to ensure delivery of minimum-sulfur fuel, but Shell requests a permissible test limit

of 100 ppm sulfur in the fuel consumed by the Kulluk and associated fleet.

2.5.5 Estimation of Emissions

Emissions for each source group are estimated using emission unit nameplate outputs, adjusted
by system limits and ORLSs, then applying appropriate emission factors and tailpipe control
efficiencies. These emission factors are taken from existing stack test information or
manufacturers’ stated emission factors (for the larger sources) and from EPA’s AP-42 manual (for
the small sources and pollutants of lower importance). These represent maximum expected
emissions and Shell will meet these maximum estimated emissions on a daily basis (weekly basis
for the seldom-used source group). The currently anticipated daily emissions are shown in
Tables 2-1, 2-2, and 2-3 and represent the short-term anticipated potential to emit (PTE) for the
source groups. All the assumptions built into the calculation of emissions of all the emission
groups are listed on the spreadsheets in Attachment A. Emissions for compliance monitoring
purposes will be calculated by tracking fuel consumption for the combustion sources and hours

of operation for the incinerator and applying the appropriate emission factors.

Except for the incinerator, the maximum hourly emissions of all non-emergency sources are
calculated as the 24-hour maximum emissions divided equally into 24 hours. This is a reasonable
assumption for the Kulluk source groups because the 24-hour emissions are also hourly system
limits. It may appear that for the cranes there could be higher individual hourly emissions. In
fact, since there is normally only one crane operator and three cranes operated 30 percent of the
time, that crane operator would need to operate one crane nearly the entire day to operate each
30 percent of the time. Thus the emissions are spread relatively evenly throughout the 24-hour
day. So the 24-hour maximum emission rates are reasonable representations of the hourly
maximum rates. The Kulluk incinerator is limited by ORL to 12 hours of operation, between 8

a.m. and 8 p.m., and its emissions are calculated at nameplate capacity for those 12 hours.

The seldom-used source group is to be tracked on a weekly basis as discussed above. The
emissions from these will be totaled over the week period (168 hours). The only large engine of
these seldom-used engines is the emergency generator at 650 kilowatt (kW) rating, which is
exercised for two hours per month. To account for the generator emissions in the modeling
analysis, the emergency generator is run at maximum output for two hours each 30-day period.
During these two hours the generator has potential emissions of 18.3 pounds NOx per hour (at
current emission factor this is equivalent to 38 gallons per hour) per 30-day period, for a total of
77 gallons per 30-day period. Then the remaining allowable emissions, which are from several
small engines, running at undefined times, are evenly spread over the 30-day period. The weekly
emissions are equal to the total weekly for seldom-used sources minus the weekly component

assigned to the once-per-30-day emergency generator exercising (18 gallons per week).
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With tailpipe emission controls, there could be a concern with emissions during startup and
shutdown when the emission control is not fully effective. In the case of the Kulluk and
associated fleet, the anticipated control devices are oxidation catalysts and selective catalytic
reduction on the primary generators (and ice management fleet propulsion engines). These
source groups with SCR control will have started up to some operating level before the Kulluk
becomes an OCS source or they have entered to 25-mile radius region and will be operational at
some power level throughout the entire time as an OCS source, so startup and shutdown
emissions will not be significant from them. It is anticipated that there will be oxidation catalysts
on some of the other engines. These catalysts, which are similar to those on automobiles in the
United States, warm up in a matter of minutes, so there should be no significant time when these
oxidizing control devices are not working. For the Kulluk and its fleet, there should be no
significant differences in emissions due to startup or shutdown of the sources while the Kulluk is

an OCS source.
2.6 Emissions from the Associated Fleet

As noted above, even though associated fleet vessels are not part of the OCS source, emissions
from vessels servicing or associated with an OCS source must be included in the “potential to
emit” for that source while enroute to or from the source when within 25 miles of the source. The
potential emissions from the Kulluk OCS source and associated vessels when within 25 miles of
the Kulluk, therefore are included the ambient impacts analysis and the “potential to emit”
calculations. The associated fleet is to consist of one primary ice management vessel, one
secondary ice management vessel, which also serves as the anchor handler, one OSR vessel
(which will carry four small work boats on deck), a possible quartering vessel, and a resupply
vessel or vessels. There may be additional associated vessels, such as a tanker or barge or
resupply vessel, but these vessels will remain outside a 25-mile radius region from the Kulluk, so
are not included in the source potential to emit, and because of distance will not contribute to
impacts near the Kulluk. Restrictions on use of the fleet within the 25-mile radius, which
represent reasonable maximum use for drilling purposes, are taken in the form of requested
limits, listed in Table 2-5, with potential emission rate limits by source group included in Tables
2-1, 2-2, and 2-3.

2.6.1 Ice Management Vessels

The Kulluk’s associated fleet is to include a primary ice management vessel and a secondary
vessel. The secondary ice management vessel will have the combined duties of light ice
management and Kulluk anchor handling. Ice management involves deflecting large ice floes that
could impact the Kulluk and keeping them flowing around the Kulluk while it is drilling.
Handling of the Kulluk anchors involves connecting 12 stabilization anchors to the Kulluk,
extending the cables out to the anchoring location, and then placing these anchors on the sea
floor. It also performs the reverse process. The frequency and intensity of ice conditions is

unpredictable and could range from no ice to ice sufficiently dense that the ice management
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vessels have insufficient capacity to push it out of the way. In this extreme case, the Kulluk would
need to disconnect from its anchors and move off-site. The 2003-2005 statistics on ice at the
Sivulliq drill site in the Beaufort Sea show 15 percent frequency of ice at the drill site that would
need to be managed and a 23 percent frequency of ice not at the drill site, but within 30 miles of
the drill site. This statistic was included and further explained in the Discoverer air permit
applications previously submitted to EPA Region 10 (“Outer Continental Shelf Pre-Construction
Air Permit Application Revised, Frontier Discoverer Chukchi Sea Exploration Drilling Program,”
February 23, 2009, and “Outer Continental Shelf Pre-Construction Air Permit Application,
Frontier Discoverer Beaufort Sea Exploration Drilling Program,” January 2010). A reasonable
maximum probability of needing the ice management vessels is considered the sum of these two,

which is 38 percent of the drill season.

When ice is present, the management vessels would be somewhere near or up-floe of the Kulluk
managing the ice. At most other times these two vessels would be beyond the 25-mile radius
from the Kulluk. For emission estimation purposes the ice management fleet is assumed to be
operating at maximum (nameplate rates) rate for 38 percent of the 120-day OCS period. For
modeling purposes, the ice management vessels are assumed to be operating at maximum
emission rate whenever the meteorology indicates that ice is present and assumed to be beyond

the 25-mile radius when the data indicates open water.

Emission units on each ice management vessel include the propulsion engines and engine-
generator sets (generators), heaters, an incinerator, and some seldom-used engines, such as
lifeboat propulsion engines and an emergency generator. Depending on the vessel, it can be
driven either by direct drive from the diesel propulsion engines or by electric motor from the
generators, which in turn are driven by diesel. Thus, there can be a mixture of propulsion
directly from propulsion engines or by way of generators. Both engine types are large (well over
1,000 hp) and usually of the same vintage and therefore have similar emission factors. Thus, the
generation and propulsion engines are grouped for emission estimation purposes. Although the
seldom-used engines will have a variety of emission factors, their emissions are small relative to
the propulsion and generation source group. Therefore, this application uses emission factors
characteristic of small, higher emitting engines (AP-42, Table 3.3-1, small diesel engine emission
factors). In sum, each of the two ice management vessels has four source groups: (1) propulsion
and generation, (2) heaters, (3) incinerator, and (4) seldom-used engines. The estimated
maximum emissions, which are to be taken as ORLs, are shown on Tables 2-1, 2-2, and 2-3. The
propulsion engines and generators will have tailpipe emission controls of oxidation catalyst and
SCR to limit the emissions of NOx, PM, CO, and VOCs, with the same control level assumptions

as are made for the Kulluk.

Maximum emissions from each source group (except the incinerators) on the ice management
vessels are estimated using Shell’s estimation of the maximum fuel to be consumed per day for

each group multiplied by the emission factors in the form of mass of emissions per unit fuel
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consumed. For the propulsion and generation source group and heaters source group, the
maximum fuel consumption assumes engines running at nameplate power level, although
normal maximum operating level for propulsion engines is about 85 percent of nameplate rating.
For the seldom-used engines source group, Shell estimates the maximum fuel consumption from
the frequency and time interval of use of these engines, which is less than one percent of the time.
These emissions are extremely small and from multiple small engines being exercised for short
periods of time that are unrelated in time to the drilling operation. Without any definition of the
times of operation, their emissions will be modeled as averaged over a weekly compliance
demonstration period. For the incinerators, maximum daily emissions are the nameplate

incineration rate for 24 hours.

2.6.2 OSR Vessel and Quartering Vessels

The OSR vessel will be stationed near the Kulluk in preparation for the unlikely event of an oil
discharge from the Kulluk to the water. There is also likely to be a quartering vessel for the OSR
personnel. These vessels will remain in the vicinity of the Kulluk, and when practicable,
anchored. The OSR vessel moves as may be needed to avoid ice floes, adverse sea conditions, or
to assist other vessels in unspecified ways, such as in refueling. The OSR vessel is expected to
carry three to four small work boats. These boats are stored on the OSR vessel and are placed in
the water to conduct spill response training drills, to move personnel and equipment, and to
standby during refueling operations. The OSR fleet will have on-water drills at a maximum
frequency of once per day, and up to eight hours for each exercise. The exercise will normally

consist of two work boats towing an open apex boom and a third moving equipment.

Emissions from the OSR and quartering vessel are divided into the source groups of (1) the large
vessel propulsion and generation on the OSR and quartering vessels, (2) seldom-used engines on
the OSR and quartering vessel, and (3) the work boat propulsion and generation engines. Fuel
consumption for each is estimated from the maximum level of activity and engine sizes expected
for each source group, and maximum vessel sizes. Emissions are estimated using emission
factors available either from stack tests or manufacturer’s data. The maximum expected daily

emissions are proposed as ORLs, which are shown on Tables 2-1 through 2-3.

An additional vessel associated with the OSR fleet will include a tanker and possibly additional
vessels that will reside beyond the 25-mile radius of the Kulluk. The purpose of these vessels is to
provide recovery and storage capacity for oil/ water in the unlikely event of a spill. Because of
this distance of separation, these vessel emissions are not counted with the associated fleet
potential emissions and their emissions impacts would be negligible near the drilling location.

So, its emissions are not included in this analysis.

2.6.3 Resupply Vessels - Transport and DP Transfers

Although the Kulluk will be provisioned at the start of the drilling season, there may be re-

provisioning and refueling needs, and the possible need to remove waste materials, while it is an
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OCS source. Different vessels could be used depending on availability and capability. The re-
provisioning and refueling will be by DP, where the resupply vessel will hold itself in position a
short distance (about 50 feet) from the Kulluk hull, without attaching to it, to the resupply vessel
stern hull, using its propulsion systems. Materials will be loaded on and off using one of the
Kulluk cranes. If waste materials such as drill cuttings are to be transported away from the
Kulluk, they would be loaded onto the re-supply vessel operating in DP mode or onto a barge
that would be moored next to the Kulluk. While attached, that barge would become part of the
OCS source, but would have no emission sources on it. The barge would be brought to and
removed from the Kulluk using a tugboat that would not attach to the Kulluk. In this situation the

tug would be considered a resupply vessel.

For emission estimation purposes, the resupply vessel is considered to transport supplies from
beyond the 25-mile radius of the Kulluk to the Kulluk, at which point it shifts to DP mode for
transfer of supplies or fuel. It could be in DP mode for a maximum of 24 hours, after which it
shifts back to transport mode and leaves the 25-mile radius area. If the resupply vessel is a tug
and barge, the tug and barge would come into the area and the barge would connect to the
Kulluk, taking much less than 24 hours, and then exit the 25-mile radius. Once the barge was
loaded or unloaded, the tug would come back, connect to the barge, and transport it away from
the Kulluk. For emission estimation purposes, there will be a maximum of 24 resupply (including
refueling and waste removal) round trips over the 120-day season (and while Kulluk is an OCS
source). Emissions are calculated assuming use of the largest re-supply vessel Shell is expected

to contract.

The two activity modes for the resupply vessel, transport to and from the Kulluk, and material
transfer in DP mode at the Kulluk are mutually exclusive. The first takes about four hours each
way and consumes less than half of the fuel consumed in DP mode, which can last a maximum of
24 hours. For maximum daily emission estimates, only the DP mode is considered because it is
the larger of the two. DP emissions are estimated with engines operating at a level sufficiently
high to control the vessel in higher sea roughness and yet well below engine capacity because
there must be considerable reserve to allow for short-term emergencies (including breaking away
from DP). This maximum emission rate for the 24-hour period is estimated from a 24-hour DP
fuel allotment and these 24-hour emissions are also representative of the shorter-term maximum
emissions since the decision to transfer supplies in DP mode is made based on the power
required to maintain a position given the roughness of the seas. Sea roughness is driven by
synoptic-scale weather patterns, which change over periods of time greater than 24 hours so the
assumption of continuous levels of sea roughness over 24 hours is a reasonable one. For annual

emissions, both DP and transit emissions are summed over the ORL limit of 24 trips per season.
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2.7  Greenhouse Gas Emissions

The greenhouse gas emissions of Carbon Dioxide (CO.), Methane (CHs), and Nitrous Oxide
(N20) are estimated on Page 14 of Attachment A from the potential annual fuel estimate. Carbon
Dioxide equivalent (COze) potential is 68,000 tons per year, which is well below the major source
threshold of 100,000 tons per year. Thus this source is exempt from the GHG permitting

regulations.
2.8 Alternate Operating Scenario — Electrification of some Emission Units

There is some probability that engines such as those on the cranes, HPUs and MLC compressors
will be electrified and powered by newer and larger primary generators. If this were to occur,
Shell requests that the fuel allotted to any eliminated engines be transferred to the allotment of
the primary generators. Shell would provide notification to EPA if this were to occur. Since the
primary generators are better controlled and the emission factors (pound per gallon) for the
primary generators are lower than for these other engines, this alternate operating scenario
would have lower emissions than the base operating scenario. Thus, under this alternate

operating scenario, both the impact standards and emission limits would continue to be met.
2.9  Other vessels

There may be scientific study vessels in the Beaufort Sea operating concurrently with the Kulluk,
as described in approved OCS Exploration Plans (EPs). Their purposes, sizes, emissions, and
locations are unknown at this time, and since they will not be directly associated with the drilling

program, they are not addressed herein.
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SECTION 3

COMPLIANCE WITH THE AMBIENT AIR QUALITY
STANDARDS

This section describes the applicable ambient air quality standards (Section 3.1), the modeling
methodologies used to determine potential air quality impacts (Sections 3.2 through 3.11), and
the results of the impact analyses from Shell’s proposed OCS Kulluk exploratory drilling
operations in the Beaufort Sea (Section 3.12). As summarized in Section 3.12, the maximum
modeled impacts of the Kulluk and associated fleet show that Shell’s proposed Kulluk Beaufort
Sea exploratory drilling program will comply with the NAAQS/AAAQS.

3.1  Ambient Air Quality Standards

As a minor source and for the leases in the Beaufort Sea, the impact components of the federal
and Alaska regulations include requirements to address the NAAQS and the additional AAAQS

for ambient NHs; and RSCs. The NAAQS and AAAQS applicable to Shell’s proposed OCS Kulluk

exploratory drilling operations in the Beaufort Sea are provided in Table 3-1.

3.2  Emissions Based on Realistic Source Exclusivity for Purposes of
Modeling

As described in Section 2.4, there are physical restrictions limiting the use of some emission units

concurrently with others. For example, there can be no cementing or logging when there is MLC

drilling or well drilling. The HPUs are only used for the drilling of the MLC, less than a five-day

activity per well. Shell has demonstrated compliance under at least three mutually exclusive

operating scenarios and for periods of time during the drilling season that are realistic. Shell also

has demonstrated compliance with the ancillary vessels at any location, so permits should not

have spatial use restrictions.
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Table 3-1: National and Alaska Ambient Air Quality Standards

Averaging NAAQS/AAAQS!
Time (pg/md)
Nitrogen Dioxide (NOy) 1-hour 2 188 (100 ppb)
Annual 100 (53 ppb)
PMys 24-hour? 35
Annual 15
PMio 24-hour * 150
1-hour? 196 (75 ppb)
3-hour® 1,300 (0.5 ppm)
SO,
24-hour ¢ 365 (0.14 ppm)
Annual 80 (0.03 ppm)
co 1-hour® 40,000 (35 ppm)
8-hour © 10,000 (9 ppm)
NH;3 8-hour ¢ 2,100
RSCs 30-minutes © 50

1 National Ambient Air Quality Standards and Alaska Ambient Air Quality Standards.

2 To attain this standard, the 3-year average of the 98t percentile of the daily maximum 1-hour
average must not exceed 100 part per billion (ppb).

3 To attain this standard, the 3-year average of the 98t percentile of 24-hour concentrations must not
exceed 35 pg/md.

4 Not to be exceeded more than once per year on average over 3 years.

5 To attain this standard, the 3-year average of the 99t percentile of the daily maximum 1-hour
average must not exceed 75 ppb.

¢ Not to be exceeded more than once per year.

3.2.1 Emission Sequencing to Replicate Mutually Exclusive Activities

Shell has accounted for the mutually exclusive activities in modeling of the maximum impacts in
the following way. Assuming four wells per season are to be drilled, the emissions are
sequenced as four wells, each with 5 days of MLC drilling, followed by 12 days of drilling of the
well, followed by 13 days of logging, cementing, and casing, which equals a total of 30 days per
well and 120 days of activity for four wells and as an OCS source total per sea. Since MLC
drilling activity has higher impacts than either of the two other activities, its duration is limited to
20 days by ORL. If MLCs take place only 10 days, drilling of the well would be allowed for an
extra 10 days, for a total of 22 days for that well. Impacts during these additional 10 days would
be lower because drilling emissions are the same as MLC except that the air compressors and
MLC HPU units would be turned off. Likewise, if MLCs and drilling of the well combined are
less than 68 days, then there can be logging, cementing, and casing for more than 52 days per sea-

season.
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3.2.2 Proposed Emission Sequencing to Replicate Intermittent Activities

Resupply and waste removal events are limited by ORL to a maximum of 24 trips per season. To
replicate this intermittent activity for modeling purposes, the resupply vessel emissions in DP
mode are turned on for 24 hours every fifth day. The emergency generator on the Kulluk is
exercised for two hours every 30 days. To replicate this for modeling purposes, the model
assumes that emissions of this generator are turned on to capacity for two hours, applied to the
hours of noon to 2 p.m., every 30 days. When the emergency generator is not turned on to
capacity for two hours, the emissions from seldom-used sources (several small engines, possibly
including the emergency generator at low loads) will occur at undefined times and are evenly

spread over the 30-day period and modeled from the emergency generator stack.

The ice management fleet is to be managing ice only when there is ice present near the drill site.
At other times, it is beyond the 25-mile radius of the Kulluk. For modeling, ice management is
included when there is ice present near the site as defined by the dispersion meteorological data
set (which is also when AERMET is used to process the meteorological data) and will be out of
the 25-mile radius when there is no ice (when COARE is used to process the meteorological data).

Attachment B provides more information on open-water and ice conditions in the Beaufort Sea.

The Kulluk incinerator is limited by ORL to operation within the 12-hour period between 8 a.m.
and 8 p.m. The incinerator emissions are turned on and off accordingly in the impact analysis. A
table summarizing the operating duration and frequency for the Kulluk and associated fleet
sources is provided in Table 3-2. In addition, Table 3-3 provides a breakdown of one 30-day well

drilling sequence for the impact analysis.

In order to eliminate possible bias in the meteorology used for the impact analysis, hypothetical
120-day emission sequences are modeled with early season meteorology (likely better
dispersion), July 1 through October 28, and late-season meteorology (likely worse dispersion and
stable ice conditions), August 3 through November 30, and the higher impacts of the two are
taken as representative. The purpose of this is to find the sequence with highest coupled impacts
plus background to be compared with the 98t percentile standards for 1-hour NO; and 24-hour
PM: 5 (see Sections 3.9 and 3.10).
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Table 3-2: Summary of Source Operating Duration and Frequency

Source Operate During? Operating
Cementing/ Duration
Sources MLC  Drilling Logging (hr/day)* Operating Frequency
Kulluk
Generation MAINENGS Yes Yes Yes 24 Every day of listed activity
MLC HPUs MLCHPU_A, _B Yes No No 24 Every day of listed activity
Air Compressors AIRCMP_A, B Yes No No 24 Every day of listed activity
Cranes CRANE_A, B, C Yes Yes Yes 24 Every day
Heaters and Boilers HEATBOIL Yes Yes Yes 24 Every day
Incinerator INCIN_K Yes Yes Yes 12 (Bam - 8pm)  Every day
Seldom-Used Units
(typical operations) SELDOML Yes Yes Yes 24 Every day
Seldom-Used Units
(emer. gen. exercising) SELDOMH Yes No No 2(12pm-2pm)  Every 30 days
Associated Fleet
Resupply Ship RESUP_DP Yes Yes Yes 24 Every 5 days
Ice Management ICEMGMT Yes Yes Yes 24 On days when ice is present
OSR Ship OSR_MAIN Yes Yes Yes 24 Every day
Quarterting Ship OSR_QTR Yes Yes Yes 24 Every day
OSR Work Boats OSR_WORK Yes Yes Yes 24 Every day

* When the source is operating.
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Table 3-3: Breakdown of One 30-Day Well Drilling Sequence for the Impact Analysis

Operations (hours/da

MLC (5 days)

Source 1 2 3 4 5
Kulluk

Generation 24 24 24 24 24
MLC HPUs 24 24 24 24 24
Air Compressors 24 24 24 24 24
Cranes 24 24 24 24 24
Heaters and Boilers 24 24 24 24 24
Incinerator ! 12 12 12 12 12
?t‘;lsl‘:: - ;f:ii“;g 24 24 24 24 24
Seldom-Used Units

(emer. gen. exercising) 2 S e 2

Associated Fleet

Resupply Ship3 -0 -0 -0 -0 24
Ice Management 24 24 24 24 24
OSR Ship, OSR Work

Boats, Quarterting Ship 24 4 24 2u A

1 Incinerator operates from 8 a.m. to 8 p.m. every day.

2 Emergency generator is exercised 2 hours every 30 days (12 p.m. to 2 p.m. assumed).

3 Resupply ship has 24 visits to the Kulluk every 120 days (i.e., one visit every 5 days).

¢ Ice management only occurs when ice is present; no ice management during open water conditions.



3.3  Physical Characterization of the Emission Units
3.3.1 Kulluk

A plan view of the Kulluk preliminary source unit configuration is provided in Figure 3-1.

Per EPA’s Screening Procedures for Estimating the Air Quality Impact of Stationary Sources,
Revised (EPA-454/R-92-019, October 1992) document: sources that emit the same pollutant from
several stacks with similar parameters that are within about 100 meters of each other may be
analyzed by treating all of the emissions as coming from a single representative stack. Several
sources on the Kulluk are located next to each other, and merging the stacks for modeling
purposes is appropriate because of similarities in source size and location. For these, single-
source stack parameters with combined emissions are used by Shell (e.g., three generation stacks
are modeled as a single stack). For other sources (e.g., three cranes), Shell has chosen not to

pursue source co-locations and to explicitly model each individual stack on the Kulluk.

Given the configuration of the stacks and structures on the Kulluk, plumes may be down-washed
and pulled into the structures” wake region. For the analysis, the structure downwash
parameters used in AERMOD are calculated using the Building Profile Input Program (BPIP)
(Version 04274). The building height and location information used in the BPIP analysis are also
indicated on Figure 3-1. Attachment E, Page 3 also contains the specific building coordinates

used in the BPIP analysis.

Although each well is expected to take no more than 30 days to complete, at which time the
Kulluk will move to another location, the impact modeling is performed under the assumption
that the Kulluk remains at a single location for 120 days. Thus the impact modeling includes four
times as much emissions and days of impact than should actually occur at any one location.
Furthermore, on these days, the sources are emitting at their maximum (their PTE) which in
practice never happens continuously. Thus the impact modeling for the Kulluk will produce

impacts above that which would be expected from actual Kulluk drilling activities.
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Figure 3-1: Layout of Emission Units on the Kulluk
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3.3.2 Emissions as a Function of Load

There are occasional circumstances when impacts from a source are higher at partial load than at
full load. A loads analysis was performed to compare load vs. impact for the hourly NOx impact
and 24-hour PM, s impact from the Kulluk generators at two loads, the maximum of which is 100
percent of nameplate rating, and the operationally desirable minimum operating level of half (50
percent) of nameplate rating. Although these engines do not cause the largest local impacts, they
are representative of different models of diesels and therefore should be representative of the
smaller engines also. These are the engines that have the most complete emissions at partial load
data available. Incinerator emissions at various loads are not available in the literature or from
the manufacturer. Its anticipated use pattern is to receive occasional batches and to supply heat
at design heat rate for short periods of time; so it would emit at capacity rate but for short periods

of time.

As mentioned above, the Kulluk generator engines were modeled at two loads, 50 and 100 percent
load. Each load has a separate emission factor and set of stack parameters, provided in
Attachment E, Page 1 with references. From this table it is apparent that even though the engines
may operate at low loads, it is the emissions and stack parameters of maximum load that causes
the highest emissions and impacts. Therefore the impact analysis results summarized in Section
3.12 are based on engines operating at maximum load. Note that the ice management and anchor
handler ships are also considered in the impact analysis at maximum load. Based on previous
evaluations of these types sources (Discoverer PSD permit applications, revised September 2009)

the maximum impacts occur at the maximum loads levels.

3.3.3 Associated Fleet

With respect to the modeling of impacts from the vessels associated with the Kulluk, the ice
management/anchor handling vessels, the resupply/waste removal ship, and the
OSR/ quartering vessels are all considered to be generic vessels. Emissions from all three are

estimated as described in Section 2.4 and their impacts are included in the analyses.

The locations of these vessels are on an as-needed basis and changing with winds, environmental
conditions, supply needs, training needs, and so on. For ice management purposes, the vessels
will generally be within a 5 kilometers (km) radius of the Kulluk, but when there is no ice present,
which is most of the time, they will be more than 25 miles away. The ice floes are primarily
driven by the wind, but sea current also affects the direction of the ice floe, so during ice

management the vessels will be generally upwind, but not necessarily directly upwind.

Location of the ice management vessels and associated emissions for modeling purposes during
ice management is evaluated based on earlier experience with the Kulluk. (Full Scale Experience
with Kulluk Stationkeeping Operations in Pack Ice [With Reference to Grand Banks Developments]
submitted to The National Research Council of Canada [on behalf of PERD Sub-Task 5.3 Oil & Gas]
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PERD/CHC Report 25-44, B. Wright & Associates Ltd., July 2000, Section 5.5.) This report provides a
thorough explanation of ice management practices, based on experience with the Kulluk drilling
in the 1980s. Depending on the type of ice, speed, and direction of ice floe, there are different
patterns that could be used to fragment the ice so that it can flow around the Kulluk. For ice that
is not thick, there is intermittent use of the icebreakers, and for fragmenting the ice the vessels
would travel at relatively high speed, up to 10 knots (kts) (the High Speed Approach) taking
about 30 minutes to fragment a typical 1 km x 5 km area up-floe of the Kulluk. Then they would
stand idle for a period of time. When there is minimal ice motion, the vessels would fragment the
ice in the area around the Kulluk and then stand idle for the next fragmentation episode. For
thicker and moving ice, which is common in the Beaufort, the “Picket Boat Approach” would
generally be used. With the Picket Boat Approach the vessels are continually fragmenting at
higher power so this approach to ice fragmenting is assumed for purposes of estimating
maximum emissions and for defining location of the vessels during periods of maximum

emissions for impact modeling purposes.

With the Picket Boat Approach, the up-flow distance to the nearer ice management vessel is
based on the need to be located six hours up-flow, which is the time it would take for the ice at
that location to reach the Kulluk. At an average floe speed of 0.15 meter per second (m/s), the up-
flow distance of the nearer vessel would be 3.24 km. The primary vessel would be farther up-
flow. No distance is provided for this primary vessel in the study, so it is estimated to be 5 km
based on separation distance between vessels for safety purposes. So, for impact modeling
purposes, the vessels could range anywhere from the Kulluk out to 5 km in ice management
activities that consume the higher level of power (assumed to be maximum propulsion power).
The “picket” work would be with the secondary vessel that could come near the Kulluk to clear
around the hull. Thus, the ice management vessel emissions are defined as occurring uniformly
throughout a pie-shaped area within a 5 km radius from the Kulluk. The width of this area is
estimated from Figure 5-4 of the study, and the text to be approximately 40 degrees. The ice
management vessels average between 6 and 9 kts (7 to 10 miles per hour (mph)) during this
mode of ice management activity, so in one hour, each would travel 7 to 10 miles in this 5-km[]
radius area. This distance represents thorough spreading of emissions across the source pie-

shaped area.

The ice management vessels are characterized as area sources, rather than volume sources
because the Plume Volume Molar Ratio Method (PVMRM) code in the regulatory version of
AERMOD has known coding errors for volume sources, and because a recent EPA beta version of
AERMOD has a limitation regarding the changing of source location on an hourly basis. The
current regulatory version of AERMOD has a known error in the PVMRM code which incorrectly
overestimates the NO> chemistry of point sources when volumes sources are also included in the

model runs.
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EPA has provided Shell a beta version of the AERMOD code which addresses the PVMRM
volume source errors. For selected hours, Shell has verified that the current regulatory version of
AERMOD and the beta version of AERMOD produce similar impacts for area sources (i.e., there
are no PVMRM code errors in the area source routine of the regulatory version of AERMOD).
However, the AERMOD beta code which incorporates code corrections for volume sources with
the PVMRM algorithms for evaluation of NO, impacts, currently does not allow the changing of
source locations hour by hour as is integral to the characterization of the Kulluk associated fleet.
The largest sources for the Kulluk project are the ice management vessels which relocate hourly as
a function of wind direction. Thus, an area source configuration of the ice management vessels
for the Kulluk impact analysis is appropriate both a source characterization standpoint as
described above and from a practical standpoint regarding EPA’s AERMOD tools which are
available for modeling the Shell project.

The anchor handler is also used for handling anchors and bow washing, an activity that requires
the vessel to back up to within tens of meters of the Kulluk and turn its propellers to dislodge
possible patches of ice frozen to the Kulluk’s hull. This activity, and that of anchor handling, are
near the Kulluk, but are at low power, and therefore, low emission levels. The bow washing
activity will occur within the pie-shaped areas described above for modeling the ice management

vessel emissions.

Unlike the ice management vessels that will be moving continuously when managing ice and
within 5 km of the Kulluk, the OSR and quartering vessels are expected to be located to the side or
downwind of the Kulluk, generally in a location where the ice will have been diverted to flow
past the Kulluk in the range of 1 to 5 km from the Kulluk. For modeling purposes, the emissions
from the OSR and quartering vessels are located adjacent to the hull of the Kulluk and are spread
throughout a 2 km by 2 km area. This source characterization is conservative since the OSR
sources are continuously located much closer to the Kulluk than what would occur in reality.

This design also takes into account scenarios where ships would need to approach the Kulluk for

purposes such as refueling and transfer of personnel.

Since the emissions from resupply DP mode are higher than in transit, and since emissions from
transit are spread over a large area, the re-supply/waste removal vessel is modeled in the DP
mode. During DP mode, the resupply/waste removal vessel is stationary, and defined as a point
source with a separation distance of 50 feet from Kulluk hull (near a Kulluk crane) to re-supply

vessel stern.

To determine the hourly plume heights and sigma Z values as a function of hourly
meteorological conditions for the ice management/anchor handler fleet, AERMOD is used in a

two-step process:

34



1. Aline of receptors at several distances downwind out to 5 km (i.e., the extent of the ice
management areapoly source) from Shell’s expected ice management vessel with the
lowest stack height are generated and AERMOD is run on an hour-by-hour basis to
generate AERMOD's debug file, and

2. The results from #1 are used to determine the receptor with the highest concentration for
the given hour for the ice management fleet (in AERMOD’s debug file'). Then, the
plume height and sigma Z values at this maximum impact receptor are used as the initial
plume height and initial sigma Z values of the elevated area sources in AERMOD. This
approach couples the worst-case hourly ice management impacts with the Kulluk impacts

in the full modeling analysis.

These emission heights and area source heights are calculated on an hour-by-hour basis for use in
the impact assessment. The ice management/anchor handler potential emissions are then spread

throughout this elevated, pie-shaped area source.

Note that the Vladimir Ignatjuk is selected for the ice management vessel in #1 since it is the ice
management/anchor handler ship with the lowest stack height and it was the ice management
ship resulting in the lowest plume heights of any candidate ship in previous ice management
plume height evaluations (Discoverer PSD permit applications, revised September 2009). The
Vladimir Ignatjuk ship provides a conservative estimate of plume heights for the generic ice
management ships to be permitted as part of the Kulluk exploratory drilling operations in the

Beaufort Sea.

A similar approach was used to determine the hourly plume heights and sigma Z values for the
area sources used to characterize the main OSR ship (the OSR work boats), and the quartering
ship. In the case of the OSR ships, the evaluation in #1 above was based on impacts downwind
to 2 km (i.e., the extent of the OSR areapoly sources). Information on the ships used in this

analysis are provided in Attachment F.

Table 3-4 provides a listing of the source locations and source release parameters used in the
impact analysis. Figure 3-2 provides a close-up overview of the Kulluk and associated fleet used
in the impact analysis. Figure 3-3 is a graphic showing the entire modeled configuration of ice
management/anchor handler and OSR/quartering area sources (areapoly sources in AERMOD).
Attachment A contains the emissions inventory for the Kulluk and associated fleet, including a

source-by-source summary of emission rates used in the impact analyses.

1 The resulting MODEL.DBG output file was used to determine the area source plume height and sigma Z values in several steps as recommended
by the USEPA [Thurman, James A., USEPA , Communications with M. Wright, Air Sciences, Inc.] November 30, 2010, December 1, 2010 and
December 6, 2010.

35



Table 3-4: Source Locations and Source Release Parameters Used in Impact Analysis

Source
Model Coordinates Release Height Above Exit Exit Stack
Src. X Y Source Main Deck Water Temperature Velocity =~ Diameter
Point Source Description ID (m) (m) Type (m) 1 (m) (deg K) (m/s) (m)
Stack #1: Generation* MAINENGS -38.2 2.8 POINT 6.40 13.72 606 30.5 0.60
Stack #2a: MLC HPU > MLCHPU_A 11.0 36.4 POINT 3.05 10.36 700 40.0 0.18
Stack #2b: MLC HPU 5 MLCHPU_B 11.0 36.4 POINT 3.05 10.36 700 40.0 0.18
Stack #3a: Air Compressor (port) ¢ AIRCMP_A -36.8 12.0 POINT 3.66 10.97 606 30.5 0.60
Stack #3b: Air Compressor (starboard) * AIRCMP_B 25.1 -32.2 POINT 4.69 12.01 606 30.5 0.60
Stack #4a: Crane ° CRANE_A -28.3 28.3 POINT 16.99 2431 672 20.1 0.25
Stack #4b: Crane 5 CRANE_B 30.1 27.9 POINT 16.99 2431 672 20.1 0.25
Stack #4c: Crane 5 CRANE_C 29.7 -29.7 POINT 16.99 2431 672 20.1 0.25
Stack #5: Heaters and Boilers® HEATBOIL -38.5 -53 POINT 6.40 13.72 366 16.1 0.15
Stack #6: Incinerator 5 INCIN_K 11.7 -32.9 POINT 8.81 16.12 623 10.0 0.46
Stack #7a: Seldom-Used Units (typical SELDOML 21 389 POINT 5.76 13.08 700 40.0 018
operations)
Stack #7b: Seldom-Used Units (emerg. gy popy 21 389 POINT 5.76 13.08 700 40.0 0.18
gen. exercising) 6
Stack #8: Resupply Ship? RESUP_DP 87.7 81.5 POINT -1 18.29 650 14.6 0.60
Source
Model Coordinates Release Height
Src. X Y Source Above Water Sigma Z
Areapoly Source Description ID (m) (m) Type (m) # Nodes (m)
Areapoly #1: lce Management/Anchor  1opyioMT  Varies Hourly>  AREAPOLY  Varies Hourly 2 11 Varies Hourly 2
Handler Ships
Areapoly #2: Main OSR Ship OSR_MAIN Varies Hourly 3 AREAPOLY Varies Hourly 2 14 Varies Hourly 3
Areapoly #3: Quartering Ship OSR_QTR Varies Hourly 3 AREAPOLY Varies Hourly 2 14 Varies Hourly 3
Areapoly #4: OSR Work Boats OSR_WORK Varies Hourly 3 AREAPOLY Varies Hourly 2 14 Varies Hourly 3
1 Above main deck which is 7.3 meters (24 feet) above the water surface
2 Determined from an analysis of the ice management/anchor handler ship with the lowest stack height (Vladimir Ignatjuk).
3 Determined from analysis of OSR fleet's ships; The main OSR ship is the Pt. Oliktok, the quartering ship is the Nanugq, and the OSR work boats.
4 From Kulluk 8/2007 stack test (100% load).
5 From Kulluk 2007 permit application. Stack heights revised per e-mail from Marshall Borden on 11/22/2010.
¢ Assume similar to MLC HPUs.
7

ETI, 2010 M/V Harvey Spirit Main Propulsion Engine Starboard Engineering Testing Stack test report, 9/21/10;
ETI, 2010 M/V Harvey Spirit Main Propulsion Engine Starboard Engineering Testing Stack test report, 9/21/10.
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Figure 3-2: Close-up Overview of the Kulluk and Associated Fleet Configuration Used in the Impact Analysis

37



Figure 3-3: Full-Extent Overview of the Kulluk and Associated Fleet Configuration Used in the Impact Analysis
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3.3.4 Associated Vessels Stack Heights as a Function of Power Level

With an unspecified and year-to-year changing fleet such as this, and in particular for the re]
supply vessels, which will have a relatively high impact during DP mode, the vessel with the
highest impact was used in the impact analysis. Normally the largest vessels have the largest
impact, because they have the highest propulsion power and therefore highest emissions, even
though they also have the highest exhaust stacks. This modeling analysis includes a
demonstration that the largest vessels of those anticipated for the re-supply do indeed have the
highest impact. The analysis consisted of modeling the impacts of the vessel with highest
propulsion power (Harvey Spirit) and the vessel with lowest propulsion power (Arctic Seal) of
the range of vessels for re-supply as shown in Table 3-5. Attachment E, Page 2 provides details of
an impact comparison between the Harvey Spirit and Arctic Seal for Shell’s most constraining
ambient standards, 1-hour NO; and 24-hour PMz5, and indicates that the Harvey Spirit is the
highest impacting resupply vessel during DP mode operations. Therefore the impact analysis
results summarized in Section 3.12 are based on the Harvey Spirit as the resupply ship for the
Kulluk.

Table 3-5: Candidate Re-supply Vessels Stack Heights as a Function of Propulsion Power Level

Total Stack
Propulsion Height
Vessel (hp) (m)
Arctic Seal 1,700 8.6
Harvey Spirit 6,140 18.3
Ocean Titan 5,000 10.1
Harvey Explorer 4,520 18.3

3.4  Model Selection

It is Shell’s understanding from verbal discussions at a September 23, 2010 meeting between Shell
and EPA that R10 does not object to Shell’s use of AERMOD with PVMRM chemistry (for NO;
modeling) and AERMOD without PVMRM chemistry for all other pollutants (e.g., CO, PM, SO»)

using offshore meteorology (e.g., Reindeer Island) to model its OCS sources.

To apply AERMOD at offshore locations, Shell has utilized an approach to attempt to better
simulate open-water conditions (compared to running the conventional AERMET meteorological
data processor for AERMOD) by using the Reindeer Island tower and buoy data sets (see Section
3.5) to prepare a meteorological data set suitable for AERMOD. This approach by-passes
AERMET during periods when the sea ice has given way to open water and would utilize

similarity concepts as described in more detail in Attachments B and C. The alternative approach
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by-passes the AERMET meteorological preprocessor using the COARE air-sea flux algorithm?
and overwater meteorological measurements. R10 has encouraged use of AERMOD with an
AERMET-by-pass approach to the meteorological data if the approach does not bias toward

underestimations. An analysis of this approach is currently being reviewed by EPA.3

For this analysis, the most recent version (09292) of AERMOD was used to estimate air quality
impacts resulting from sources of emissions at the project. AERMOD is an advanced modeling
system that incorporates boundary layer theory, turbulence, and effects of terrain features into air
dispersion simulations. It is an EPA-recommended guideline model which is appropriate to
determine impacts from Shell operations at offshore locations. AERMOD has several technical
benefits that are important when modeling impacts from OCS sources that are not available in
Offshore and Coastal Dispersion (OCD) model.

First, AERMOD directly incorporates the Ozone Limiting Method (OLM) and PVMRM chemistry
algorithms in the model code while OCD does not. In order to utilize the PVMRM chemistry, a
model with PVMRM directly coded into the model is necessary (e.g., PVMRM cannot be utilized
as a post-processing routine). AERMOD is the only Guideline model that incorporates PVMRM.

PVMRM has been judged to provide unbiased estimates of the NO,/NOx ratio based on criteria
that are comparable to, or more rigorous than, evaluations performed for other dispersion
models that are judged to be refined, implying unbiased performance. In addition, performance
evaluations show that the PVMRM can realistically predict the NO; fraction at close-in receptors,
yet still provide conservative estimates so that the air quality standards can be protected®.
PVMRM better simulates the Nitric Oxide (NO) to NO, conversion chemistry during plume
expansion compared to OLM, which uses a simplified approach to the reaction chemistry. In
addition, PVMRM is particularly well-suited for the near-field receptor area (also important to

Shell OCS modeling), where maximum modeled NOx concentrations are usually predicted.®

Second, AERMOD contains routines to handle calms or periods of missing data while OCD does

not. OCD output files must be post-processed with routines similar to CALMPRO.

Third, EPA is currently incorporating internal routines in AERMOD to calculate the 98t and 99th

percentile concentrations necessary for comparisons with the new 1-hour NO, and SO, ambient

2 Version 3.0 of the COARE algorithm with journal references can be accessed at:
ftp://ftp.etl.noaa.gov/user/cfairall/wcrp_wgsficomputer programs/cor3 0/

3 ENVIRON 2010b. Evaluation of the COARE-AERMOD Alternative Modeling Approach, Support for Simulation of Shell Exploratory Drilling
Sources In the Beaufort and Chukchi Seas. ENVIRON, 19020 334 Avenue W, Suite 310, Lynnwood, WA 98036; Job No. 0322090, December 16,
2010.

4 MACTEC, 2005. Evaluation of Bias in AERMOD-PVMRM. Final Report, Alaska DEC Contract No. 18-9010-12. MACTEC Federal Programs, Inc.,
Research Triangle Park, NC.

5 Hanrahan, P.L., 1999. The Plume Volume Molar Ratio Method for Determining NO2 / NOx Ratios in Modeling—Part II: Evaluation Studies. J. Air &
Waste Manage. Assoc., 49: 1332-1338.

6 Hanrahan, P.L., 1999. The Plume Volume Molar Ratio Method for Determining NO2 / NOx Ratios in Modeling—Part I: Methodology. J. Air &
Waste Manage. Assoc., 49: 1324-1331.
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standards. These and other future refinements to AERMOD will not be available to OCD unless
EPA decides to update and support this model.

Fourth, AERMOD incorporates the updated prime downwash algorithms, which have improved
upon the older, more simplistic building downwash scheme included in OCD. Building
downwash plays an important role for Shell’s OCS sources when calculating impacts at near-field
receptors. For prior permitting actions of Shell OCS sources, the prime downwash algorithms (in
ISC-PRIME) were utilized for this reason. Thus, there is precedent for using PRIME with OCS
permitting. For its continued permitting of similar exploration activities, Shell believes that
AERMOD is a relevant option for modeling OCS activities given that the Shell OCS leases are for
the most part tens of miles offshore, and the highest impacts from Shell’s OCS activities will

occur at receptors located near the offshore drilling locations.

Fifth, the environmental condition associated with highest emissions is drilling and simultaneous
ice management, which occurs with ice floes and not open water. During this condition, the ice
management ships are managing the ice, essentially fragmenting it so that it will flow around the
drill vessel, but there is negligible open water nearby the drill vessel. AERMOD is more
appropriate than OCD in these surface conditions. During open water circumstances, the ice
management fleet is over 25 miles away from the drill ship (to avoid being a part of the OCS
source). By focusing the impact analysis on this condition, the highest impacts should be more

accurately modeled.

In addition, it is Shell’s understanding that EPA Region 4 has previously allowed the use of
AERMOD for OCS modeling analyses in the Gulf of Mexico so there is EPA precedence for the
use of AERMOD to determine offshore impacts.

3.5  Meteorological Data
3.5.1 Overview of Shell’s Meteorological Stations

Shell operates a meteorological collection network in northern Alaska (both the Beaufort and
Chukchi Seas and coastal areas) to provide data for modeling applications of both offshore and
onshore sources in the North Slope region. Shell’s meteorological collection effort focuses on
both coastal and offshore locations of the North Slope as shown in Figure 3-4. Surface
meteorological observations in this region are or will be collected at Badami (or a possible Barter
Island /Kaktovik replacement), Reindeer Island and Endeavor Island, Wainwright (with Conoco
Phillips), and Point Lay. A buoy was operated near Reindeer Island during the summers of 2009
and 2010. In 2009 and 2010, offshore data were also collected at a buoy operated by Shell
Exploration and Production Company (SEPCO) to support exploration activities in the Beaufort
and Chukchi Seas. A Beaufort Sea buoy was located near the Sivulliq prospect and a Chukchi
Sea buoy was located near the Burger prospect. A thermal profiler has been installed at

Endeavor Island to collect data on the boundary layer structure and mixing heights.
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Figure 3-4: Map of Shell Meteorological Monitoring Stations on the North Slope
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As of January 2011, the following reviewed and quality-assured data are available from the
following Shell meteorological network for use in dispersion modeling of the Beaufort and

Chukchi Sea regions:
Beaufort Sea

e Badami: August 15, 2009 - November 2010 (16 months); data available for 2009 and
2010 drilling seasons

e Reindeer Island tower: April 26, 2009 - November 2010 (19 months); data available for
2009 and 2010 drilling seasons

¢ Reindeer Island buoy: August 5 - September 3, 2009 (approximately 1 month); and
August 18 - September 24, 2010 (approximately 1 month)

e Endeavor Island: May 2010 - November 2010 (7 months)

e Beaufort Sea buoy: August 23 - October 13, 2009 (approximately 1.5 months); and
August 13 - October 11, 2010 (approximately 2 months)

Chukchi Sea

e  Wainwright: November 2008 - September 2010 (23 months); data available for the

entire 2009 drilling season
e Point Lay: June 1, 2010 - November 2010 (6 months)

e Chukchi Sea buoy: September 9 - November 6, 2008 (approximately 2 months); August
28 - September 30 (approximately 1 month); and July 21 - October 20, 2010

(approximately 3 months)

Currently, Reindeer Island is the most complete data set for an offshore location for use in
dispersion modeling. Reindeer Island is a small, natural barrier island located in the Beaufort Sea
roughly 14 km from the northern Alaska mainland. Endeavor Island is an island built by BP for
the Endicott production facility and is located approximately 6 kilometers to the northeast of the
mainland. The Beaufort and Chukchi Sea buoys were deployed to support exploration and
survey activities. These data sets did not receive the same level of quality control and assurance
as the other Shell data sets. Wainwright (Chukchi Sea coast) and Badami (Beaufort Sea coast) are

the most complete data sets for onshore locations.

3.5.2 Meteorological Data for Use with AERMOD

Available data for both 2009 and 2010 are utilized for the impact analyses of all pollutants (e.g.,
PMio, PM25, CO, SO»), except NO,. Consistent with EPA’s requirement (per the Guideline on Air
Quality Models) that permit applicants utilize at least a year of site-specific data, Shell has
modeled the Kulluk impacts using the most recent and complete year of meteorological (2009),

ozone, and NO; background data available for the 1-hour NO analyses. Shell is not considering
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incomplete data sets for 2010 for the 1-hour NO; analyses, given the complex forms of the new 1(]
hour NO> NAAQS, which utilize statistics/ percentiles based on complete years of data and other
data availability issues. Currently, there is no ozone data available in Beaufort Sea region, which
are necessary for the 1-hour NO; analyses described in Section 3.9. The monitoring organization
responsible for the Beaufort Sea ozone station at Barrow (NOAA) has indicated that there is a six-
month lag between the dates of ozone data collection and when the data is made available to the

public.

The details regarding the preparation of 2009 and 2010 meteorological data for input to
AERMOD are complex. Thus, they are provided as Attachments B and C of this report. Data
processing for both the Beaufort and Chukchi Seas are discussed, but only the Beaufort Sea
meteorological data is used in this impact analysis for the Kulluk. Figure 3-5 provides wind roses
for the Beaufort Sea meteorological data used in the impact analyses. The predominant wind
directions for both the 2009 and 2010 meteorological data sets are from the east and east-

northeast.

3.6 Ambient Air Boundary and Receptors

The ambient air standards are applicable at the ambient air boundary and beyond, which
essentially is the nearest location to the Kulluk that the hypothetical public can approach. For this
analysis, that boundary is established by public safety requirements and protection of the drilling
project to be at least 500 meters from the Kulluk hull (i.e., approximately 540 meters from the
center of the Kulluk for location purposes in the impact analysis). Within the 500 meters or
greater area, Shell must have the unchallenged ability to transfer personnel and supplies, and to
manage anchors, ice, and associated fleet vessel operations. This boundary is integral to the
drilling operation; Shell cannot drill in the most prudent and safe manner without this zone of
protection. Such a zone is consistent with plans approved by the Bureau of Ocean Energy
Management, Regulation and Enforcement (BOEMRE). Because this boundary 