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1. INTRODUCTION

Section 7(a)(2) of the Endangered Species Act of 1973, as amended, (ESA) requires each federal
agency to ensure that any action they authorize, fund, or carry out is not likely to jeopardize the
continued existence of any endangered or threatened species or result in the destruction or
adverse modification of critical habitat of such species. When a federal agency’s action “may
affect” a protected species, that agency is required to consult with the National Marine Fisheries
Service (NMFS) or the U.S. Fish and Wildlife Service (FWS), depending upon the endangered
species, threatened species, or designated critical habitat that may be affected by the action (50
CFR 8402.14(a)). Federal agencies may consult informally if they conclude that an action “may
affect, but is not likely to adversely affect” endangered species, threatened species, or designated
critical habitat and NMFS or FWS concurs with that conclusion (50 CFR 8402.14(b)).

For the actions described in this document, the action agencies are the U.S. Department of the
Interior’s Bureau of Ocean Energy Management (BOEM) and Bureau of Safety and
Environmental Enforcement (BSEE), which propose to authorize oil and gas exploration
activities and ensure compliance with the terms and conditions of leasing and exploration
activities on Lease Sale 193 (LS 193) in the Chukchi Sea under the Outer Continental Shelf
Lands Act (OCSLA) over a nine-year period beginning June 2015 and ending June 2024. The
consulting agency for this proposal is NMFS’s Alaska Regional Office. This document
represents NMFS’s biological opinion and conference report (opinion) on the effects of this
proposal on endangered and threatened species and designated and proposed critical habitats.

The opinion and incidental take statement were prepared by NMFS in accordance with section
7(b) of the ESA and implementing regulations at 50 CFR 402.

The opinion is in compliance with section 515 of the Treasury and General Government
Appropriations Act of 2001 (Public Law 106-5444) (“Data Quality Act”) and underwent pre-
dissemination review.

1.1 Background

This opinion considers the effects of the authorization of oil and gas exploration activities for LS
193 under the OCSLA from June 2015 to June 2024. These actions have the potential to affect
the endangered bowhead whale (Balaena mysticetus), endangered fin whale (Balaenoptera
physalus), endangered humpback whale (Megaptera novaeangliae), endangered North Pacific
right whale (Eubalaena japonica), endangered western North Pacific distinct population segment
(DPS) of gray whale (Eschrichtius robustus), endangered sperm whale (Physeter
macrocephalus), endangered western DPS of Steller sea lion (Eumatopias jubatus), threatened
Arctic subspecies of ringed seal (Phoca hispida hispida), and Beringia DPS of bearded seal
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(Erignathus barbatus nauticus),’ as well as the designated critical habitats for North Pacific right
whale and Steller sea lion, and proposed critical habitat for the Arctic subspecies of ringed seal.

This biological opinion and conference report are based on information provided in the January
2015, Biological Assessment; October 2014, Draft Second Supplemental Environmental Impact
Statement (SEIS) on the Effects of Oil and Gas Activities in the Lease Sale 193 in the Chukchi
Sea, Alaska; the updated project proposals, clarifying email and telephone conversations
between NMFS and BOEM staff; and other sources of information. A complete record of this
consultation is on file at NMFS’s Juneau Alaska office.

1.2 Consultation History

On June 18, 2010, by Secretarial Order No. 3302, the U.S. Department of the Interior (USDOI),
Minerals Management Service (MMS) was renamed the Bureau of Ocean Energy Management,
Regulation and Enforcement (BOEMRE). On October 1, 2011, BOEMRE was further re-
organized into two independent bureaus: BOEM, which is responsible for managing
development of the nation’s offshore resources in an environmentally and economically
responsible way, and BSEE, which is responsible for enforcement of safety and environmental
regulations.

On January 2008, the MMS issued a Final Notice of Sale for Chukchi Sea Outer Continental
Shelf Oil and Gas Lease Sale 193 to be conducted in February 2008. On January 31, 2008, a
lawsuit was filed in the U.S. District Court for the District of Alaska (District Court) alleging
violations pursuant to National Environmental Policy Act (NEPA) and the ESA [Native Village
of Point Hope v. Salazar, No. 1:08-cv-00004-RRB (D. Alaska)]. LS 193 was held on February
2008. The MMS issued 487 leases. On July 21, 2010, the District Court issued an Order
remanding LS 193 to BOEM to satisfy its obligations under NEPA in accordance with the
Court’s opinion. BOEM complied with the District Court’s remand and released a Final
Supplemental Environmental Impact Statement in August 2011. The Secretary of the Interior
reaffirmed the lease sale in October 2011. In February 2012, the District Court ruled the USDOI
met its NEPA obligations on remand and dismissed the matter. In April 2012, the plaintiffs
appealed the District Court’s decision to the U.S. Court of Appeals for the Ninth Circuit (Ninth
Circuit).

In a January 22, 2014 opinion, the Ninth Circuit found MMS’s “reliance in the [Final
Environmental Impact Statement] on a one billion barrel estimate of total economically
recoverable oil was arbitrary and capricious.” The Ninth Circuit explained that “NEPA require[s]
[the Agency] to base its analysis on the full range of likely production if oil production were to
occur.” Id. The Ninth Circuit remanded the case to the District Court which further remanded the

1 On July 25, 2014, the U.S. District Court for the District of Alaska issued a decision vacating NMFS’s December
28, 2012, listing of the Beringia DPS of bearded seals as a threatened species (Alaska Oil & Gas Ass’n v. Pritzker,
Case No. 4:13-cv-00018-RPB). NMFS has appealed the district court's decision to the U.S. Court of Appeals for the
Ninth Circuit. While the litigation is pending, our Biological Opinions under section 7(a)(2) of the ESA will
continue to address effects to bearded seals so that action agencies have the benefit of NMFS's analysis of the
consequences of proposed actions on this DPS, even though the listing of the species is not in effect.
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matter to BOEM on April 24, 2014.

BOEM prepared a Draft Second SEIS for LS 193 (BOEM 2014a), in accordance with the April
24, 2014, remand order of the District Court. The Draft Second SEIS analyzes the environmental
effects of potential oil and gas activities associated with LS 193. The analysis is based on a new
exploration and development scenario of 4.3 billion barrels of oil.

BOEM initially contacted NMFS in June 2014 regarding potential reinitiation of consultation in
association with the revised NEPA analysis providing a larger exploration and production
scenario.

On October 10, 2014, BOEM/BSEE requested an incremental step consultation with NMFS
under section 7(a)(2) and conference report under 7(a)(4) of the ESA, but did not provide an
initiation package at that time (BOEM 2014b). The first incremental step consists of proposed
activities associated with exploring and delineating an anchor field on the current 460 leases
within LS 193, and onshore facility construction (years 1-9). However, the consultation also
considers potential impacts through the endpoint of the action as described in the hypothetical
production and development of an anchor field and if successful, the exploration, development
and production of a satellite field, followed by the decommissioning of all of these activities
(years 10-77). BOEM/BSEE determined that the proposed action may affect bowhead whale,
humpback whale, fin whale, North Pacific right whale, western DPS of Steller sea lion, bearded
seal, ringed seal, and their designated and proposed critical habitats. BOEM/BSEE requested that
the biological opinion and conference report be completed by March 2015 (BOEM 2014b).

NMFS responded to BOEM/BSEE on October 24, 2014, indicating that the requested March
2015 deadline for the biological opinion and conference report was not practical in light of the
fact that NMFS had not received a biological assessment from BOEM on the proposed action.
NMFS anticipated completing the biological opinion and conference report by June 2015, prior
to the scheduled commencement of exploratory drilling in July 2015, with the understanding that
we could not produce a biological opinion and conference report without receiving the requisite
information and analysis from BOEM (NMFS 2014).

NMFS received BOEM’s Draft Biological Assessment (BA) on January 20, 2015 (BOEM
2015a). The draft BA omitted North Pacific right whale, western DPS of Steller sea lion, and
their designated critical habitats from the analysis.

NMFS reviewed and commented on the draft BA on February 4, 2015. NMFS highlighted
inconsistencies between the BA and aspects of NMFS’ developing biological opinion and
conference report including: (1) consideration of all interrelated and interdependent actions; (2)
consideration of all the listed species and designated critical habitats that may be impacted by the
proposed action; (3) nationally consistent mitigation measures; and (4) the BA’s omission of an
exposure analysis identifying the spatial and temporal distribution of stressors at particular
intensities and the number of individuals of each listed species likely to be exposed by the
proposed action (NMFS 2015). Despite the information gaps, NMFS continued developing the
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opinion and conference report with the understanding that BOEM would continue assisting in
gathering the remaining information and contribute to an acoustic propagation modeling effort.

Through a collaborative and iterative process, BOEM and NMFS worked to complete the ESA
consultation.

NMFS received the Final LS 193 Chukchi Sea Analysis and Acoustic Propagation Modeling
Report on May 19, 2015(Austin et al. 2015).
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2. DESCRIPTION OF THE PROPOSED ACTION
2.1 Proposed Action

“Action” means all activities or programs of any kind authorized, funded, or carried out, in
whole or in part, by federal agencies. Interrelated actions are those that are part of a larger action
and depend on the larger action for their justification. Interdependent actions are those that have
no independent utility apart from the action under consideration.

This opinion considers the effects of BOEM and BSEE’s authorization of oil and gas exploration
activities (marine seismic, geohazard, and geotechnical surveys, and exploratory drilling) on the
460 active leases contained within LS 193 in the Chukchi Sea and the construction of onshore
facilities between June 2015 and June 2024. The activities comprising the proposed action are
further described below.

The purpose for the broader proposed action (of which the first incremental step is part) is for
BOEM and BSEE to manage the exploration, development, production and decommissioning of
oil and gas resources on the 460 leases issued through LS 193 in the U.S. OCS of the Chukchi
Sea pursuant to OCSLA. The OCSLA sets out a four-stage process for planning, leasing,
exploration, and development and production of oil and gas resources in the OCS.

2.1.1 Incremental Step Consultation

Regulations at 50 CFR 402.14 (k) allow incremental consultation on part of the entire action as
long as that part does not violate section 7(a)(2), there is a reasonable likelihood that the entire
action will not violate section 7(a)(2), and the agency continues consultation with respect to the
entire action. BOEM and BSEE requested incremental section 7 consultation with the proposed
action covering the first step — exploration activities consisting of: (1) marine seismic surveys;
(2) geohazard surveys; (3) geotechnical surveys; (4) exploratory drilling; and (5) onshore facility
construction. The first incremental step consists of activities associated with exploring and
delineating an anchor field on current leases within LS 193, and onshore facility construction
(years 1-9).

As required, the consultation also considers potential impacts through the endpoint of the action:
the hypothetical production and development of an anchor field and if successful, the
exploration, development and production of a satellite field, followed by the decommissioning of
all of these activities (years 10-77).

2.1.2 BOEM and BSEE’s Process for Permitting

Specific permits and authorizations required by BOEM and BSEE affect the progression of oil
and gas exploration activities. The following summarizes BOEM and BSEE’s permitting
process:

e Geological & Geophysical (G&G) Exploration Permits — In accordance with 30 CFR
551, a permit must be obtained from BOEM prior to conducting geological or
geophysical exploration on unleased lands or on lands under lease by a third party. On-
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lease G&G exploration can be conducted under a G&G permit or an Ancillary Notice in
accordance with 30 CFR 550.

e Ancillary Activities — These on-lease activities include geohazard surveys, two-
dimensional (2D) and three-dimensional (3D) deep penetration marine seismic, and
geotechnical surveys. Ancillary activities are conducted in accordance with 30 CFR 550.

e Exploration Plan (EP) — An exploration plan is submitted to BOEM by the lessee to
conduct exploration activities in accordance with 30 CFR 550. An EP is not required to
conduct G&G or ancillary activities.

e Application for Permit to Drill (APD) — a permit must be obtained from BSEE prior to
conducting drilling operations and requires detailed information on the seafloor and
shallow seafloor conditions for the drill site from shallow geophysical surveys in
accordance with 30 CFR 250.

The proposed action consists of ancillary activities (marine seismic surveys, geohazard surveys,
and geotechnical surveys) which would be conducted by lease holders on their leased area(s)
following the notice process under BOEM’s regulations, and drilling activities which would be
authorized under an exploration plan and a permit to drill. Off-lease G&G activities are covered
under a separate Arctic Regional Biological Opinion (NMFS 2013a) and are not included as part
of the proposed action but are included in Section 2.3 Environmental Baseline.

2.1.3 BOEM and BSEE’s Proposed Activities

BOEM and BSEE propose to authorize activities associated with exploring and delineating an
anchor field, including marine seismic, geohazard and geotechnical surveys, and exploratory
drilling on the 460 current leases in LS 193 in the Chukchi Sea, and may involve the construction
of onshore facilities (Table 1).

Table 1. Maximum anticipated level of exploration activities that would occur during
the first incremental step.

- Maximum Number During . .
Activity Type First Incremental Step Activity Period
Open-water season 2D/3D marine 1 July-November
seismic survey
In-ice 2D marine seismic survey 1 October-December
Geohazard survey 5 July-November
Geotechnical survey 5 July-November
Exploratory and delineation June-November
. 28 wells
drilling
Vertical seismic profiling 28 June-November
Onshore facility construction Up to 3 bases, 2 years of Year Round
construction
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The survey and drilling area, within the active leases, consists of 10,541 square kilometers (km?),
and onshore facility construction may cover up to 1.36 km? (see Figure 1).

ARCTIC OCEAN
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Figure 1. Chukchi Sea Program Area and 460 Active Leases issued through LS 193.

A detailed description of marine seismic surveys, geohazard surveys, geotechnical surveys,
exploratory drilling and onshore facility construction are provided in Section 2.3.5 of the Final
Second SEIS (BOEM 2015e), and in Section 2.0 of the BA (BOEM 2015a), and incorporated

here by reference.
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2.1.3.1 Marine Seismic Surveys

Marine seismic surveys (also known as deep penetration seismic surveys) are a type of ancillary
survey conducted to identify prospective oil and gas deposits and to optimize drilling sites on
leases acquired in lease sales. They may include seismic surveys such as: open-water, towed
streamer 2D or 3D surveys, and in-ice towed streamer 2D surveys.

2D deep penetration seismic surveying techniques are used to provide broad-scale information
over a relatively large area and are mostly used for pre-lease exploration or to provide geologic
information. 3D deep penetration seismic surveys are conducted on a closely spaced grid pattern
that provides a more detailed image of the prospect which is used to select the proposed drilling
locations. BOEM assumes that most of the additional marine seismic surveys would be 3D
surveys focusing on specific on-lease targets to identify possible drilling locations. Off-lease
2D/3D deep penetration surveys are typically conducted prior to a lease sale, and were
programmatically analyzed in the Artic Regional Biological Opinion. Those surveys will also be
considered in future, site-specific biological consultations when NMFS receives permit
applications in connection with those surveys. In-ice surveys will also involve towed streamers,
but with the use of an icebreaker operating ahead of the seismic acquisition vessel to clear a path
through the ice.

Under the proposed action, two marine surveys would be conducted during the first incremental
step, with no more than one survey in any given year (see Table 1). One of these surveys would
be an open-water towed 2D/3D seismic survey (July-November), and the other would be an in-
ice 2D seismic survey (October-December).

Open-Water Towed 2D/3D Surveys

Seismic data are collected over a specific area using a grid pattern. These data are analyzed and a
framework of the subsea geology is constructed to assist with locating potential hydrocarbons.
The 2D and 3D surveys use similar survey methods but different operational configurations. 2D
deep penetration seismic surveying techniques are used to provide broad-scale information over
a relatively large area and are mostly used for pre-lease exploration or to provide geologic
information. 3D deep penetration seismic surveys are conducted on a closely spaced grid pattern
that provides a more detailed image of the prospect which is used to select the proposed drilling
locations.

The vessels conducting these surveys generally are 70-120 meters (m) long. Vessels tow one to
three source arrays, of six to nine guns each, depending on the survey design specifications
required for the geologic target. Most operations use a single-source vessel. However, more than
one source vessel will be used when using smaller vessels, which cannot provide a large enough
platform for the total seismic gun array necessary to obtain target depth. The overall energy
output for multiple source vessels will be the same as a single source vessel, but the firing of the
source arrays on the individual vessels will be alternated.
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Vessel transit speeds typically range from 8-12 knots (kn) (12.9-19.3 km/hour) depending on a
number of factors including the vessel itself, sea state, and ice conditions. Marine 3D surveys are
acquired at vessel speeds of approximately 4.5 kn (8.3 km/hour). Seismic surveys are conducted
day and night when ocean conditions are favorable, and one survey effort may continue for
weeks or months, depending on the size of the survey (BOEM 2015e).

The source array is triggered approximately every 10-15 seconds, depending on vessel speed and
on the desired penetration depth. The timing between shots varies and is determined by the
spacing required to meet the geological objectives of the survey; typical spacing is either 25 or
37.5 m, but may vary depending on the design and objectives of the survey. Airguns can be fired
between 20 and 70 times per km. Modern marine-seismic vessels tow up to 20 streamers with an
equipment-tow width of up to approximately 1,500 m between outermost streamers. Streamers
may be 8 km or longer. Biodegradable liquid paraffin, kerosene, and solid/gel are materials used
to fill the streamer and provide buoyancy.

Data-acquisition is affected by number of streamer cables towed by the survey vessel and by
weather/ice conditions. Typically, over the course of a survey, data are not collected between
25% and 30% of the time (or 3-9 days) because of equipment or weather problems. In addition to
downtime due to weather, sea conditions, turning between lines, and equipment maintenance,
seismic surveys could be suspended for biological reasons (proximity to protected species).
Individual seismic surveys could require 15-30 days to cover a 200 square mile (518 km?) area
for an on-lease 3D survey, and 10-30 days to cover 102 line miles for an on-lease 2D survey
(BOEM 20154, c). Approximately 100,000 line-miles (160,900 km) of 2D seismic surveys have
been collected in the Chukchi Sea OCS program area. BOEM assumes that most of the
additional geophysical seismic surveys would be 3D surveys focusing on specific leasing targets
(BOEM 2015a).

In-Ice Towed 2D Surveys

A change in technology has allowed geophysical (seismic reflection and refraction) surveys to be
conducted in thicker sea ice concentrations. Sea ice concentration is defined in terms of percent
coverage in tenths. An area with 1/10 coverage of ice means the area contains sporadic ice floes
that provides for easy vessel navigation; whereas, 10/10 coverage of ice means there is no open
water in the area. This new technology uses a 2D seismic source vessel and an icebreaker. The
icebreaker generally operates ~0.5-1 km (~0.3-0.62 mi) ahead of the seismic acquisition vessel,
which follows at speeds ranging from 4 to 5 kn (7.4 to 9.3 km/hr). Similar to open-water 2D
surveys, in-ice surveys operate 24 hrs a day or as conditions permit.

The seismic airgun arrays and streamers used in-ice are similar to those used in open water
marine surveys. A single hydrophone streamer, which uses a solid fill material to produce
constant and consistent streamer buoyancy, is towed behind the vessel. The streamer receives the
reflected signals from the subsurface and transfers the data to an on-board processing system.
The survey vessel has limited maneuverability while towing the streamer and thus requires a 10
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km (6.2 mi) run-in for the start of a seismic line, and a 4-5 km (2.5-3.1 mi) run-out at the end of
the line (BOEM 2015a). The in-ice 2D seismic survey is anticipated to take 10-30 days to cover
102 line miles on-lease (BOEM 2015c).

2.1.3.2 Geohazard Surveys

Geohazard surveys are another type of ancillary activity used to identify and characterize
potentially hazardous conditions at or below the seafloor. They also identify potential benthic
(occurring on or near the sea bottom), biological communities (or habitats), and archaeological
resources (BOEM 2015a). Geohazard surveys are also called high-resolution, site clearance, and
shallow hazard surveys.

BOEM assumes that a lessee would proceed from marine seismic exploration of a prospect to
exploratory and delineation drilling. At least one year prior to drilling exploratory wells, the
lessee would conduct geohazard surveys to further evaluation the site.

Under the Proposed Action, five ancillary geohazard surveys would be conducted during the first
incremental step, with no more than one survey in any given year (see Table 1). All geohazard
surveys would be in shallow water, and would be conducted between July and November
(BOEM 2015a).

A suite of equipment can be used for geohazard surveys. Most basic components of a geohazard
system include a sound source to emit acoustic impulses or pressure waves, a hydrophone or
receiver that receives and interprets the acoustic signal, and a recorder/processor that documents
the data. The active acoustic systems used for geohazard surveys include: devices for seismic
reflection profiling, such as airgun arrays and subbottom profilers, and; sonar devices, such as
echosounders, and side-scan sonar. Details about each active acoustic system are provided in
Section 2.1.3.5.

A typical geohazard seismic operation consists of a vessel towing an airgun source about 25 m
(82 ft) behind the ship and a 600 m (1969 ft) streamer cable with a tail buoy. The source array
usually is a single array composed of one or more airguns. The ships travel at 3-3.5 kn (5.6-6.5
km/hr), and the source is activated every 7-8 sec (or about every 12.5 m (41 ft))(BOEM 2015a).

Typical seismic surveys cover one proposed drilling location at a time. BOEM regulations
require information be gathered on a 300 x 900 m (984 x 2953 ft) grid, which amounts to about
129 line-kilometers (80 mi) of data per site (NTL No. 05-A01). A typical survey will collect data
from five different sites for a total of ~644 line-kilometers (400 line-miles) per survey (BOEM
2015d). BOEM anticipates that during the first incremental step a total of four site surveys will
be conducted covering a total of 2,575 line-kilometers (1,600 line-miles) (BOEM 2015d). If
there is a high probability of archeological resources, the north-south lines are 50 m (164 ft)
apart and the 900 m (2953 ft) remains the same. Including line turns, the time to survey a lease
block is approximately 36 hrs (BOEM 2015a). In addition, to site surveys, BOEM anticipates
that one geohazard pipeline survey covering approximately 1,418 line-kilometers (881 lines-
miles) may be conducted during the first incremental step (BOEM 2015c).
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Ice gouge surveys generally use echosounders and sidescan sonars to map tracks created by ice
keels dragging along the seafloor (BOEM 2015a).

Electromagnetic Surveys can include natural field electromagnetic and controlled source
electromagnetic surveys (CSEM). Natural field surveys do not introduce electrical currents into
the earth, but use a receiver to detect natural electrical and magnetic fields present. CSEM on the
other hand introduce electrical currents into the earth and measures the resistivity of the seafloor
substrate. This method uses a mobile horizontal electric dipole source and an array of seafloor
electric receivers. The length of the dipole varies between 10-50 m and the system is towed at
approximately 24-40 m above the seafloor at a speed of 1-2 kn. The transmitting dipole emits a
low frequency (typically 0.5 to 10 Hz) electromagnetic signal into the water column and into the
underlying sediments. Subsurface attenuation of the electromagnetic field depends on the
subsurface resistivity and frequency of the source signal (Hesthammer et al. 2010). Prior to
drilling exploration wells, electromagnetic surveys may be conducted over potential prospects to
reduce exploration risk.

2.1.3.3 Geotechnical Surveys

In addition to the ancillary geohazard survey requirements, geotechnical surveys can provide
more detailed information about a prospective site. These surveys are important for
understanding such site characteristics as sediment properties, ice gouges, and a variety of
shallow hazard information (BOEM 2015a).

Geological/geochemical surveys involve collecting bottom samples to obtain physical and
chemical data on surface sediments. Sediment samples typically are collected using a
gravity/piston corer, grab sampler, or dredge sampler. Shallow coring, using conventional rotary
drilling from a boat or drilling barge, is another method used to collect physical and chemical
data on near-surface sediments.

Under the Proposed Action, five ancillary geotechnical surveys would be conducted during the
first incremental step, with no more than one survey in any given year (see Table 1). All
geotechnical surveys would be conducted from July-November (BOEM 2015a).

2.1.3.4 Exploratory Drilling Operations

After marine seismic surveys have identified potential prospects, exploration drilling is needed to
discover and appraise the hydrocarbon reservoir. Exploratory drilling activities conducted on the
OCS follow BOEM and BSEE regulations at 30 CFR Part 550 and 30 CFR Part 250,
respectively. These regulations establish comprehensive requirements for well design based on
site specific geohazard information and marine seismic data, redundant pollution prevention
equipment, testing and verification that equipment is working properly, and training and testing
of personnel in well control procedures. These regulations also establish requirements on the
technical specifications for the specific drilling rig and the drilling unit. No drilling activity can
be conducted until BOEM has approved an Exploration Plan and BSEE approves an Application
for Permit to Drill.
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Under the proposed action, exploration drilling operations will use conventional, rotary drilling
equipment, and will employ a maximum of two mobile offshore drilling units (MODUSs) with
icebreakers and other support vessels for drilling exploration wells. Examples of MODUs
include drillships, semisubmersibles, and jack-up rigs.

Drilling operations are expected to range between 30 and 90 days at different well sites,
depending on the depth of the well, delays during drilling, and time needed for well logging and
testing operations. Considering the relatively short open-water season in the Chukchi Sea OCS
(June-November), BOEM and BSEE estimate that two wells per drilling rig could be drilled,
tested, and abandoned during a single open-water season, assuming both MODUSs were operating
simultaneously. If a discovery is made during exploration well drilling, MODUs would drill
delineation wells to determine the areal extent of economic production. Operators need to verify
that sufficient volumes are present to justify the expense of installing a platform and pipelines.

During the first incremental step, a maximum of 28 exploratory and delineation wells may be
drilled, including dry wells. No more than 4 wells would be drilled annually (see Table 1). All
wells, including successful exploration and delineation wells would likely be plugged and
abandoned rather than converted to production wells because it would require several years
before platforms and pipelines could be installed and oil produced.

Exploratory drilling will disturb an area of the seafloor. The area of disturbance would vary
based on the type of drill rig used, but in general includes disturbance from the mud cellar, the
anchoring system for the MODU (e.g., legs of the jack up rig or footprint of the drillship
anchors), displacement of sediments, and discharges from the drill hole. For example, a previous
drilling operation on the Burger prospect (in the Leased Area) is estimated to have disturbed
1,018 ft? of seafloor per well, and each well cellar excavated 619 yd® of sediment (BOEM
2015a). Cuttings from the well cellar excavation were deposited on the seafloor below the
temperature and salinity stratification layer. It is estimated that the maximum thickness of the
sediment deposition onto the seafloor would be 10.4 ft (3.2 m) and the deposition would
continue out to a horizontal distance of 449 ft (137 m) from the excavation sites, where it would
be 0.4 in (1 cm) thick. The anchoring system of a drill ship with 12 anchors (usually drillships
use 8-12 anchors) would disturb an estimated 78,000 ft? (7,500 m?) of the sea floor (BOEM
2015a).

Drillships

A drillship is a maritime vessel that has been equipped with a drilling apparatus. Most are built to
the design specification of the company, but some are modified tanker hulls that have been
equipped with a dynamic positioning system. Drillships are completely independent, and some of
their greatest advantages are their ability to drill in water depths of more than 2,500m (8,202 ft)
and their ability to sail between areas worldwide.
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For the 2015 drilling season, Shell Qil plans to use both the Noble Discoverer and the
semisubmersible Polar Pioneer for drilling operations in the Chukchi Sea (Shell 2015). The
Discoverer is a drillship, built in 1976, that has been retrofitted for operating in Arctic waters. It
is a 156m (512 ft) drillship with drilling equipment on a turret. It mobilizes under its own power,
so it can be moved off the drill site with help of its anchor handler. Depending on the
circumstances, the procedure and time needed to move off a drill site can change. In
emergencies, this process can be completed in less than one hour. In the event that operations
must be temporarily curtailed due to the advance detection of a hazard, the process could take
from 4 to 12 hours. Typical transit speed of the Noble Discoverer is 8 kn (14.8 km/hour).

Semisubmersibles

A semisubmersible is a MODU with a platform-type deck that contains drilling equipment and
other machinery supported by pontoon columns that are submerged into the water.
Semisubmersibles may either have their own propulsion or be towed into place. Once in place,
they are partially submerged in the water using a pontoon system. This makes them less subject
to rolling and pitching than other types of MODU. Semisubmersibles maintain their position
either by mooring or dynamic positioning, whereby the vessel uses its propulsion system to
maintain position (BOEM 2015a). Semisubmersibles are generally smaller vessels than
drillships. Their noise levels would be comparable, but somewhat less because they have smaller
engines than drillships. The only subsea footprint would be caused by mooring if the vessel were
not dynamically positioned. Support vessels needed for semisubmersibles would be the same as
those needed for drillships.

The Polar Pioneer is a semisubmersible ship and is 279 ft (85m) in length. Positioning is
accomplished with a combination of an eight-point all chain catenary mooring system and
dynamic positioning (Shell 2015).

Jack-up Rig

A jack-up rig is an offshore structure composed of a hull, support legs, and a lifting system that
allows it to be towed to a site, lower its legs into the seabed and elevate its hull to provide a
stable work deck. Because jack-up rigs are supported by the seabed, they are preloaded when
they first arrive at a site to simulate the maximum expected support leg load to ensure that, after
they are jacked to full airgap (the maximum height above the water) and experience operating
loads, the supporting soil will provide a reliable foundation. The actual dimensions of a jack-up
rig would depend on the environment in which the unit would be operating and the maximum
operating water depth. A typical jack up rig with a maximum operating depth of 50 m (164 ft) is
approximately 50 m (164 ft) in length, 44 m (144 ft) beam, and 7 m (23 ft) deep.

Noise levels from jack-up rigs have not been measured in the Arctic or any other environment

(Wyatt 2008), because the main structural surface of the jack-up rig is not in direct contact with
the water. However, noise levels are expected to be similar to or less than noise levels produced
by the drillship discussed above, as jack-up rigs use the same general drilling machinery that is
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the source of underwater noise for drillships. Sound levels transmitted into the water from
bottom-founded structures are anticipated to be less than sound levels from a drillship because
the vibrating machinery is not in direct contact with the water because the platform is above
water. Because the jack-up rig has fewer structures in direct contact with the water, noise levels
are expected to be less.

As with drillships, support vessels are used to assist with ice breaking and ice management, oil
spill response, refueling, resupply, and servicing. There is also the potential for re-supply to
occur via a support helicopter from the shore to the drill site. The total number of support vessels
depends on local conditions and the design of the exploration plan. Section 2.1.3.4 provides
further detail on the number and types of vessels anticipated to support exploratory drilling
operations (BOEM 2015a).

Vertical Seismic Profiling

Vertical seismic profiling (VSP) is a technique carried out by using geophone receivers (sensor
string) located on a cable and placed in a borehole at different depths to record acoustic signals
from an external acoustic source near the wellbore (zero-offset VSP) or from a vessel at different
distances from the wellbore (walk-away VSP).

In all VSP surveys, sensors are lowered down a borehole before production tubing is placed in
the wellbore or the well is abandoned. The sensors lowered down the borehole can be connected
together in strings of 16-36 receivers spaced from 15-150 m (49-492 ft) apart, depending on the
survey objective and other variables. After lowering the sensor string to the lowest portion of the
borehole to be surveyed, the sensors are temporarily attached via a mechanical caliper that
clamps to the side of the wellbore and seismic signals are recorded. Subsequently, the sensor
string is repositioned and the next sets of seismic signals are recorded. Seismic sources used in
V'SP surveys are the same as those used in conventional 2D and 3D seismic airgun surveys.

Zero offset surveys are typically conducted using a single airgun suspended approximately 10 m
below the sea surface by a crane located on the deck of the drilling rig.

Walk-away surveys utilize a workboat with four to eight airguns towed 7-10 m (23-33 ft) below
the surface. These surveys involve a source vessel firing at varying distances from the receivers
within the borehole. The airgun arrays used for these surveys can vary from in volume,
depending upon the survey objective. One version of walk-away surveys requires the source
vessel to travel in a spiral track. The source vessel begins the spiral track at a distance of 200 m
(656 ft) from the borehole and keeps the distance between spirals equal to the number of arrays
times the array separation. Airgun arrays are fired in an alternating fashion with the first array
firing followed by the second array 11-14 s later. At a typical vessel speed of 8.3-9.3 km/hr (4.5-
5 knots), the distance between firings is between 28 and 36 m (92 and 118 ft). The source vessel
continues firing on the spiral path out to a distance of up to 9 km (4.9 nmi). If the borehole
sensor string needs to be raised to another level, the whole procedure is repeated.
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Survey duration depends on the type of survey, objectives, cost of the drilling rig, and equipment
used. A zero-offset survey can take less than a day to complete. A walk-away survey can be
completed in less than one day or may require up to 10 days to complete, however, 30 percent of
that time may be with the airguns in standby mode.

In addition to tying well data to seismic data, the VVSP also allows for converting seismic data to
zero-phase data and distinguishing primary reflections from multiples (BOEM 2015a).

V'SP operations are not considered to be a marine seismic survey for analysis purposes in this
opinion but rather as part of an exploratory drilling program, even though airguns are used for a
short time. It is unlikely that VSPs would be conducted at every exploratory and delineation
well, however, for the purposes of this opinion, BOEM conservatively assumes that VSP would
be conducted in association with each wellbore, resulting in a maximum of 28 VSP occurring
during the first incremental step (see Table 1).

2.1.3.5 Onshore Facility Construction

In conjunction with the beginning of the first incremental step, up to three onshore facilities may
be constructed in the vicinity of Barrow or Wainwright over a two-year period. Construction is
anticipated to occur in the winter from January through December. These onshore facilities
would provide air support, search and rescue capabilities, and personnel housing/equipment
storage (BOEM 2015a).

BOEM assumes that all gravel fill and ground disturbance would be to sedge/grass/moss wetland
and sedge/moss/dwarf shrub wetland habitat (BOEM 2015a).

e Up to approximately 15 acres (6 ha) of tundra would likely be filled for an exploration
camp. The exploration camp would include stationary equipment consisting of
generators, pumps, compressors, and jackhammers. The camp would include housing
facilities, mess hall(s), and recreation as well as vehicle parking;

e If the air support base is located near Wainwright, up to approximately 5 acres (2 ha) of
tundra would be filled to expand the existing Wainwright airport in order to support cargo
(C-130 Hercules) and commercial airlines (Boeing 737);

e Up to approximately 7 acres (3 ha) of tundra would be filled to construct a search and
rescue (SAR) base with a helipad and a road connection to the village of Wainwright or
Barrow. At least one mile of road would be built;

e Gravel would be obtained from approximately 240 acres (100 ha) material site located
near Wainwright or Barrow; and

e Up to approximately 70 acres of tundra at the edge of the gravel fill could be exposed to
gravel/dust spray and dust shadow as a result of onshore facility construction.

In total, onshore facility construction may cover up to 1.36 km?.
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2.1.3.6 Vessel and Aircraft Operations

Mobilization and demobilization of vessels is anticipated to occur from Dutch Harbor with
resupply potentially occurring out of Kotzebue, Barrow, or Wainwright. Oil spill response
vessels may be stationed in Kotzebue Sound.

Under the proposed action, marine vessels would be the primary form of transportation during
the first incremental step. Aircraft would be used to conduct any search and rescue efforts and
would support exploratory drilling activities as well as onshore construction. BOEM anticipates
the following support vessels may be associated with authorized exploration activities (Table 2).

Table 2. Summary of activities and support vessels associated with marine seismic,
geohazard, and geotechnical surveys, and exploratory drilling activities
(BOEM 2015a).

Survey Activity Support Operations Per Activity

Marine Seismic Surveys

1 source/receiver vessel

Deep Penetration Towed-Streamer

2D/3D Surveys 1 support vessel

1 monitoring vessel

1 source/receiver vessel

In-Ice Towed Streamer 2D Surveys -
4 1 icebreaker

Ancillary Geohazard Surveys

1 source/receiver vessel

Geohazard Airgun Surveys 1-2 support vessel

Geohazard Sonar Surveys 1 source vessel
Electromagnetic Surveys 1 source vessel
Ice Gouge Surveys 1 source vessel
Geotechnical Surveys

Geological/Geochemical Surveys 1 vessel

Exploratory Drilling Activities

1-2 Drillship

1-2 Icebreakers/drillship

2-3 Anchor handler

Drilling from a Drillship? 1-3 Offshore supply vessel

1-2 Drilling Discharge Monitoring Science Vessel

1-2 Shallow water vessel

2 Estimated number of vessels associated with drilling from a drillship is based on Shell’s Draft IHA Application
(Shell 2015).
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1-2 Support Tugs

1-2 Resupply Tug and Barge

1 Oil Spill Response Vessel

1 oil spill response barge and tug (offshore)

1 oil spill response barge and tug (nearshore)

1-2 tank vessel for spill storage

1 Containment barge and tug

Regular helicopter transport

1-2 Icebreakers

1-2 tank vessel for spill storage

Drilling from Jack-up Rig 2-3 small support vessels

Regular helicopter transport

Onshore Facility Construction

1-2 barge and tug

Onshore facility construction -
Regular aircraft support

Construction equipment (dozers, graders, dump trucks,
etc.) determined by development plan

1 The number and type of support vessels being proposed for drillship operations is based on Shell’s most recent
IHA application (Shell 2015) which provides the maximum number of vessels anticipated for this type of activity
(27 vessels).

Marine Seismic Surveys

A vessel may conduct seismic surveys day and night, for days, weeks, or months, depending on
the size of the survey and data-acquisition capabilities of the vessel. Vessel operation time
includes not only data collection, but also transit to and from the survey site, deployment and
retrieval of gear, line turns between survey lines, equipment repair, and other planned or
unplanned operations.

During exploration seismic surveys, the vessels would be largely self-contained. Therefore,
helicopters would not be used for routine support of operations. Under the Proposed Action,
during the open-water season smaller support vessels would make occasional trips (one to three
round-trips per survey, depending upon the duration of the survey), probably operating out of
Barrow and/or Wainwright). A mitigation vessel might accompany the seismic survey vessel. No
support vessels would be associated with the in-ice seismic survey; however, an icebreaker
would be present during the survey for ice breaking (Table 2).

Geohazard and Geotechnical Surveys

The maximum number of vessels associated with geohazard surveys are the three vessels
potentially used for airgun surveys. Geotechnical surveys are only anticipated to use a single
vessel for operations (Table 2).
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Exploratory Drilling

For the 2015 open-water drilling season, Shell is proposing to deploy more support vessels and
oil spill response vessels than it did during its 2012 exploration drilling in the Chukchi Sea (Shell
2015; see Table 2). While subsequent drilling operations may vary in number and type of vessels
from those being proposed, Shell’s proposed drilling operation provides the maximum number of
vessels that we anticipate will be associated with drilling from a drillship.

BOEM separately defines ice breaking and ice management. Ice-breaking is defined as opening a
pathway or lead through pack ice, ice floes or landfast ice for the purpose of moving vessels
through sea ice. Ice-breaking occurs in waters with ice. BOEM defines ice management as using
an ice-hardened vessel or icebreaker to move floes away from a stationary vessel, such as a drill
rig, by pushing, towing or passing back and forth upstream of the stationary vessel or drill rig.
Ice management activities take place in an environment that is primarily open water (BOEM
2015a). We anticipate two ice management vessels will support each drilling unit. These vessels
will enter and exit the Chukchi Sea with or ahead of the drilling units, and will generally remain
in the vicinity of the drilling units during the drilling season. Ice management and ice scouting is
expected to occur at distances of 20 mi (32 km) and 30 mi (48 km) respectively. However, these
vessels may have to expand beyond these ranges depending on ice conditions (Shell 2015).

Up to three anchor handlers will support the drilling units. These vessels will enter and exit the
Chukchi Sea with or ahead of the drilling units, and will generally remain in the vicinity of the
drilling units during the drilling season. When the vessels are not anchor handling, they will be
available to provide other general support. Two of the three anchor handlers may be used to
perform secondary ice management tasks if needed.

The planned exploration drilling activities may use three offshore supply vessels (OSVs) for
resupply of the drilling units and support vessels. Drilling materials, food, fuel, and other
supplies may be picked up in Dutch Harbor (with possible minor resupply coming out of
Kotzebue) and transported to the drilling units and support vessels.

Operators may use up to two drilling discharge monitoring vessels or science vessels; one for
each drilling unit, from which sampling of drilling discharges would be conducted. The science
vessel specifications are based on larger OSVs, but smaller vessels may be used.

For Shell’s operations planned for 2015, two tugs will tow the Polar Pioneer from Dutch Harbor
to the Burger Prospect. After the Polar Pioneer is moored, the tugs will remain in the vicinity of
the drilling units to help move either drilling unit in the event they need to be moved off of a
drilling site due to ice or any other event (Shell 2015). We anticipate that a similar number of
tugs may be used in future drilling operations.

Shell may deploy a ROV system from an OSV type vessel that could be used to construct MLCs
prior to a drilling units arriving. If used, this vessel would be located at a drill site on the Burger
Prospect. When not in use, the vessel would be outside of the Chukchi Sea LS planning area
(Shell 2015).
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The oil spill response (OSR) vessel types supporting exploration drilling are listed in Table 2.
One dedicated OSR barge and on-site oil spill response vessel (OSRV) will be staged in the
vicinity of the drilling unit(s) when drilling into potential liquid hydrocarbon bearing zones. This
will enable the OSRV to respond to a spill and provide containment, recovery, and storage for
the initial response period in the unlikely event of a well control incident.

The OSR barge, associated tug, and OSRV possess sufficient storage capacity to provide
containment, recovery, and storage for the initial response period. Shell plans to use two oil
storage tankers (OSTs). An OST will be staged at the Burger Prospect. The OST will hold fuel
for Shell’s drilling units, support vessels, and have space for storage of recovered liquids in the
unlikely event of a well control incident. A second OST will be stationed outside the Chukchi
Sea planning area and will be sited such that it will be able to respond to a well control event
before the first tanker reaches its recovered liquid capacity.

The tug and barge will be used for nearshore OSR. The nearshore tug and barge will be moored
near Goodhope Bay, Kotzebue Sound. The nearshore tug and barge will also carry response
equipment, including one 47 ft. (14 m) skimming vessel, 34 ft. (10 m) workboats, mini-barges,
boom and duplex skimming units for nearshore recovery and possibly support nearshore
protection. The nearshore tug and barge will also carry designated response personnel and will
mobilize to recovery areas, deploy equipment and begin response operations (Shell 2015).

Offshore operations will be services by up to three helicopters operated out of an onshore
support base. Helicopters would fly from Barrow and/or Wainwright at a frequency of one to six
flights per day (approximately 40 roundtrip flights per week). Support-vessel traffic would be
one to three round-trips per week, also out of Barrow and/or Wainwright. After completion of
the shore-bases, air and vessel traffic might alternatively originate from the onshore air support
facility (BOEM 2015¢).

Onshore Facility Construction

During onshore facility construction heavy equipment and materials would be moved to the
coastal site using barges, aircraft, and perhaps winter ice roads. Under the proposed action, one
to two barge trips (possibly from West Dock or Nome) would occur in each of two consecutive
open-water seasons. There could be as many as five transport aircraft (C-130 Hercules or larger)
trips per day during peak periods of base construction (Table 2).

Utilization of winter ice roads would depend on the location of the onshore facilities in proximity
to Wainwright or Barrow, the presence of any existing ice roads, and the Development and
Production Plan (DPP) submitted to BOEM by the lessee. Submission of a DPP would trigger
initiation of a project-specific NEPA analysis and ESA consultation process that would assess
impacts of any proposed ice-roads or additional infrastructure associated with the onshore
facilities on threatened or endangered species and critical habitat. The overall frequency of
transportation in and out of the onshore facilities would decrease substantially after construction
is completed. In construction of the onshore facilities it is anticipated that mobile ground
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equipment such as dozers, graders, crew vehicles would be used (Table 2).

2.1.3.7 Acoustic Equipment

Marine seismic and geohazard surveys, as well as exploratory drilling, may involve a variety of
active and passive acoustic sources. Active systems are those that emit acoustic energy or sound
into the water. Passive acoustic systems do not generate acoustic energy in the water, but are
used to listen for sound in the water.

The active acoustic systems under the proposed action include devices for seismic reflection
profiling, such as airgun arrays and subbottom profilers; sonar devices, such as echosounders,
and sidescan sonar; and other acoustic sources, such as vessels and aircraft (Table 3). More
information on the acoustic propagation modeling effort, source levels, and modeling
assumptions, for the LS 193 proposed action is provided in Appendix A.

Table 3. Primary Acoustic Sources Associated with the Proposed Action (BOEM
2015e)(Austin et al. 2015).
Approximate Broadband
: : Source Level
Active Acoustic Source Frequency (kHz) (dB re 1 pPa at 1m)

4500 cul marine seismic <1 239

airgun array (broadside)

3200 cui marine seismic <1 231

airgun array (broadside)

500 V'SP cui airgun array _

(broadside) <1 223

40 cui geohazard survey _

(broadside) <1 217
Subbottom profiler 2-16 ~216

Side Scan Sonar 100-1600 ~249

Single beam EchoSounder 3.5-1000 ~205

Multi beam EchoSounder 180-500 ~242

Pinger 35-55 ~197
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Transponder 35-55 ~187

Vessel Noise Transit! <1 <200
Icebreaker VVessel Noise .01-10 ~198
Ice Management Vessel .01-10 ~192

Vessel Noise in Dynamic

Positioning <l 178
Drilling Operations .02-10 181
Rotary Aircraft <1 ~162

YVessel Noise includes source vessels, crew transport vessels, and bow pickers. The loudest vessel is anticipated to
be the crew change vessel (Aerts et al. 2008).

SEISMIC

Seismic reflection profiling systems are used to search for commercially and economically
valuable subsurface deposits of crude oil, natural gas, and minerals by the recording, processing,
and interpretation of reflected seismic waves from the substrates by introducing controlled
source energy (such as seismic air gun impulses and vibratory waves) into the earth.

Airguns

Airguns fire highly compressed air bubbles into the water that transmit seismic wave energy into
the subsurface rock layers. Seismic waves reflect and refract off subsurface rock formations and
travel back to acoustic receivers called hydrophones. The characteristics of the reflected seismic
waves (such as travel time and intensities) are used to locate subsurface geologic formations that
may contain hydrocarbon deposits and to help facilitate the location of prospective drilling
targets (BOEM 2011).

BOEM is proposing to authorize one open-water (July-November), and one in-ice (October-
December) deep penetration marine seismic survey. An individual airgun can range from five to
1,500 cubic inches (cui) (0.081 to 24.58 liters). A combination of airguns is called an array;
operators vary the source-array size to optimize the resolution of the geophysical data collected.
For the proposed action, the seismic surveys will use towed airgun arrays with an average
discharge volume of 3200 cubic inches (cui), and a maximum discharge volume of 4500 cui.

The sound source level associated with the 4500 and 3200 cui array is estimated at 232 decibels
and 231 decibels referenced to 1 micro Pascal root mean squared (dB re 1 puPa rms), respectively
(Table 3). For the 3200 cui array, individual airgun volumes are anticipated to be between 40 and
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250 cui. Gun volumes were adjusted to achieve a total volume of 3200 cui. The array depth was
assumed to be a standard 6m. The individual gun volumes for the 4500 cui array are anticipated
to be between 40 and 300 cui, and these were adjusted to achieve the total volume of 4500 cui.
The array depth is assumed to be the standard 8.5 m (Austin et al. 2015). The Rmax radii of rms
SPL based on average sound speed profile and high-reflectivity geoacoustics is anticipated to
reach ~9 km for the 3200 cui array and 15.4 km for the 4500 cui array (see Appendix A).

Geohazard airgun arrays are anticipated to have a discharge volume of 10-500 cui, and a source
level of 217-223 dB re 1 puPa rms (Austin et al. 2015)(see Table 3). For the proposed action, we
assumed that the 40 cui array layout consisted of four 10 cui guns, with two at 1.75 m water
depth and two directly below them at 2.25m. The horizontal spacing between the guns was
assumed to be 80 cm (Austin et al. 2015). The 500 cui array had an assumed layout of two 110
cui guns and two 140 cui gun, all operating at 6m water depth (Austin et al. 2015). The modelled
to the 120 dB re 1 pPa threshold based on Rmax average sound speed profile and high-
reflectivity geoacoustics ranged between 1.7 and 4.1 for the 40 cui and 500 cui airgun array
respectively (Austin et al. 2015).

Airgun pressures typically are 2,000 pounds per square inch (psi), although they can be used at
3,000 psi for higher signal strength to collect data from deep in the subsurface (BOEM 2015e).
The pressure output of an airgun array is proportional to (1) its operating pressure, (2) the
number of airguns, and (3) the cube root of the total gun volume. For consistency with the
underwater acoustic literature, airgun-array source levels are back-calculated to an equivalent
source concentrated into a one-meter-radius volume (Greene and Moore 1995). The far field
pressure from an airgun array is focused vertically, being about 6 dB stronger in the vertical
direction than in the horizontal direction for typical arrays. The peak pressure levels for industry
arrays are in the 5-300 Hz range (Hildebrand 2004). The spacing between airguns results in
offset arrival timing of the sound energy. These delays “smear” the sound signature as offset
energy waves partially cancel each other, which reduces the amplitude in the horizontal direction
(SAE 2013). Airgun arrays have dominant energy at low frequencies, where long-range
propagation is likely.

Subbottom Profiler

The purpose of the subbottom profiler is to provide an accurate digital image of the shallow sub-
surface sea bottom, below the mud line. Subbottom profilers are usually hull mounted or pole-
mounted. These systems range in frequency from 0.2- 200 kHz, with source levels between 200-
250 dB re 1 uPa at 1 m (rms) (Greene and Moore 1995, Laban et al. 2009). The beam width is 15
to 24 degrees, depending on the center frequency. Typical pulse rate is between 3 and 6 Hz.

SONAR

Sound Navigation And Ranging, (SONAR), is a technique that uses sound propagation to
navigate, communicate, or detect objects on or under the surface of the water. The proposed
action anticipates the use of side-scan sonar, single- and multi-beam echosounders, and pinger
and transponder systems as described below.
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Side Scan Sonar

Side scan sonar is a sideward-looking, narrow-beam instrument that emits a sound pulse and
“listens” for its return. The side scan sonar can be a two or multichannel system with single
frequency monotonic or multiple frequency Compressed High Intensity Radar Pulse (CHIRP)
sonar acoustic signals. The frequency of individual side scan sonars can range from 100 to 1600
kHz with source levels between 194 and 249 dB re 1 pPa at 1 m (rms). Pulse lengths will vary
with according to the specific system, monotonic systems range between 0.125 and 200
milliseconds (ms) and CHIRP systems range between 400 and 20,000 ms. (HydroSurveys 2008,
Dorst 2010).

Echosounder

Echosounders measure the time it takes for sound to travel from a transducer to the seafloor and
back to a receiver. The travel time is converted to a depth value by multiplying it by the sound
velocity of the water column. Single beam echosounders measure the distance of a vertical beam
below the transducer. The frequency of individual single beam echosounders can range from 3.5
to 1000 kHz with source levels between 192 to 205 dB re 1 pPa at 1 m (rms) (Koomans 2009).
Multibeam echosounders emit a swath of sound to both sides of the transducer with frequencies
between 180 and 500 kHz and source levels between 216 and 242 dB re 1 pPa at 1 m (rms)
(HydroSurveys 2010).

Pinger and Transponder

Transponders may be used by the oil and gas industry to position drill rigs and other equipment.
Pingers and transponders communicate via sonar, they produce underwater sound levels. The
anticipated source level for the pinger is 197 dB re 1 pPa at 1 m with operational frequencies
between 35 and 55 kilohertz. The transponder produces short pulses of 181 to 212 dB re 1 pPa at
1 m at frequencies also between 8 and 55 kilohertz (HydroSurveys 2008).

Vessel Noise

Vessel Transit

Vessel noises are often at source levels of 165-200 dB re 1 pPa at 1 m (Aerts et al. 2008), and
typically operate at frequencies from 20-300 Hz (Greene and Moore 1995). Aerts et al. (2008)
found the recording and deployment vessels to have a source level of approximately 165.3 dB re
1 pPa, while the smaller bow pickers produce more cavitation resulting in source levels of 171.8
dB re 1 pPa. In addition, Aerts et al. (2008) found the housing vessel to produce the loudest
propeller noise of all the vessels in the fleet (200.1 dB re 1 pPa), but this vessel is mostly
anchored up once it gets on site. The crew transfer vessel also travels only infrequently relative
to other vessels, and is usually operated at different speeds. During higher speed runs shore the
vessel produces source noise levels of about 191.8 dB re 1 uPa, while during slower on-Site
movements the vessel source levels are only 166.4 dB re 1 puPa (Aerts et al. 2008).

32



Ice Management and Icebreaker

Some exploration activities require ice management and icebreaker support. This support can
introduce loud noise episodes into the marine environment when actively engaged in ice
management or breaking due to cavitation of the propellers when higher power levels are
required to move ice or ram/run up on ice for breakage. The greatest sound generated during ice
breaking operations is produced by cavitations of the propeller as opposed to the engines or the
ice on the hull (Greene and Moore 1995). Cavitation frequencies range broadly from 10-10,000
Hz (Greene and Moore 1995), with short (~5 sec) bursts of maximum source levels of 197-205
dB re 1 pPa at 1 m (Davis and Malme 1997, Erbe and Farmer 1998, Roth et al. 2013). Source
levels for ice management activities were based on measurement from Tor Viking as it managed
ice as part of the Noble Discover drilling activities on the Burger prospect in 2012 (Austin et al.
2013). In the Davis and Malme (1997) study, noise levels from the M/V Arctic were 5-10 dB
higher for ice breaking astern compared to ice breaking ahead. Based on measurement of USCG
Healy, assuming 80% ice cover, and ~5m source depth, the broadband source levels for modeled
icebreaking scenarios were ~198 dB re 1 uPa (Austin et al. 2015). The anticipated distance to
the 120 dB re 1 uPa rms isopleth associated with icebreaking activity in 80% ice cover is ~45 km
based on acoustic propagation modeling with mixed sound speed profile and high-reflectivity
geoacoustics (Austin et al. 2015)(see Appendix A).Dynamic Positioning and Anchor Handling
When support vessels arrive to transfer materials to or from drilling units, or to conduct other
drilling support activities, dynamic positioning (DP) thrusters are commonly used to keep the
vessel stationary next to the drilling unit or on location. The setting of anchors, as well as the
process of connecting the drillship(s) to the anchors, generates sound levels above those of
drilling alone. Vessel noises are often at source levels of 180 dB re 1 pPa at 1 m while in
dynamic positioning, and typically operate at frequencies between 20-300 Hz (Greene and
Moore 1995). The Noble Discoverer was used as the sound source for the single site drilling and
source levels for support vessel in DP was calculated from mean 1/3-octave-band levels for each
measured vessel (Ocean Pioneer, Fennica, and Nordica), and averaged levels across the vessels
to derive an average source level for vessels on DP (Austin et al. 2015). The maximum distance
to the 120 dB re 1 pPa threshold for a drillship drilling with a support vessel on DP was ~7.6 km
based on modelling Rmax radii with average sound speed profile and high-reflectivity
geoacoustics (Austin et al. 2015)(See Appendix A).

Distance to the 120 dB re 1 uPa rms during anchor handling by the Tor Viking was estimated to
be 14 km during Shell’s exploration drilling program at Burger (JASCO Applied Sciences 2013).
A 1.3 dB correction factor was applied to this distance to adjust the levels that were measured at
the seafloor to the expected maximum over the depth value of 16.0 km 120 dB re 1 pPa threshold
(Austin et al. 2015).
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Drilling Noise

Drilling from Drillship

During the 2012 exploration drilling activities, measurements of sounds produced by the
Discoverer were made on the Burger prospect in the Chukchi Sea. The recorded data show a
number of tonal components likely produced by vibrations from rotating machinery. Most of the
acoustic energy was contained in the 100-1000 Hertz (Hz) and 1-10 kHz frequency bands, both
of which typically were at levels just below 120 dB re 1 pPa rms (Shell 2015). Broadband source
levels of the Discoverer ranged from 177 to 185 dB re 1 pPa rms (Austin M. and Warner 2010).
When no other vessels were present near the Discoverer and drilling was occurring, broadband
sound levels fell below 120 dB re 1 pPa rms at 1.5 km (Austin et al. 2013).

Measured sound levels for the semi-submersible Polar Pioneer while drilling were not available,
therefore the > 120 dB re 1 pPa sound footprint was estimated using JASCO Applied Science’s
Marine Operations Noise Model (MONM). An average source level for the Polar Pioneer was
derived from a number of acoustic measurements of comparable semi-submersible drill units.
The model yielded a propagation range of 350 m for rms sound pressure levels of 120 dB re 1
uPa rms for the Polar Pioneer while drilling at the Burger Prospect (Shell 2015).

Mudline Cellar

A Mudline Cellar remotely Operated Vehicle (MLC-ROV) System may be used to construct the
mudline cellar (MLC) portion of a well at one or more exploration drill sites, or may occur off
the drilling units themselves. A MLC is a relatively large-diameter hole constructed so that
equipment at the top of the well can be installed below the level of the seabed, hence below the
greatest depth of a potential ice keel gouge. The construction of this hole during Shell’s 2012
exploration drilling program in the Chukchi Sea generated broadband sounds that were recorded
by hydrophones moored to the seafloor (Shell 2015). JASCO (2013) calculated that these sounds
diminished below the 120 dB re 1 pPa at 1 m (rms) threshold at 8.2 km from the drill site.
However, since these measurement were made at the seafloor, an additional 1.3 dB correction
factor was applied to the expected maximum over the depth value of 9.3 km. The MLC ROV
system is expected to be quieter than constructing an MLC with a drilling unit (Shell 2015).

Aircraft Noise

Exploration surveys and drilling operations may be supported be fixed-wing and rotary aircraft.
Surveys and drilling operations may involve variable numbers of trips daily or weekly depending
on the specific operation. Fixed-wing monitoring surveys are typically conducted with aircraft
flying 1,500 ft (above ground level (AGL) or above sea level (ASL)) unless safety due to
weather or other factors becomes an issue (see Section 2.1.4 Mitigation Measures). Greene and
Moore (1995) determined that fixed wing aircraft typically used in offshore activities were
capable of producing tones mostly in the 68 to 102 Hz range and at noise levels up to 162 dB re
1 wPa-m at the source.
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Rotary aircraft operations are conducted 1,000 to 1,500 feet AGL/ASL unless safety due to
weather or other factors becomes an issue (see mitigation measures). Greene and Moore (1995)
explained helicopters commonly used in offshore activities radiate more sound forward than
backwards, and are capable of producing tones mostly in the 68 to 102 Hz range and at noise
levels up to 151 dB re 1 uPa-m at the source. By radiating more noise forward of the helicopter,
noise levels will be audible at greater distances ahead of the aircraft than to the rear. For a
helicopter operating at an altitude of 1,000 ft (305 m), there were no measured sound levels at a
water depth of 121 ft (37 m) (Greene 1985).

2.1.4 Future Incremental Steps

BOEM is currently in the third stage of the OCSLA four-stage oil and gas review process, which
involves the exploration of the leased tracts on LS 193 in the Chukchi Sea. The fourth stage,
development, is reached only if a lessee finds a commercially viable oil and/or gas discovery. A
lessee must submit a detailed development and production plan that BOEM must review under
NEPA. Development activities will also require ESA section 7 consultation (BOEM 2015e).

While the proposed action is focused on exploration activities, this consultation also considers
potential impacts through the endpoint of the action as described below in the hypothetical
scenarios of production and development of an anchor field and if successful, the exploration,
development and production of a satellite field, followed by the decommissioning of all of these
activities (years 10-77)(See Table 4).

Oil would be produced first, as it can be shipped to market via the Trans-Alaska Pipeline System
(TAPS), while the gas would initially be re-injected to aid oil recovery. Gas production would
likely occur much later in time after a gas transportation system (anticipated to be via pipelines)
has been constructed. BOEM and BSEE assume that infrastructure to transport gas across the
state will be available in the later years of the prospects’ production (BOEM 2015e).

2.1.4.1 Development and Production Scenarios

Using data from the existing leased prospects to more accurately develop the proxy fields
analyzed here, BOEM estimated the anchor field could contain 2.9 billion barrels (Bbbl) of
recoverable oil, and the satellite field could contain 1.4 Bbbl of recoverable oil. Development of
these fields would entail the drilling of 465 oil producing wells, 93 service wells, and installation
of 8 platforms. The modeled anchor field and even the satellite field are larger than any field in
the Gulf of Mexico OCS. The size of this scenario represents an extreme “high case” of oil and
gas activities from the proposed action. The discussion below explains how this scenario would
unfold over the course of several decades (BOEM 2015e).

Despite the development of these scenarios, BOEM anticipates that zero production remains the
most likely outcome from LS 193 for the following reasons (BOEM 2015e):

e Finite lease terms (the analysis assumes the full 10 year primary term for the purpose of
this analysis, despite the fact that roughly five of these years have passed). The leases
have been suspended twice, and that extended the lease terms. OCSLA sets a primary
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lease term for five years; however, the Secretary can extend to up to ten years if the

Secretary finds that such longer period is necessary to encourage exploration and
development in areas because of unusually deep water or other unusually adverse

conditions. Further, the Secretary can continue the lease because of drilling or well

reworking operations.

e Short drilling seasons (lessees drill in open water, which exists for roughly four to six

months per year in the Chukchi Sea).

e Limited availability of suitable drilling rigs (only a few rigs worldwide are suitable now

for drilling in Chukchi Sea conditions).

e Other infrastructure requirements (i.e. the capital, materials, machinery, vessels, qualified
personnel, etc. required to pursue development of this scale in a frontier area; available

capacity of the Trans-Alaska Pipeline System).

e Engineering challenges and expense associated with producing hydrocarbons and
transporting them to market from a frontier area.

In this scenario, a large prospect, Anchor A, and a smaller satellite prospect, A-2, are discovered,
developed, and produced from sale 193 leases. Their combined potential oil and condensate are

4.3 Bbbl. Producing this volume of oil and its associated natural gas would require eight
platforms of a new Arctic-class design and drilling 589 wells (exploration, delineation,

production, and service).® The time from exploration to final production is 74 years with an
additional 3 years for decommissioning (BOEM 2015e). Table 4 details the exploration and
development scenario schedule for Anchor A and Satellite A-2 as described in the proposed

action (BOEM 2015e).

Table 4. Exploration and Development Scenario Schedule for Anchor A and Satellite

A-2 (BOEM 2015¢); see Table B-1)).

Exploration Activities on Anchor Field A (Proposed Action)

Marine Seismic

Surveys 1 9 2 2 surveys
Geohazard Surveys 1 7 5 5 surveys
Geotechnical Surveys 1 7 5 5 surveys

% 28 wells during initial exploration of Anchor field A (proposed action), 12 wells during exploration of satellite
prospect A-2 (subsequent consultation), 459 production wells (subsequent consultation), and 90 service wells

(subsequent consultation) = 589 total wells.
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Drill Exploration and

Delineation Wells 3 d ! 28 wells

V'SP Surveys 3 9 7 28 surveys

MODU Platforms 3 9 7 14 rigs

Construction of 1 9 9

Onshore Facilities up to 3 bases
Production Anchor A and Exploration and Production Satellite A-2

Marine Seismic

Surveys 11 29 6 6 surveys

Geohazard Surveys 11 28 8 8 surveys

Geotechnical Surveys 11 28 8 8 surveys

Drill Exploration and

Delineation Wells 20 22 3 12 wells

V'SP Surveys 20 22 3 12 surveys

Drill Production Wells 10 34 25 459 wells

Sub-Sea Service Wells 12 23 12 90 wells

Install Onshore Oil

Pipeline 6 9 4 300 miles

Install Offshore Oil

Pipelines 6 30 25 160 miles

Install Onshore Gas

Pipeline 27 31 4 300 miles

Install Offshore Gas

Pipelines 27 50 24 160 miles

Construction of

Production bases 5 6 2 1 base

Oil Production

Anchor A 10 46 36 2,875 MMbbl
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Oil Production A-2 24 53 29 1,384 MMbbl

Gas Production
Anchor A 31 67 36 1,179 BCF

Gas Production A-2 45 74 29 1,024 BCF

In the future incremental steps, under BOEM’s development scenario, development of the anchor
field would begin in approximately the 5th year and the majority of development activities
associated with the anchor field and the satellite field would occur over the next 20 years
(installation of supplemental offshore gas pipeline could continue into the later years). BOEM
anticipates that production activities would begin in approximately the 10th year and continue
for roughly 50 years (BOEM 2015¢).

Infrastructure Development

Offshore and onshore development would commence simultaneously. Development would begin
with the installation of oil pipelines (on- and off-shore) over the course of several years and the
installation of processing and waste management facilities and a supply boat terminal at the
exploration base, which would become processing base and first pump station. The lessee would
coordinate with landowner(s) to obtain all necessary permits and authorizations for onshore
activities, which may include separate ESA consultation processes.

At the coast, the existing exploration camp would be converted to a production facility. This
facility would support offshore operations, including oil and gas processing, and would serve as
the first pump station. The location of this facility is unknown, but BOEM considers the likely
location near Wainwright or Barrow. The production base likely would be composed of the
landfall valve pad with, protective ice berm, valve enclosure control building, pipeline riser well,
onshore pipeline trench and backfill, a pump station, pipeline pigging facilities, and a land-farm
for barged drilling waste treatment.

In association with the production facility, a supply boat terminal would be constructed. The boat
terminal would include the barge dock with lay-down area and material storage, fuel tank farm,
and vehicle parking.

From the production base, vertical support members would suspend communication cables and
oil pipelines approximately 300-320 mi east to connect to existing North Slope oilfield
infrastructure. Onshore oil pipeline placement would occur during winter. BOEM assumes that a
large scale onshore gas transport system (similar to TAPS) will be developed in the future. On
that assumption, BOEM anticipates that a chilled high-pressure gas pipeline would be buried in
the same corridor, approximately 20 years after the oil pipeline is installed.

Offshore pipeline installation would occur during the open water season. All pipelines would be
trenched in the seafloor as a protective measure against damage by floating ice masses. BOEM
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anticipates that the depth and width of subsea pipeline trenches would be similar to those dug for
Northstar (7-11 ft deep and 8-52 ft wide), with pipelines at greater depths requiring deeper and
wider trenches. Approximately 6-9 ft of backfill would cover trenched pipelines.

An estimated 160 mi of trunk oil pipelines would connect the anchor field hub platform (1
installed platform) to the onshore processing facility (discussed below). An additional estimated
30 mi of oil pipeline would connect the satellite field hub platform to the anchor field hub.
Subsea gas pipelines would be installed approximately 20 years after the oil pipelines and along
the same routes.

After pipeline installation, offshore production platforms would be installed over the course of
several open water seasons. BOEM anticipates that large, bottom-founded platforms would be
used, which would be pinned to the seafloor and stabilized by their wide base, anchoring system,
and ballast. Platforms would likely be constructed in large sections which would be transported
to the site by boat during the open water season, before they are mated together. Five platforms
would be located in the anchor field. Additional exploratory surveys and drilling (as described in
Section 2.1.3) conducted during development of the anchor field would reveal a smaller
discovery in the satellite field approximately 20 mi from the anchor field hub platform. An
additional three platforms would be installed at the satellite field.

Each platform would have two drilling rigs capable of drilling year round. Each platform would
also house processing equipment, fuel and production storage capacity, and quarters for
personnel. It is assumed that oil would be piped to the shore as soon as it is processed. There
would be some storage capacity on the platforms to accommodate periods of processing
equipment downtimes. The first platform would serve as the hub. Additional anchor field
platforms would be located approximately 5 mi from the hub platform, with buried subsea
flowlines (placed during pipeline installation) connecting each platform to the hub. One of the
three satellite field platforms would act as a secondary hub, delivering oil and gas to the anchor
field hub via 20 mi of subsea flowline. The two remaining satellite field platforms would connect
to the secondary hub via 5 mi of subsea flowline.

A total of 15 subsea templates would be installed during open water seasons. Template would be
located within 2 mi of the host platform and connected via subsea flowline (BOEM 2015e).

Production Drilling

Production well and service well drilling would be conducted both from production platforms
and from MODUSs. An estimated annual maximum of eight wells could be drilled by each
production platform rig (e.g., 16 wells total per platform per year). A total of 459 production and
service wells would be drilled from production platforms. Subsea wells would be drilled by
MODUs. With efficiencies gained by repeated operations, BOEM assumes that a single drillship
could drill up to three subsea wells in a single season. BOEM estimates that 6 to 9 subsea wells
would be drilled per open water season, requiring two to three drillships each summer over
approximately 12 years. A total of 90 sub-sea production wells would be drilled over the life of
the project (BOEM 2015e).

Treated well cuttings and mud wastes for platform and subsea wells could be reinjected in
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disposal wells or barged to an onshore treatment and disposal facility. The stressors associated
with production well drilling (i.e., noise generation, rock cuttings, drilling mud) would be similar
in type as those described for exploratory drilling but, production well drilling produces less
drilling mud and fewer cuttings than does exploration and delineation well drilling (BOEM
2015e).

Oil and Gas Production

Oil production would commence once sufficient production capability to maintain a minimum
level of through put on the line is achieved; the development scenario assumes this would occur
with the drilling of the first platform production well, and would ramp up as more wells are
drilled. When the oil resources are depleted, oil production and gas injection (service) wells
would be converted to gas production. Service wells would continue to reinject produced water
throughout oil and gas sales operations (BOEM 2015e).

The delay of gas sales strongly influences the length of time for the production phase, but the
current lack of a pipeline from the North Slope to south central Alaska and the need to maximize
oil production make this the most likely production strategy (BOEM 2015¢).

Production operations would largely involve resupply of materials and personnel, inspection of
various systems, and maintenance and repair. Maintenance and repair work would be required on
the platforms, and processing equipment would be upgraded to remove bottlenecks in production
systems. Well repair work would be required to keep both production and service wells
operational. Well workovers would likely be made at 5-10 year intervals to restore production
flow rates. Pipelines will be inspected and cleaned regularly using internal devices (“pigs”).
Crews would be rotated at regular intervals (BOEM 2015e).

2.1.4.2 Decommissioning

Decommission would commence after oil and gas reserves at a given platform are depleted and
income from production no longer pays operating expenses. To comply with BSEE regulations
(30 CFR 250.1710—wellheads/casings and 30 CFR 250.1725—platforms and other facilities),
lessees are required to remove all seafloor obstructions from their leases within one year of lease
termination or relinquishment. Decommissioning is anticipated begin after approximately 30
years of production (BOEM 2015e).

MODUs (2-3 per open-water season over an estimated 12 years) would be used to permanently
plug wells with cement. Wellhead equipment would be removed, and processing modules would
be moved off platforms. Subsea pipelines and flowlines would be decommissioned by cleaning
the line, plugging both ends, and leaving it in place buried in the seabed. The overland oil and
gas pipelines are likely to be used by other fields in the NPR-A and would remain in operation.
Lastly, the platforms would be disassembled and removed using vessels, and the seafloor site
would be cleared of all obstructions. Post-decommissioning surveys would be required to
confirm that no debris remains.

The schedule of activities provided by BOEM is compressed and ambitious. BOEM assumes
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there would be no construction delays for platforms, regulatory delays, or other delays of any
kind. BOEM also assumes immediate commitment from the operator(s) after a successful
exploration program, with no funding delays, and that all operators coordinate and cooperate
successfully. These assumptions help ensure the potential impacts of the future incremental steps
will not be underestimated, while the actual timeline for development of a prospect in the Leased
Area would be determined by the lessee and could be affected by any of the variables mentioned
above (BOEM 2015e).

2.1.5 Mitigation Measures Proposed by BOEM

BOEM is proposing measures to minimize potential adverse effects to listed species. These
measures include: lease stipulations; information to lessees, notice to lessees, vessel speed
restrictions, and marine trash and debris awareness briefings. If these measures (or better or
equivalent ones) are not incorporated in future actions by BOEM’s lessees or permittees, BOEM
may need to reinitiate consultation on this action.

Lease Stipulations

Lease Stipulations are binding contractual provisions that apply to all Ancillary Activities, EPSs,
DPPs, and Development Operations Coordination Documents (see 30 CFR 8550.202). Lease
Sale Stipulations often consist of protective measures designed to decrease the likelihood of
impacts to environmental resources such as marine mammals. A complete list of the stipulations
applicable to LS 193 leases is provided in Appendix D of BOEM’s Second SEIS (BOEM
2015e). A brief summary of those Lease Stipulations which may serve to reduce impacts to
marine mammals is provided below.

Protection of Biological Resources

Orientation Program

Transportation of Hydrocarbons

Industry Site-Specific Monitoring for Marine Mammal Subsistence Resources

Conflict Avoidance Mechanisms to Protect Subsistence Whaling and Other
Subsistence-Harvest Activities

Pre-Booming Requirements for Fuel Transfers

7. Measures to Minimize Effects on Spectacled And Steller’s Eiders from Exploration
Drilling

o s~ wbh e

S

The lease stipulations that have the most impact on NMFS’ trust resources include stipulations 1,
4, and 5. Lease stipulation 1 is intended to protect biological resources that are discovered during
the course of operations. If previously unidentified biological populations or habitats that may
require additional protection — for example, marine mammal haul out areas — are identified in the
lease area, the lessee may be required to conduct biological surveys to determine the extent and
composition of such biological populations or habitats. The lessee may also be required to do one
of more of the following: relocate the site of operations; establish that its operations will not have
a significant adverse effect upon the resource identified, or that a special biological community
does not exist; operate during those periods of time that do not adversely affect the biological
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resources; and/or modify operations to ensure that significant biological populations or habitats
deserving protection are not adversely affected. Lease stipulation 4 may be used to require
lessees to monitor activities that take place on lease block that are within identified marine
mammal subsistence hunting areas in order to minimize the potential impacts to subsistence
hunting. Lease stipulation 5 requires all exploration, development, and production operation to
be conducted in manner that prevents unreasonable conflicts between oil and gas industry and
subsistence activities. This stipulation is designed to protect subsistence harvest practices, but
may also serve to reduce potential disturbance to marine mammals.

Information to Lessees

The Information to Lessee (ITLs) are statements for informational purposes. Some ITLs provide
information about issues and concerns related to particular environmental or sociocultural
resources. Others provide information on how lessees might plan their activities to meet BOEM
requirements or reduce potential impacts. Still other ITLs provide information about the
requirements or mitigation required by other federal and State agencies. ITLs are effective in
lowering potential impacts by alerting and informing lessees and their contractors about
mitigation measures. The ITLs listed below apply to all OCS activities in the Chukchi Sea
conducted pursuant to LS 193 leases and are considered part of the Proposed Action (BOEM
2015e). Section 11.B.3.c(3) of the 2007 FEIS provides the full text and discussion of each ITL
listed below. Applicable ITLs are also available at http://www.boem.gov/ak193/.

No. 1 —Community Participation in Operations Planning

No. 2 -Bird and Marine Mammal Protection

No. 3 —River Deltas

No. 4 —Endangered Whales and MMS Monitoring Program

No. 5 —Availability of Bowhead Whales for Subsistence-Hunting Activities
No. 6 —High-Resolution Geological and Geophysical Survey Activity

No. 7 —Spectacled Eider and Steller’s Eider

No. 8 —Sensitive Areas to be Considered in Oil-Spill-Response Plans

No. 9 —Coastal Zone Management

No. 10 —Navigational Safety

No. 11 —Offshore Pipelines

No. 12 —Discharge of Produced Waters

No. 13 —Use of Existing Pads and Islands

No. 14 —Planning for Protection of Polar Bears

No. 15 — Possible listing of Polar Bear under ESA

No. 16 — Archaeological and Geological Hazards Reports and Surveys
No. 17 — Response Plans for Facilities Located Seaward of the Coast Line
No. 18 — Oil Spill Financial Responsibility for Offshore Facilities

No. 19 — Good Neighbor Policy

No. 20 — Rentals/Minimum Royalties and Royalty Suspension Provisions
No. 21 — MMS Inspection and Enforcement of Certain Coast Guard Regulations
No. 22 — Statement Regarding Certain Geophysical Data

No. 23 — Affirmative Action Requirements
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No. 24 — Bonding Requirements
No. 25 — Review of Development and Production Plans

Notice to Lessees

Notices to Lessees (NTL) are formal documents that provide clarification, description, or
interpretation of a regulation or OCS standard; provide guidelines on the implementation of a
special lease stipulation or regional requirement; provide a better understanding of the scope and
meaning of a regulation by explaining BOEM interpretation of a requirement; or transmit
administrative information. NTLs are either applicable nationally to the OCS program or are
issued by and applicable to specific regions of the OCS. The National NTLs are posted to
BOEM’s website at http://www.boem.gov/notices-to-lessees-and-operators.

Vessel Strike Avoidance

All authorizations for shipboard surveys and drilling operations would include guidance for
protected species identification, vessel strike avoidance and injured/dead protected species
reporting. The lessee and/or operator must ensure that all vessels conducting exploration
activities comply with the vessel strike avoidance measures specified below except under
extraordinary circumstances when the safety of the vessel or crew are in doubt or the safety of
life at sea is in question.

The vessel strike avoidance measures have been included in the proposed action, and include
maintaining a vigilant watch for listed whales and pinnipeds and slowing down or stopping
vessels to avoid striking protected species by observing the 5 kn (9.26 km/h) speed restriction
when within 900ft of cetaceans or pinnipeds. In addition, the lessee and/or operator will avoid
transits within designated North Pacific right whale critical habitat. If transit within North Pacific
right whale critical habitat cannot be avoided, vessel operators are requested to exercise extreme
caution and observe the 10 kn (18.52 km/h) vessel speed restriction while within North Pacific
right whale critical habitat. Lessee and/or operators transiting through North Pacific right whale
critical habitat will have PSOs actively engaged in sighting marine mammals. PSOs would
increase vigilance and allow for reasonable and practicable actions to avoid collisions with North
Pacific right whales. Lessee and/or operators will maneuver vessels to keep 800 m away from
any observed North Pacific right whales while within their designated critical habitat, and avoid
approaching whales head-on consistent with vessel safety. Vessels should take reasonable steps
to alert other vessels in the vicinity of whale(s), and report of any dead or injured listed whales or
pinnipeds.

Marine Debris Awareness

All authorizations for shipboard surveys and drilling operations would include guidance for
marine debris awareness. The deliberate discharge of containers and other similar materials (i.e.,
trash and debris) into the marine environment is generally prohibited unless it is passed through a
comminutor that breaks up solids so they can pass through a 25-mm mesh screen. Discharge of
plastic is prohibited regardless of size. Durable identification marking on equipment, tools and
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containers (especially drums), and other material are also required as well as recording and
reporting of items lost overboard. Special precautions would be taken when handling and
disposing of small items and packaging materials, particularly those made of non- biodegradable,
environmentally persistent materials such as plastic or glass that can be lost in the marine
environment and washed ashore.

Entanglement in marine debris is a threat to marine mammals worldwide. A 2014 global study
found that ingestion of debris has been documented in 56% of cetacean species, with rates of
ingestion as high as 31% in some populations (Baulch and Perry 2014). In Alaska, many species
of cetaceans and pinnipeds are known to become entangled in or ingest marine debris.
Manufactured packing bands are a particular problem for pinnipeds and should always be cut
before disposal to prevent neck entanglements.

All vessel operators, employees and contractors actively engaged in exploration surveys or
drilling operations must be briefed on marine trash and debris awareness elimination, consistent
with 30 CFR 250.300. BOEM will not require operators, employees and contractors to undergo
formal training or to post placards. However, the operator will be required to ensure that its
employees and contractors are made aware of the environmental and socioeconomic impacts
associated with marine trash and debris and their responsibilities for ensuring that trash and
debris are not intentionally or accidentally discharged into the marine environment.

2.1.6 Mitigation Measures Proposed by NMFS

The mitigation measures below have typically been included in recent Incidental Harassment
Authorizations (IHAs) for oil and gas activities in the U.S. Arctic. NMFS expects that all of
these measures, depending on the activity specified, will be included in its future Marine
Mammal Protection Act (MMPA) authorizations for similar activities. If these measures (or
better or equivalent ones) are not incorporated in future actions by BOEM’s lessees or permittees
(or their agents) through the MMPA permitting process or otherwise, BOEM may need to
reinitiate consultation on this action.

A) Detection-based measures intended to reduce near-source acoustic exposures and
impacts on marine mammals under NMFS’ authority within a given distance of the
source

Monitoring and Mitigating the Effects of Marine Seismic Surveys, Geohazard Surveys, and VSP
1. Protected Species Observers ([PSOs], formerly referred to as Marine Mammal Observers or

[MMOs]) are required on all vessels engaged in activities that may result in an incidental
take through acoustic exposure.

2. Establishment of radii associated with received sound level thresholds for 180 dB
shutdown/power down for cetaceans and 190 dB shutdown/power down radius for pinnipeds
under NMFS authority.
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o Establish and monitor a preliminary exclusion zone (EZ) for cetaceans and pinnipeds
surrounding the airgun array on the source vessel where the received level would be
at or above 180 dB for cetaceans and 190 dB for pinnipeds with trained PSOs. The
radius for the zone will vary based on the configuration of the airgun array, water
depth, temperature, salinity, and other factors related to the water and seafloor
properties. The final distance of the radius will be established by modeling and may
be verified with sound source verification tests.

0 Immediately reduce the size of the size of the EZ (180 or 190 isopleth) by reducing
the power level of the array whenever any cetaceans are sighted approaching close to
or within the area delineated by the 180 dB, or pinnipeds are sighted approaching
close to or within the area delineated by the 190 dB isopleth, until the marine
mammal is not close to or within the zone.

o If the power-down operation cannot reduce the sound pressure level received by any
cetacean or pinniped to less than 180 dB or 190 dB, respectively, then the holder of
the Incidental Harassment Authorization or Letter of Authorization must immediately
shutdown the seismic airgun array.

3. Use of start-up and ramp-up procedures for airgun arrays.

0 PSOs will monitor the entire EZ for at least 30 minutes prior to starting the airgun
array (day or night). If PSO finds a marine mammal within the EZ, the operator must
delay the start-up of seismic airguns until the marine mammal(s) has left the area. If
the PSO sees a marine mammal that surfaces then dives below the surface, the PSO
shall continue the watch for 30 min. If the PSO sees no marine mammals during that
time, the PSO can assume that the animal has moved beyond the exclusion zone. If
for any reason the entire EZ cannot be seen for the entire 30 min period (i.e., rough
seas, fog, darkness), or if marine mammals are near, approaching, or in the EZ, the
airguns may not be started,;

o If one airgun (mitigation) is already running at a source level of at least 180 dB re 1
pPa (rms), the operator may start the second airgun, provided no marine mammals are
known to be near the EZ;

0 After a shut-down, additional airguns may be added in a sequence such that the
source level of the array shall increase in steps not exceeding approximately 6 dB per
5 min period. During ramp-up, the PSOs shall monitor the EZ, and if marine
mammals are sighted, a power-down, or shut-down shall be implemented as though
the full array were operational. Therefore, initiation of start-up procedures from
shutdown requires that the PSOs be able to view the full EZ;

0 Power-down or shutdown the airgun(s) will be implemented if a marine mammal is
detected within, approaches, or enters the relevant EZ. A power-down procedure
means reducing the number of operating airguns to as low as a single operating
mitigation gun, which reduces the exclusion zone to the degree that the animal(s) is
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no longer in or about to enter it. A shutdown means all operating airguns are
shutdown (i.e., turned off).

If the marine mammal continues to approache the exclusion zone of the mitigation
gun, the airguns must then be completely shut down. Airgun activity shall not resume
until the PSO has visually observed the marine mammal(s) exiting the EZ and is not
likely to return, or has not been seen within the EZ for 15 min for species with shorter
dive durations (small odontocetes and pinnipeds) or 30 min for species with longer
dive duration (mysticetes);

Following a power-down or shut-down and subsequent animal departure, airgun
operations may resume following ramp-up procedures described above;

Seismic surveys may continue into night and low-light hours is such segment(s) of
the survey is initiated when the entire relevant exclusion zones are visible and can be
effectively monitored; and

No initiation of airgun array operations is permitted from a shutdown position at night
or during low-light hours (such as in dense fog or heavy rain) when the entire relevant
EZ cannot be effectively monitored by the PSO(s) on duty.

Monitoring and Mitigating the Effects of Onshore Facility Construction

4. All activities must be conducted at least 150 m (500 ft) from any observed ringed seal lair.

o

Travel between a mobile camp and work site shall be accomplished by having
vehicles drive on a snow road during transit whenever possible; building ice roads for
transit will be minimized as much as is safely possible. Vehicles must avoid pressure
ridges, ice ridges, and ice deformation areas where seal structures are likely to be
present. If it is not possible to avoid these features, NMFS may require the use of
trained dogs to determine that no seal lairs are present before to the onset of activities
within 150 m (500 ft) of any of these features;

Monitoring Exploratory Drilling Activities

5. PSOs are required on all drill units and ice management vessels as well as any other vessels
currently producing noise exceeding NMFS acoustic thresholds.

(0}

PSOs would monitor the area around the drill structure for take of any marine
mammals by sound exposure.

B) Non-detection-based measures intended to avoid disturbance impacts on marine
mammals from aircraft operations.

This measure would be required for all aircraft operations conducted in support of exploration

activities.
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1. Specified flight altitudes for all support aircraft (except for take-off, landing, emergency
situations, and inclement weather).

o All aircraft: Aircraft shall not operate fly within 305 m (1,000 ft) of marine
mammals or below 457 m (1,500 ft) AGL or ASL.

03] Measures intended to reduce/lessen non-acoustic impacts on marine mammals

This measure would be required for all vessel operations conducted in support of exploration
activities.

1. Specified procedures for vessels to avoid collisions with whales.

o All vessels shall reduce speed to less than 5 kn prior to coming within 274 m (300
yards) of whales. The reduction in speed will vary based on the situation but must
be sufficient to avoid interfering with the whales. Those vessels capable of
steering around such groups should do so. Vessels may not be operated in such a
way as to separate members of a group of whales from other members of the
group. For purposes of this opinion, a group is defined as being three or more
whales observed within a 500 m (547 yards) area and displaying behaviors of
directed or coordinated activity (e.g., group feeding);

o Avoid multiple changes in direction and speed when within 274 m (300 yards) of
whales and also operate the vessel(s) to avoid causing a whale to make multiple
changes in direction;

o0 Check the waters immediately adjacent to the vessel(s) to ensure that no whales
will be injured when the vessel’s propellers (or screws) are engaged.

0 When visibility is reduced, such as during inclement weather (rain, fog) or
darkness, adjust vessel speed accordingly to avoid the likelihood of injury to
whales.

2. Notification of lost equipment that could pose a danger to marine mammals.

0 The operator shall notify BSEE (dependent upon the type of activity), and NMFS
in the event of any loss of cable, streamer, or other equipment that could pose a
danger to marine mammals.

2.1.7 Additional Mitigation Measures

Additional mitigation measure may be required by NMFS for site specific activities as specified
in an Incidental Take Authorization or by BOEM in a specific exploration plan or by BSEE in a
drilling permit. However, since those measures may, or may not, be incorporated in future
permits and authorizations, they are not considered as part of this proposed action.
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2.2 Action Area

“Action area” means all areas to be affected directly or indirectly by the federal action and not
merely the immediate area involved in the action (50 CFR 402.02). For this reason, the action
area is typically larger than the project area and extends out to a point where no measurable
effects from the proposed action occur.

The action area for this biological opinion will include: (1) 460 active leases contained within LS
193 in the Chukchi Sea which includes seismic, geohazard, and drilling sites; (2) sound
propagation buffer area surrounding LS 193; (3) onshore facilities along Alaska coastline; and
(4) transit areas from Dutch Harbor through the Bering Strait into the Chukchi Sea, and from
lease areas to the Alaska coastline. The action area encompasses approximately 309,593 square
kilometers (see Figure 2).

BOEM is proposing to authorize oil and gas exploration activities within the 460 active leases on
LS 193 in the Chukchi Sea. In total, LS 193 covers 10,541 square kilometers of water in depths
ranging 20-50 meters. Within this area, the loudest sound source with the greatest propagation
distance is anticipated to be the 4500 cui airgun array. Received levels from this marine seismic
survey with a nominal source level of 232 dB, may be expected on average to decline to 120 dB
re 1 uPa (rms) within 113 km of the lease area assuming a mixed sound speed profile and
medium reflectivity geoacoustics (Austin et al. 2015). The 120 dB isopleth was chosen because
that’s when we anticipate seismic survey noise levels would approach ambient noise levels (i.e.
the point where no measurable effect from the project would occur). While project noise may
attenuate beyond the 120 dB isopleth, we do not anticipate that marine mammals would respond
in a biologically significant manner at these low levels and great distance from the source. The
113 km sound propagation buffer around the LS 193 lease area boundary assumes that a source
vessel engaged in transmitting seismic occurred on the boundary of the lease blocks.

Mobilization and demobilization of vessels is anticipated to occur from Dutch Harbor* with
resupply and support activities potentially occurring out of Kotzebue, Barrow, or Wainwright
(BOEM 2015e).

* NMFS reviewed all of the previous IHA applications and 90 day monitoring reports from previous seismic and
exploratory drilling operations in the Chukchi Sea from 2006-2013. ION Geophysical (2012) and Beland and
Ireland (2010) both started their projects in Canadian Arctic waters; however, both projects ended in Dutch Harbor.
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Figure 2. Action Area (light green) includes: LS 193 active leases (orange) sound
propagation buffer (red outline), and transit area (crisscrossed lines).
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3. APPROACH TO THE ASSESSMENT

3.1 Introduction to the Biological Opinion

Section 7(a)(2) of the ESA requires federal agencies, in consultation with NMFS, to insure that
their actions are not likely to jeopardize the continued existence of endangered or threatened
species, or adversely modify or destroy designated critical habitat. The jeopardy analysis
considers both survival and recovery of the species. The adverse modification analysis
considers the impacts to the conservation value of the designated critical habitat.

“To jeopardize the continued existence of a listed species” means to engage in an action that
would be expected, directly or indirectly, to reduce appreciably the likelihood of the survival or
recovery of a listed species in the wild by reducing the reproduction, numbers, or distribution
of that species (50 CFR 402.02). As NMFS explained when it promulgated this definition,
NMFS considers the likely impacts to a species’ survival as well as likely impacts to its
recovery. Further, it is possible that in certain, exceptional circumstances, injury to recovery
alone may result in a jeopardy biological opinion (51 FR 19926, 19934; June 2, 1986).

3.1.1 Assessment Framework

We will use the following approach to determine whether the proposed action described in
Section 2 is likely to jeopardize listed species or destroy or adversely modify critical habitat:

o ldentify those aspects of proposed action that are likely to have direct and indirect
effects on the physical, chemical, and biotic environment of the project area. As part of
this step, we identify the action area — the spatial extent of these direct and indirect
effects.

e |dentify the rangewide status of the species and critical habitat likely to be adversely
affected by the proposed action. This section describes the current status of each listed
species and its critical habitat relative to the conditions needed for recovery. We
determine the rangewide status of critical habitat by examining the condition of its
physical or biological features (also called “primary constituent elements” or PCEs in
some designations) - which were identified when the critical habitat was designated.
Species and critical habitat status are discussed in Section 4.

e Describe the environmental baseline for the proposed action. The environmental
baseline includes the past and present impacts of federal, state, or private actions and
other human activities in the action area. It includes the anticipated impacts of
proposed federal projects that have already undergone formal or early section 7
consultation and the impacts of state or private actions that are contemporaneous with
the consultation in process. The environmental baseline is discussed in Section 5 of this
opinion.

e Analyze the effects of the proposed actions. Identify the listed species that are likely to
co-occur with these effects in space and time and the nature of that co-occurrence (these
represent our exposure analyses). In this step of our analyses, we try to identify the
number, age (or life stage), and gender of the individuals that are likely to be exposed to
an action’s effects and the populations or subpopulations those individuals represent.
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3.1.2

NMFS also evaluates the proposed action’s effects on critical habitat features. The
effects of the action are described in Section 6 of this opinion with the exposure
analysis described in Section 6.2 of this opinion.

Once we identify which listed species are likely to be exposed to an action’s effects and
the nature of that exposure, we examine the scientific and commercial data available to
determine whether and how those listed species are likely to respond given their
exposure (these represent our response analyses). Response analysis is considered in
Section 6.3 of this opinion.

Describe any cumulative effects. Cumulative effects, as defined in NMFS’s
implementing regulations (50 CFR 402.02), are the effects of future state or private
activities, not involving federal activities, that are reasonably certain to occur within the
action area. Future federal actions that are unrelated to the proposed action are not
considered because they require separate section 7 consultation. Cumulative effects are
considered in Section 7 of this opinion.

Integrate and synthesize the above factors to assess the risk that the proposed action
poses to species and critical habitat. In this step, NMFS adds the effects of the action
(Section 6) to the environmental baseline (Section 5) and the cumulative effects
(Section 7) to assess whether the action could reasonably be expected to: (1)
appreciably reduce the likelihood of survival or recovery of the species in the wild by
reducing its numbers, reproduction, or distribution; or (2) reduce the value of
designated or proposed critical habitat for the conservation of the species. These
assessments are made in full consideration of the status of the species (Section 4).
Integration and synthesis with risk analyses occurs in Section 8 of this opinion.

Reach jeopardy and adverse modification conclusions. Conclusions regarding jeopardy
and the destruction or adverse modification of critical habitat are presented in Section 9.
These conclusions flow from the logic and rationale presented in the Integration and
Synthesis Section 8.

If necessary, define a reasonable and prudent alternative to the proposed action. If, in
completing the last step in the analysis, NMFS determines that the action under
consultation is likely to jeopardize the continued existence of listed species or destroy
or adversely modify designated critical habitat, NMFS must identify a reasonable and
prudent alternative (RPA) to the action.

Exposure Analyses

Exposure analyses are designed to identify the listed resources that are likely to co-occur with
these effects in space and time and the nature of that co-occurrence. In this step of our analysis,
we try to identify the number, age (or life stage), and gender of the individuals that are likely to
be exposed to an action’s effects and the populations or subpopulations those individuals
represent. When it is impossible or impracticable to estimate the number of individuals likely
to be exposed, we try to estimate the proportion of a population that is likely to be exposed. If
we cannot estimate this proportion, we will rely on a surrogate or index.
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For our exposure analyses, NMFS generally relies on an action agency’s estimates of the
number of marine mammals that might be “taken.” However, BOEM did not provide a
quantitative exposure analysis. Therefore NMFS conducted its own analysis to estimate the
number of exposures to listed resources that may result from stressors produced by the
proposed action. We have divided the exposure analysis into: exposures to major noise sources
(i.e., seismic and drilling operations), exposures to other noise sources (i.e., other impulsive
noise, vessel transit, aircraft traffic, and onshore construction), exposures to unauthorized oil
spills and gas releases, and finally exposures to other stressors (i.e., vessel strike, habitat
disturbance, and marine debris). For stressors associated with major noise sources, we
developed activity scenarios, and conducted acoustic propagation modeling associated with the
activity scenarios (described in detail below).

Given the many uncertainties in predicting the quantity and types of impacts of sound on
marine mammals, it is common practice to estimate how many animals would be present
within a particular distance of human activities and/or exposed to a particular level of
anthropogenic sound. In most cases, this approach likely overestimates the numbers of marine
mammals that would be affected in some biologically important manner. One of the reasons
for this is that the selected distances/isopleths are based on limited studies indicating that some
animals exhibited short-term reactions at this distance or sound level, whereas the calculation
assumes that all animals exposed to this level would react in a biologically significant manner.

Another scenario we considered but did not use assumed marine mammals would try to avoid
exposure to seismic transmissions (See Response Analysis Section 6.1.4), but the data
necessary on the rate at which cetacean and pinniped densities would change in response to
initial or continued seismic or drilling exposure or when and where BOEM authorized
activities would actually occur are not currently available, so we could not reach conclusions
based on this scenario. As a result, although we considered alternative exposure scenarios for
this consultation, we only report the results of one of those exposure scenarios.

3.1.3 Response Analyses

Once we identify which listed resources are likely to be exposed to stressors associated with
the proposed action, and the nature of that exposure, we examine the scientific and commercial
data available to determine whether and how (1) endangered or threatened species are likely to
respond following exposure and the set of physical, physiological, behavioral, or social
responses that are likely and (2) the action is likely to affect the quantity, quality, or availability
of one or more of the physical or biological features of critical habitat.

Conceptual Model for Response Analyses

To guide our response analyses, we use a conceptual model of responses to noise (which is the
principal stressor included in the proposed action). The model is based on animal behavior and
behavioral decision-making (Figure 3) although we continue to recognize the risks presented
by physical trauma and noise-induced losses in hearing sensitivity (threshold shift). This model
is also based on a conception of “hearing” that includes cognitive processing of auditory cues,
rather than focusing solely on the mechanical processes of the ear and auditory nerve. Our
model incorporates the primary mechanisms by which behavioral responses affect the
longevity and reproductive success of animals: changing an animal’s energy budget, changing
an animal’s time budget (which is related to changes in an animal’s energy budget), forcing
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animals to make life history trade-offs (for example, engaging in evasive behavior such as deep
dives that involve short-term risks while promoting long-term survival), or changes in social
interactions among groups of animals (for example, interactions between a cow and her calf).

This conceptual model begins with the specific acoustic stimuli that we focus on in an
assessment (Box 1 in Figure 3). Although we generally considered different acoustic stimuli
separately, we considered a single source of multiple acoustic stimuli as a complex “acoustic
object” that has several acoustic properties. For example, we treat pulses produced by seismic
sound sources and sounds produced by the source vessel as a single “acoustic object” that
produced continuous sounds (engine- noise, propeller cavitation, hull displacement, etc.) and
periodic impulsive pulses. Because animals would be exposed to this complex of sounds
produced by a single, albeit moving, source over time, we assumed they would generally
respond to the acoustic stream associated with this single acoustic object moving through their
environment. Multiple ships associated with a particular type of survey, for instance 3D
seismic surveys, are expected to also represent a single acoustic object as all vessels are
moving in formation at the same speeds while alternating shots. Multiple ships associated with
drilling operations, such as support ships that move independently of the survey formation
would represent different acoustic objects in the acoustic scene of endangered and threatened
marine animals.

Acoustic stimuli can represent two different kinds of stressors: processive stressors, which
require high-level cognitive processing of sensory information, and systemic stressors, which
usually elicit direct physical or physiological responses and, therefore, do not require high-level
cognitive processing of sensory information (Herman and Cullinan 1997, Anisman and Merali
1999, de Kloet et al. 2005, Wright et al. 2007). Disturbance from surface vessels and airguns
would be examples of processive stressors while ship strikes would be an example of a
systemic stressor. The proposed action may result in two general classes of responses:

1. responses that are influenced by an animal’s assessment of whether a potential stressor
poses a threat or risk (see Figure 3: Behavioral Response).

2. responses that are not influenced by the animal’s assessment of whether a potential stressor
poses a threat or risk (see Figure 3: Physical Response).
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Figure 3. Conceptual model of the potential responses of listed species upon exposure to an active acoustic sources, and the
pathways by which those responses might affect the fitness of individual animals that have been exposed.



Our conceptual model explicitly recognizes that other acoustic and non-acoustic stimuli that
occur in an animal’s environment might determine whether a focal stimulus is salient to a focal
animal (the line connecting Box 2b to Box 2 in Figure 3). The salience of an acoustic signal will
depend, in part, on its signal-to-noise ratio and, given that signal-to-noise ratio, whether an
animal will devote attentional resources to the signal or other acoustic stimuli (or ambient
sounds) that might compete for the animal’s attention (the line connecting Box 2b to Box B1 in
Figure 3).° That is, an acoustic signal might not be salient (1) because of a signal-to-noise ratio
or (2) because an animal does not devote attentional resources to the signal, despite its signal-to-
noise ratio. Absent information to the contrary, we generally assume that an acoustic stimulus
that is “close” to an animal (within 10 — 15 kilometers) would remain salient regardless of
competing stimuli and would compete for an animal’s attentional resources. By extension, we
also assume that any behavioral change we might observe in an animal would have been caused
by a focal stimulus (the stimulus most immediately confronting the animal) rather than
competing stimuli. However, as the distance between the source of a specific acoustic signal and
a receiving animal increases, we assume that the receiving animal is less likely to devote
attentional resources to the signal.

If we assume that an acoustic stimulus, such as a seismic or drilling source, was salient to an
animal or population of animals, we would then ask how an animal might classify the stimulus as
a cue about its environment (Box B2 in Figure 3) because an animal’s response to a stimulus in
its environment depends upon whether and how the animal converts the stimulus into
information about its environment (Blumstein and Bouskila 1996, Yost 2007). For example, if an
animal classifies a stimulus as a “predatory cue,” that classification will invoke a suite of
candidate physical, physiological, or behavioral responses that are appropriate to being
confronted by a predator (this would occur regardless of whether a predator is, in fact, present).

By incorporating a more expansive concept of “hearing,” our conceptual model departs from
earlier models which have focused on the mechanical processes of “hearing” associated with
structures in the ear that transduce sound pressure waves into vibrations and vibrations to electro-
chemical impulses. That conception of hearing resulted in assessments that focus almost
exclusively on active acoustic sources while discounting other acoustic stimuli associated with
activities that marine animals might also perceive as relevant. That earlier conception of hearing
also led to an almost singular focus on the intensity of the sound (its received level in decibels)
as an assessment metric and noise-induced hearing loss as an assessment endpoint.

Among other considerations, the earlier focus on received level and losses in hearing sensitivity
failed to recognize several other variables that affect how animals are likely to respond to
acoustic stimuli:

® See Blumstein and Bouskila (1996) for a review of the literature on how animals process and filter sensory
information, which affects the subjective salience of sensory stimuli. See Clark and Dukas (2003), Dukas (2002),
and Roitblat (1989) for more extensive reviews of the literature on attentional processes and the consequences of
limited attentional resources in animals.
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1. “hearing” includes the cognitive processes an animal employs when it analyzes acoustic
impulses (see Bregman 1990, Blumstein and Bouskila 1996, Hudspeth 1997, Yost 2007),
which includes the processes animals employ to integrate and segregate sounds and
auditory streams and the circumstances under which they are likely to devote attentional
resources to an acoustic stimulus.

2. animals can “decide” which acoustic cues they will focus on and their decision will
reflect the salience of a cue, its spectral qualities, and the animal’s physiological and
behavioral state when exposed to the cue.

3. animals not only perceive the received level (in dB) of a sound source, they also perceive
their distance from a sound source. Further, animals are more likely to devote attentional
resources to sounds that are close than sounds that are distant.

4 both received levels and the spectral qualities of sounds degrade over distance so the
sound perceived by a distant receiver is not the same sound at the source.

As a result of this shift in focus, we have to consider more than the received level of a particular
low- or mid-frequency wave form and its effects on the sensitivity of an animal’s ear structure.
We also have to distinguish between different auditory scenes; for example, animals will
distinguish between sounds from a source that is moving away, sounds produced by a source that
is approaching them, sounds from multiple sources that are all approaching, sounds from
multiple sources that appear to be moving at random, etc.

Animals would then combine their perception of the acoustic stimulus with their assessment of
the auditory scene (which include other acoustic stimuli), their awareness of their behavioral
state, physiological state, reproductive condition, and social circumstances to assess whether the
acoustic stimulus poses a risk and the degree of risk it might pose, whether it is impairing their
ability to communicate with conspecifics, whether it is impairing their ability to detect predators
or prey, etc. We assume that animals would categorize an acoustic source differently if the
source is moving towards its current position (or projected position), moving away from its
current position, moving tangential to its current position, if the source is stationary, or if there
are multiple acoustic sources it its auditory field.

This process of “categorizing a stimulus” (Box B2 in Figure 3) lends meaning to a stimulus and
places the animal in a position to decide whether and how to respond to the stimulus (Blumstein
and Bouskila 1996). How an animal categorizes a stimulus will determine the set of candidate
responses that are appropriate in the circumstances. That is, we assume that animals that
categorizes a stimulus as a “predatory cue” would invoke candidate responses that consisted of
anti-predator behavior rather than foraging behavior (Blumstein and Bouskila 1996, Bejder et al.
2009).

We then assume that animals apply one or more behavioral decision rules to the set of candidate
responses that are appropriate to the acoustic stimulus as it has been classified (Box B3 in Figure
3). Our use of the term “behavioral decision rule” follows Blumstein and Bouskila (1996), and
Lima and Dill (1990b), and is synonymous with the term “behavioral policy” of McNamara and
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Houston (1986a): the process an animal applies to determine which specific behavior it will
select from the set of behaviors that are appropriate to the auditory scene, given its physiological
and behavioral state when exposed and its experience. Because we would never know the
behavioral policy of an individual, free- ranging animal, we treat this policy as a probability
distribution function that matches a particular response in the suite of candidate behavioral
responses.

Once an animal selects a behavioral response from a set of candidate behaviors, we assume that
any change in behavioral state would represent a shift from an optimal behavioral state (or
behavioral act) to a sub-optimal behavioral state (or behavioral act) as the animal responds to a
stimulus such as acoustic sound sources. That selection of the sub-optimal behavioral state or act
could be accompanied by canonical costs, which are reductions in the animal’s expected future
reproductive success that would occur when an animal engages in suboptimal behavioral acts
(McNamara and Houston 1986a).

Specifically, canonical costs represent a reduction in current and expected future reproductive
success (which integrates survival and longevity with current and future reproductive success)
that would occur when an animal engages in a sub-optimal rather than an optimal sequence of
behavioral acts; given the pre-existing physiological state of the animal in a finite time interval
(McFarland and Sibly 1975, McNamara and Houston 1982, McNamara and Houston 1986b,
Houston et al. 1993, McNamara 1993, McNamara and Houston 1996, Nonacs 2001, Crone et al.
2013). Canonical costs would generally result from changes in animals’ energy budgets
(Sapolsky 1997, Moberg 2000, McEwen and Wingfield 2003, Wingfield and Sapolsky 2003,
Romero 2004), time budgets (Sutherland 1996, Frid and Dill 2002a), life history trade-offs (Cole
1954, Stearns 1992a), changes in social interactions (Sutherland 1996), or combinations of these
phenomena (see Box B4 in Figure 3). We assume that an animal would not incur a canonical cost
if they adopted an optimal behavioral sequence (see McNamara and Houston 1986a for further
treatment and discussion).

This conceptual model does not require us to assume that animals exist in pristine environments;
in those circumstances in which animals are regularly or chronically confronted with stress
regimes that animals would adapt to by engaging in sub-optimal behavior, we assume that a
change in behavior that resulted from exposure to a particular stressor or stress regime would
either contribute to sub-optimal behavior or would cause animals to engage in behavior that is
even further from optimal.

3.1.4 Risk Analyses

Our jeopardy determinations must be based on an action’s effects on the continued existence of
threatened or endangered species as those “species” have been defined by the ESA. Because the
continued existence of listed species depends on the fate of the populations that comprise them,
the viability (that is, the probability of extinction or probability of persistence) of listed species
depends on the viability of the populations that comprise the species. Similarly, the continued
existence of populations is determined by the fate of the individuals that comprise them.
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Our risk analyses begin by identifying the probable risks actions pose to listed individuals that
are likely to be exposed to an action’s effects. Our analyses then integrate those individual risks
to identify consequences to the populations those individuals represent. Our analyses conclude
by determining the consequences of those population-level risks to the species those populations
comprise.

If the quantity, quality, or availability of the primary constituent elements of designated critical
habitat are reduced, we consider whether those reductions are likely to be sufficient to reduce the
conservation value of the designated critical habitat for listed species in the action area.

If the conservation value of designated critical habitat in the action area is reduced, the final step
of our analyses considers whether those reductions are likely to be sufficient to reduce the
conservation value of the entire critical habitat designation.

3.1.5 Treatment of Cumulative Impact

The effects analyses of biological opinions consider the impacts on listed species and designated
critical habitat that result from the incremental impact of an action by identifying natural and
anthropogenic stressors that affect endangered and threatened species throughout their range (the
Status of the Species) and within an action area (the Environmental Baseline, which articulates
the pre-existing impacts of activities that occur in an action area, including the past,
contemporaneous, and future impacts of those activities). We assess the effects of a proposed
action by adding the direct and indirect effects to the impacts of the activities we identify in an
Environmental Baseline (50 CFR 402.02), in light of the impacts of the status of the listed
species and designated critical habitat throughout their range.

3.1.6 Brief Background on Sound

Sound is a wave of pressure variations propagating through a medium (for this consultation, the
sounds generated by seismic and electromechanical equipment propagates through marine water
as its medium). Pressure variations are created by compressing and relaxing the medium. Sound
measurements can be expressed in two forms: intensity and pressure. Acoustic intensity is the
average rate of energy transmitted through a unit area in a specified direction and is expressed in
watts per square meter. Acoustic intensity is rarely measured directly, it is derived from ratios of
pressures; the standard reference pressure for underwater sound is 1 pPa; for airborne sound, the
standard reference pressure is 20 pPa (Richardson et al. 1995).

Acousticians have adopted a logarithmic scale for sound intensities, which is denoted in decibels
(dB). Decibel measurements represent the ratio between a measured pressure value and a
reference pressure value (in this case 1 pPa or, for airborne sound, 20 pPa.). The logarithmic
nature of the scale means that each 10 dB increase is a ten-fold increase in power (e.g., 20 dB is
a 100-fold increase, 30 dB is a 1,000- fold increase). The term “sound pressure level” implies a
decibel measure and a reference pressure that is used as the denominator of the ratio. Throughout
this opinion, we use 1 pPa as a standard reference pressure unless noted otherwise.

It is important to note that decibels underwater and decibels in air are not the same and cannot be
directly compared. Because of the different densities of air and water and the different decibel
standards in water and air, a sound with the same intensity (i.e., power) in air and in water would
be approximately 63 dB quieter in air.
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Sound frequency is measured in cycles per second, or Hz, and is analogous to musical pitch;
high-pitched sounds contain high frequencies and low-pitched sounds contain low frequencies.
Natural sounds in the ocean span a huge range of frequencies: from earthquake noise at 5 Hz to
harbor porpoise clicks at 150,000 Hz. These sounds are so low or so high in pitch that humans
cannot hear them; acousticians call these infrasonic and ultrasonic sounds, respectively. A single
sound may be made up of many different frequencies together. Sounds made up of only a small
range of frequencies are called “narrowband,” and sounds with a broad range of frequencies are
called “broadband;” airguns are an example of a broadband sound source and sonars are an
example of a narrowband sound source.

When considering the influence of various kinds of noise on the marine environment, it is
necessary to understand that different kinds of marine life are sensitive to different frequencies of
sound. Most dolphins, for instance, have excellent hearing at very high frequencies between
10,000 and 100,000 Hz. Their sensitivity at lower frequencies below 1000 Hz, however, is quite
poor. On the other hand, the hearing sensitivity of most baleen whales appears to be best at
frequencies between about between 20 Hz-5 kHz, with maximum sensitivity between 100-500
Hz (Erbe 2002b). As a result, baleen whales might be expected to suffer more harmful effects
from low frequency noise than would dolphins.

When sound travels away from its source, its loudness decreases as the distance traveled by the
sound increases. Thus, the loudness of a sound at its source is higher than the loudness of that
same sound a kilometer distant. Acousticians often refer to the loudness of a sound at its source
as the source level and the loudness of sound elsewhere as the received level. For example, a
humpback whale 9 kilometers from an airgun that has a source level of 230 dB may only be
exposed to sound that is 160 dB loud. As a result, is important not to confuse source levels and
received levels when discussing the loudness of sound in the ocean.

As sound moves away from a source, its propagation in water is influenced by various physical
characteristics, including water temperature, depth, salinity, and surface and bottom properties
that cause refraction, reflection, absorption, and scattering of sound waves. Oceans are not
homogeneous and the contribution of each of these individual factors is extremely complex and
interrelated. Sound speed in seawater is generally about 1,500 meters per second (5,000 feet per
second) although this speed varies with water density, which is affected by water temperature,
salinity (the amount of salt in the water), and depth (pressure). The speed of sound increases as
temperature and depth (pressure), and to a lesser extent, salinity, increase. The variation of sound
speed with depth of the water is generally presented by a “sound speed profile,” which varies
with geographic latitude, season, and time of day.

Sound tends to follow many paths through the ocean, so that a listener may hear multiple,
delayed copies of transmitted signals (Richardson et al. 1995). Echoes are a familiar example of
this phenomenon in air. In order to determine what the paths of sound transmission are, one rule
is to seek paths that deliver the sound to the receiver the fastest. If the speed of sound were
constant throughout the ocean, acoustic rays would consist of straight-line segments, with
reflections off the surface and the bottom. However, because the speed of sound varies in the
ocean, most acoustic rays do not follow a straight path.
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As sound travels through the ocean, the intensity associated with the wave front diminishes, or
attenuates. In shallow waters of coastal regions and on continental shelves, sound speed profiles
become influenced by surface heating and cooling, salinity changes, and water currents. As a
result, these profiles tend to be irregular and unpredictable, and contain numerous gradients that
last over short time and space scales. This decrease in intensity is referred to as propagation loss,
also commonly called transmission loss. In general, in a homogeneous lossless medium, sound
intensity decreases as the square of the range due to simple spherical spreading. In other words, a
source level of 235 dB will have decreased in intensity to a received level of 175 dB after about
914 meters (1,000 yards). We will go more in depth on sound speed profiles, spreading loss, and
various geoacoustic profiles anticipated for the Chukchi Sea in our discussion on acoustic
propagation modeling (see Section 6.1.3.1 and Appendix A).
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4. RANGEWIDE STATUS OF THE SPECIES AND CRITICAL HABITAT

Nine species of marine mammals listed under the ESA under NMFS’s jurisdiction may occur in
the action area. The action area also includes designated and proposed critical habitat for three

species (see Table 5).

Table 5.

considered in this opinion.

Listing status and critical habitat designation for marine mammal species

Species Status Listing Critical Habitat

Balanea mysticetus NMFS 1970, .
(Bowhead Whale) Endangered 35 FR 18319 Not designated
Ba}laneoptera physalus Endangered NMFS 1970, Not designated
(Fin Whale) 35 FR 18319

ndangere ot designate
(I\ﬁlel? ﬁﬁfgfk”\?vvﬁii?g"ae Endangered glsMFT?S 1189371055 Not designated
Eubalaena japonica Endanaered NMFS 2008, | NMFS 2008,
(North Pacific Right Whale) g 73 FR 12024 | 73 FR 19000
Eschrichtius robustus
(Western DPS North Pacific Endangered ’3\1 MFII:Q811893710£3 Not designated
Gray Whale) >

ndangere ot designate
e el creangred | 35 1% | ot cesignte
Phoca hispida hispida Threatened NMFS 2012, | Proposed
(Arctic Ringed Seal) 77 FR 76706 | Designation
Erignathus barbatus nauticus Threatened NMFS 2012, Not proposed
(Beringia DPS Bearded Seal)® 77 FR76740 prop
Eumetopias jubatus Endanaered NMFS 1997, | NMFS 1993,
(Western DPS Steller Sea Lion) g 62 FR 24345 | 58 FR 45269

®on July 25, 2014, the US District Court for the District of Alaska issued a memorandum decision in a lawsuit

challenging the listing of bearded seals under the ESA (Alaska Oil and Gas Association v. Pritzker, Case NO. 4:13-
cv-00018-RPB). The decision vacated NMFS’s listing of the Beringia DPS of bearded seals as a threatened species.
NMFS is appealing that decision. In the interim, our biological opinions under section 7 of the ESA will continue to
address effects to bearded seals so that action agencies have the benefit of NMFS’s analysis of the consequences of
the proposed action on this DPS, even though the listing of the species is not in effect.
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4.1  Species and Critical Habitat Not Considered Further in this Opinion

As described in the Approach to the Assessment section of this opinion, NMFS uses two criteria
to identify those endangered or threatened species or critical habitat that are likely to be
adversely affected. The first criterion is exposure or some reasonable expectation of a co-
occurrence between one or more potential stressors associated with BOEM and BSEE’s activities
and a listed species or designated critical habitat. The second criterion is the probability of a
response given exposure. For endangered or threatened species, we consider the susceptibility of
the species that may be exposed; for example, species that are exposed to sound fields produced
by active seismic activities, but are not likely to exhibit physical, physiological, or behavioral
responses given that exposure (at the combination of sound pressure levels and distances
associated with an exposure), are not likely to be adversely affected by the seismic activity. For
designated critical habitat, we consider the susceptibility of the constituent elements or the
physical, chemical, or biotic resources whose quantity, quality, or availability make the
designated critical habitat valuable for an endangered or threatened species. If we conclude that
the quantity, quality, or availability of the constituent elements or other physical, chemical, or
biotic resources is not likely to decline as a result of being exposed to a stressor and a stressor is
not likely to exclude listed individuals from designated critical habitat, we would conclude that
the stressor may affect, but is not likely to adversely affect the designated critical habitat.

We applied these criteria to the species and critical habitats listed above and determined that the
following species and designated critical habitats were not likely to be adversely affected by the
proposed action: North Pacific right whales, Western DPS gray whales, sperm whales, Western
DPS Steller sea lions or the designated critical habitats of these species.

4,1.1 Cetaceans

Vessels transiting to and from survey locations in the Chukchi Sea overlap with the ranges of
North Pacific right whales, western gray whales, and sperm whales as well as the designated
critical habitat of North Pacific right whales in the eastern Bering Sea.

While the specific number of vessels involved per activity will depend on the type of activity
being conducted (3D seismic survey, exploratory drilling, etc.) and the number of projects
authorized per year, we anticipate that the maximum number of vessels associated with
explo7ratory drilling or seismic operations on LS 193 would be approximately 33 vessels per
year.

As part of the proposed action, BOEM/BSEE have included vessel strike avoidance measures
including: maintaining a vigilant watch for listed whales and pinnipeds and slowing down or
stopping vessels to avoid striking protected species by observing the 5 kn (9.26 km/h) speed
restriction when within 900ft of cetaceans or pinnipeds. In addition, the lessee and/or operator
will avoid transits within designated North Pacific right whale critical habitat. If transit with
North Pacific right whale critical habitat cannot be avoided, vessel operators are requested to
exercise extreme caution and observe the of 10 kn (18.52 km/h) vessel speed restriction while

" The specific number of vessels associated with each type of authorized activity is discussed in further detail in
Section 2.1. The maximum vessel number assumes two MODUSs, a geohazard survey, a geotechnical survey, and
support vessels for onshore construction are operating during the same open water season.
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within North Pacific right whale critical habitat. Lessee and/or operators transiting through North
Pacific right whale critical habitat will have PSOs actively engaged in sighting marine mammals.
PSOs would increase vigilance and allow for reasonable and practicable actions to avoid
collisions with North Pacific right whales. Lessee and/or operators will maneuver vessels to keep
800 m away from any observed North Pacific right whales while within their designated critical
habitat, avoid approaching whales head-on consistent with vessel safety. Vessels should take
reasonable steps to alert other vessels in the vicinity of whale(s), and report of any dead or
injured listed whales or pinnipeds.

Based on the extremely small number of observations of North Pacific right, western gray, and
sperm whales in the Bering Sea, the limited number of vessels potentially being mobilized out of
Dutch Harbor associated with the proposed action, the transitory nature of vessels heading to and
from project sites, the lack of spatial overlap between North Pacific right, western gray, and
sperm whales known distribution and the seismic and exploratory drilling areas in the Chukchi
Sea, mitigation measures to avoid cetaceans and North Pacific right whale critical habitat while
vessels are transiting, and the decades of vessels transiting in the Bering and Chukchi Seas
without a known vessel strike of these species, NMFS concludes that these cetaceans have a
sufficiently small probability of being exposed to stressors associated with BOEM and BSEE’s
proposed activities such that the potential for these species being exposed to the proposed survey
and drilling activities is extremely unlikely to occur, and the risks posed by the proposed action
to North Pacific right, western gray, and sperm whales are discountable.

Any noise or visual disturbance from vessels transiting would be brief and so small in scale as to
be immeasurable. The resulting effects on cetaceans would be insignificant and would not result
in take. Therefore, we conclude that the proposed action is not likely to adversely affect these
cetaceans and do not consider them further in this opinion.

Critical habitat for the North Pacific right whale was designated in the eastern Bering Sea and in
the Gulf of Alaska on April 8, 2008 (73 FR 19000). Only the eastern Bering Sea critical habitat
overlaps with the proposed action (see Figure 4). The primary constituent elements deemed
necessary for the conservation of North Pacific right whales include the presence of specific
copepods (Calanus marshallae, Neocalanus cristatus, and N. plumchris), and euphausiids
(Thysanoessa Raschii) that act as primary prey items for the species.
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Figure 4. North Pacific right whale critical habitat shown in both the Bering Sea and
Gulf of Alaska. The pentagon area in the Bering Sea is the only section of
critical habitat that occurs within the action area.

Vessels transiting to and from Dutch Harbor may enter the Bering Sea critical habitat for North
Pacific right whale. However, vessel traffic is not anticipated to affect aggregations of copepods
or euphausiids, and therefore will not affect the PCEs associated with North Pacific right whale
critical habitat. In addition, the critical habitat in the Bering Sea would not be exposed to
acoustic signals associated with deep penetration surveys, geohazard surveys, or exploratory
drilling because those activities would only be authorized to occur on LS 193 in the Chukchi
Sea, which is far enough away from the critical habitat area that received sound levels within the
habitat will not exceed thresholds of sound pressure levels from broad band sounds that cause
behavioral disturbance (160 dB rms re: 1pPa for impulse sound and 120 dB rms re: 1puPa for
continuous sound). For these reasons, we do not expect critical habitat for the North Pacific right
whale to be adversely affected by acoustic signals or vessel traffic associated with BOEM and
BSEE’s authorized activities, therefore, we will not consider this critical habitat further in this
opinion.

In summary, the proposed action is not likely to adversely affect the following cetacean species:

North Pacific right, Western gray, and sperm whales, or the designated critical habitat for North
Pacific right whales.
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4.1.2 Pinnipeds

Vessels transiting to and from Dutch Harbor in association with BOEM and BSEE’s authorized
activities on LS 193 in the Chukchi Sea are within the range of the western DPS of Steller sea
lions, and overlap with designated critical habitat. Dutch Harbor sits within the Bogoslof
designated foraging area and is within the 20 nm aquatic zone associated with rookery and
haulout locations (see Figure 5). In addition, depending on the routes vessels take to transit
through the Bering Strait, they may also overlap with critical habitat designated on the Pribilof
Islands, St. Matthew Island, or St. Lawrence Island. Steller sea lions are anticipated to be within
the Bering Sea section of the action area, and may overlap with BOEM/BSEE authorized vessels.
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Figure 5. Haulout and rookery locations for the western DPS of Steller sea lion near
Dutch Harbor, the nearby designated Bogoslof foraging area, and the
location of Dutch Harbor to and from which BOEM/BSEE authorized
vessels will be transiting.

Designated critical habitat for Steller sea lions includes terrestrial, air, and aquatic habitats that
support reproduction, foraging, rest and refuge. These designations were based on the location of
terrestrial rookery and haulout sites where breeding, pupping, refuge and resting occurs; aquatic
areas surrounding rookeries and haulouts, the spatial extent of foraging trips, and availability of
prey items, and rafting sites. Air zones around terrestrial and aquatic habitats are also designated
as critical habitat to reduce disturbance in these essential areas. Within the action area, vessels
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have the potential to transit through the 20nm aquatic zone around rookeries and haulouts, and
the Bogoslof foraging area.

The 3-mile no transit zones are established and enforced around rookeries in the area for further
protection, and NMFS’s guidelines for approaching marine mammals discourage vessels
approaching within 100 yards of haulout locations. The Bogoslof foraging area historically
supported large aggregations of spawning pollock (Fiscus and Baines 1966, Kajimura and
Loughlin 1988). While vessels transiting to and from LS 193 may enter Bogoslof foraging area,
noise associated with vessel operations is not anticipated to affect PCEs or impact foraging.

Despite all of the traffic in and around rookery and haulout locations near Dutch Harbor, there
have been no incidents of ship strike with Steller sea lions in Alaska. In addition, the Steller sea
lion population in and around Dutch Harbor has been increasing at about 3% per year, despite
ongoing vessel traffic (Fritz 2012).

Vessels would have a short-term presence in the Bering Sea as they transit to surveys and
exploration locations on LS 193 in the Chukchi Sea. NMFS is not able to quantify existing traffic
conditions across the entire Bering Sea to provide context for the addition of approximately 33
BOEM authorized vessels per year.® However, Dutch Harbor has thousands of vessel transits per
year. The addition of ~33 vessels per year would be very small compared to the total number of
vessels in the area. In addition, the absence of collisions involving any vessels and Steller sea
lions in the Bering Sea despite decades of spatial and temporal overlap suggest that the
probability of collision is low.

Based on the small number of vessels associated with the proposed action in comparison to the
thousands of vessels known to transit the Bering Sea, the small number of activities being
authorized by BOEM/BSEE, the continued growth of the sea lion population near Dutch Harbor
despite heavy traffic, mitigation measures in place to avoid marine mammals and designated
critical habitat, and the years of spatial and temporal overlap that have not resulted in a known
collision, we conclude that some individuals may be exposed to vessel traffic noise but the
exposure would be brief and the resulting effects on Steller sea lions would be insignificant and
not result in take. In addition, we do not anticipate any adverse effects to designated critical
habitat or impacts to foraging, therefore we will not consider Steller sea lions or their designated
critical habitat further in this opinion.

4.2 Climate Change

One threat is or will be common to all of the species we discuss in this opinion: global climate
change. Because of this commonality, we present this narrative here rather than in each of the
species-specific narratives that follow.

& The specific number of vessels associated with each type of authorized activity is discussed in further detail in
Section 2.1. The maximum vessel number is based on BOEM’s BA and Shell’s IHA application which anticipate up
to one geohazard survey (3 vessels), one geotechnical survey (1 vessel), 2 drilling operations (27 vessels), and
onshore facility construction (2 vessels) may occur within one year during the first incremental step totaling 33
vessels.
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There is widespread consensus within the scientific community that atmospheric temperatures
are increasing and that this will continue for at least the next several decades (Watson and
Albritton 2001, Oreskes 2004). There is also consensus within the scientific community that this
warming trend will alter current weather patterns and patterns associated with climatic
phenomena, including the timing and intensity of extreme events such as heat waves, floods,
storms, and wet-dry cycles. Warming of the climate system is unequivocal, as is evident from
observations of increases in global average air and ocean temperatures, widespread melting of
snow and ice and rising global average seal level (Pachauri and Reisinger 2007).

The Intergovernmental Panel on Climate Change (IPCC) estimated that average global land and
sea surface temperature has increased by 0.6°C (£0.2°) since the mid-1800s, with most of the
change occurring since 1976. This temperature increase is greater than what would be expected
given the range of natural climatic variability recorded over the past 1,000 years (Crowley 2000).
The IPCC reviewed computer simulations of the effect of greenhouse gas emissions on observed
climate variations that have been recorded in the past and evaluated the influence of natural
phenomena such as solar and volcanic activity. Based on its review, the IPCC concluded that
natural phenomena are insufficient to explain the increasing trend in land and sea surface
temperature, and that most of the warming observed over the last 50 years is likely to be
attributable to human activities (Stocker et al. 2013).

Continued greenhouse gas emissions at or above current rates would cause further warming and
induce many changes in the global climate system during the 21st century that would very likely
be larger than those observed during the 20th century (Watson and Albritton 2001). According to
the IPCC (Stocker et al. 2013), it is likely that there has been an anthropogenic contribution to
the very substantial Arctic warming over the past 50 years. In addition, anthropogenic forcings
are very likely to have contributed to Arctic sea ice loss since 1979 (Stocker et al. 2013).

The rate of decline of Arctic sea ice thickness and September sea ice extent has increased
considerably in the first decade of the 21% century (Stocker et al. 2013). It is estimated that three
quarters of summer Arctic sea ice volume has been lost since the 1980s (Stocker et al. 2013).
There was also a rapid reduction in ice extent, to 37% less in September 2007 and 49% less in
September 2012 relative to the 1979-2000 climatology (Stocker et al. 2013). All recent years
have ice extents that fall at least two standard deviations below the long-term sea ice trend
(Stocker et al. 2013).

Climate change is projected to have substantial direct and indirect effects on individuals,
populations, species, and the structure and function of marine, coastal, and terrestrial ecosystems
in the foreseeable future (Houghton 2001, McCarthy 2001, Parry 2007). Climate change would
result in increases in atmospheric temperatures, changes in sea surface temperatures, changes in
patterns of precipitation, and changes in sea level (Stocker et al. 2013).

The indirect effects of climate change for listed marine mammals would result from changes in
the distribution of temperatures suitable for many stages of their life history, the distribution and
abundance of prey, and the distribution and abundance of competitors or predators. For example,
variations in the recruitment of krill (Euphausia superba) and the reproductive success of krill
predators have been linked to variations in sea-surface temperatures and the extent of sea-ice
cover during the winter months. Thinning and reduced coverage of Arctic sea ice are likely to

68



substantially alter ecosystems that are in close association with sea ice (Loeng et al. 2005). A
decrease in the availability of suitable sea ice conditions may not only lead to high mortality of
ringed seal pups but may also produce behavioral changes in seal populations (Loeng et al.
2005). Changes in snowfall over the 21% century were projected to reduce ringed seal habitat for
lairs by 70% (Hezel et al. 2012). Bowhead whales are dependent on sea-ice organisms for
feeding and polynyas for breathing, so the early melting of sea ice may lead to an increasing
mismatch in the timing of these sea-ice organisms and secondary production (Loeng et al. 2005).
A study reported in George et al. (2006), showed that landed bowheads had better body
condition during years of light ice cover. This, together with high calf production in recent
years, suggests that the stock is tolerating the recent ice-retreat, at least at present (Allen and
Angliss 2014).

4.3  Status of Listed Species

The remainder of this section consists of narratives for each of the endangered and threatened
species that occur in the action area and that may be adversely affected by the proposed seismic
and geohazard surveys and drilling operations. In each narrative, we present a summary of
information on the population structure and distribution of each species to provide a foundation
for the exposure analyses that appear later in this opinion. Then we summarize information on
the threats to the species and the species’ status given those threats to provide points of reference
for the jeopardy determinations we make later in this opinion. That is, we rely on a species’
status and trend to determine whether an action’s direct or indirect effects are likely to increase
the species’ probability of becoming extinct.

After the Status subsection of each narrative, we present information on the feeding and prey
selection, and diving and social behavior of the different species because those behaviors help
determine how certain activities may impact each species, and help determine whether aerial and
ship-board surveys are likely to detect each species. We also summarize information on the
vocalization and hearing of the different species to inform our assessment of how the species are
likely to respond to sounds produced from the proposed activities.

More detailed background information on the status of these species can be found in a number of
published documents including a stock assessment report on Alaska marine mammals by Allen
and Angliss (2014), and recovery plans for fin whales (NMFS 2010d), and humpback whales
(NMFS 1991). Cameron et al. (2010) and Kelly et al. (2010b) provided status reviews of bearded
and ringed seals. Richardson et al. (1995) and Tyack (2000, 2009) provided detailed analyses of
the functional aspects of cetacean communication and their responses to active seismic. Finally,
Croll et al. (1999), NRC (2000, 2003, 2005), and Richardson et al. (1995) provide information
on the potential and probable effects of active seismic activities on the marine animals
considered in this opinion.

4.3.1 Bowhead Whale

Population Structure

The International Whaling Commission (IWC) recognizes four stocks of bowhead whale for
management purposes (Allen and Angliss 2014). Out of all of the stocks, the Western Arctic
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stock is the largest, and the only stock to inhabit U.S. waters(Allen and Angliss 2014). It is also
the only bowhead stock within the action area.

Distribution

Bowhead whales have a circumpolar distribution in high latitudes in the Northern Hemisphere,
and range from 54° to 85° N latitude. They live in pack ice for most of the year, typically
wintering at the southern limit of the pack ice, or in polynyas (large, semi-stable open areas of
water within the ice), and move north as the sea ice breaks up and recedes during the spring. In
the North Pacific Ocean in the action area, bowhead whales are distributed in the seasonally ice-
covered waters of the Arctic and near-Arctic, generally occurring north of 60°N and south of
75°N in the western Arctic Basin (Braham 1984, Rugh et al. 2003b). They have an affinity for
ice and are associated with relatively heavy ice cover and shallow continental shelf waters for
much of the year.

The majority of the western Arctic stock migrates annually from wintering areas (December to
March) in the northern Bering Sea, through the Chukchi in spring (April through May), to the
Beaufort Sea where they spend much of the summer (June through September) before returning
again to the Bering Sea in fall (October through December) to overwinter (Allen and Angliss
2014) (see Figure 6). Fall migrating whales typically reach Cross Island in September and
October, although some whales might arrive as early as late August. Some of the animals remain
in the eastern Chukchi and western Beaufort seas during the summer (Ireland et al. 2009, Clarke
et al. 2011b). Aerial surveys of offshore portions of the Chukchi Sea from 2008-2012 have
shown a relatively consistent pattern of few bowhead whales being present in June-August, and
then increasing numbers in September and October (Clarke et al. 2011c, Clarke et al. 2012,
Clarke et al. 2013c). However, satellite tracking of bowheads has also shown that some whales
move to the Chukchi Sea prior to September (Quakenbush et al. 2010c). Bowhead whale call
count data recorded in the Chukchi Sea in 2012 showed the highest detection number during
September and October. Similar to 2012 Chukchi Sea Environmental Studies Program (CSESP)
visual data, there were few call detections south of 71°N (Delarue et al. 2013a), which supports
satellite tagging data showing that most bowhead whales migrate north of 71°N during the fall
(Quakenbush et al. 2010c).

In the Chukchi Sea, bowheads are generally found in waters between 50 and 200 m deep (Clarke
and Ferguson. 2010). During spring migration in the Chukchi Sea, bowhead whales typically
follow polynyas in the sea ice along the coast of Alaska, generally in the zone between the
shorefast ice and mobile pack ice (Allen and Angliss 2014). During the fall migration south into
the Bering Sea, bowheads appear to select shallow-shelf waters in low to moderate sea ice
conditions, and slope waters in heavy ice conditions (Moore 2000).
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Figure 6. Generalized Migration Route, Feeding Areas, and Wintering Area for

Western Arctic Bowhead Whale

Most spring-migrating bowhead whales would likely pass through the Chukchi Sea prior to
open-water seismic or exploratory drilling activities. However, a few whales may remain in the
Chukchi Sea during the summer and could encounter survey and drilling activities or transiting
vessels. More encounters with bowhead whales are anticipated during the westward fall
migration in late September through October (Shell 2015). Most bowhead migrating in
September and October appear to transit across the northern portion of the Chukchi Sea to the
Chukotka coast before heading south toward the Bering Sea (Quakenbush et al. 2010c)(see
Figure 6). Prior to 2012, the majority of satellite-tagged whales crossed the Chukchi Sea quickly;
however tagged whales in 2012 remained in the central Chukchi Sea concurrently with drilling
operations before entering the Bering Sea in December, possibly due to opportunistic feeding
(Quakenbush et al. 2013).

In the North Atlantic Ocean, three additional populations are found in the Atlantic and Canadian

Arctic in the Davis Strait and in Baffin Bay, Hudson Bay, and Foxe Basin, as well as Spitsbergen
Island and the Barents Sea.
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Threats to the Species

NATURAL THREATS. Little is known about the natural mortality of bowhead whales (Philo et
al. 1993). From 1964 through the early 1990s, at least 36 deaths were reported in Alaska,
Norway, Yukon and Northwest Territories for which the cause could not be established (Philo et
al. 1993). Bowhead whales have no known predators except perhaps Killer whales. The
frequency of attacks by killer whales upon the Western Arctic stock of bowhead whales is
assumed to be low (George et al. 1994). Of 195 whales examined from the Alaskan subsistence
harvest (1976-92), only 8 had been wounded by killer whales. Also, hunters on St. Lawrence
Island found two small bowhead whales (<9 m) dead as a result of killer whale attacks (George
et al. 1994). Predation could increase if the refuge provided to bowhead whales by sea-ice cover
diminishes as a result of climate change.

Predation by killer whales may be a greater source of mortality for the Eastern Canada-Western
Greenland population. Inuit have observed killer whales killing bowhead whales and stranded
bowhead whales have been reported with damage likely inflicted by killer whales (NWMB
(Nunavut Wildlife Management Board) 2000). Most beached carcasses found in the eastern
Canadian Arctic are of young bowhead whales, and they may be more vulnerable than adults to
lethal attacks by killer whales (Finley 1990, Moshenko et al. 2003). About a third of the
bowhead whales observed in a study of living animals in Isabella Bay bore scars or wounds
inflicted by killer whales (Finley 1990). A relatively small number of whales likely die as a
result of entrapment in ice.

ANTHROPOGENIC THREATS. Historically, bowhead whales were severely depleted by
commercial harvesting, which ultimately led to the listing of bowhead whales as an endangered
species in 1970 (35 FR 8495). Bowhead whales have been targeted by subsistence whaling for
at least 2,000 years (Stoker and Krupnik 1993). Subsistence harvest is regulated by quotas set by
the IWC and allocated by the Alaska Eskimo Whaling Commission. Bowhead whales are
harvested by Alaska Natives in the Beaufort, Bering, and Chukchi Seas. Alaska Native
subsistence hunters take approximately 0.1-0.5% of the population per annum, primarily from 11
Alaska communities (Philo et al. 1993, Suydam et al. 2011).

Canadian and Russian Natives also known take whales from this stock. Hunters from the western
Canadian Arctic community of Aklavik harvested one whale in 1991 and one in 1996. Twelve
whales were harvested by Russian subsistence hunters between 1999-2005 (Allen et al. 2014).
No catches for Western Arctic bowheads were reported by either Canadian or Russian hunters
for 2006-2007 or by Russia in 2009, but two bowheads were taken in Russia in 2008, and in
2010 (IWC 2012, Allen et al. 2014). The annual average subsistence take (by Natives of Alaska,
Russia, and Canada) during the 5-year period from 2007 to 2011 was 39 bowhead whales (Allen
et al. 2014).

Some additional mortality may be due to human-induced injuries including embedded shrapnel
and harpoon heads from hunting attempts, rope and net entanglement in harpoon lines and crab-
pot lines, and ship strikes (Philo et al. 1993). Several cases of rope or net entanglement have
been reported from whales taken in the subsistence hunt (Philo et al. 1993). Further, preliminary
counts of similar observations based on reexamination of bowhead harvest records indicate
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entanglements or scarring attributed to ropes may include over 20 cases (Allen and Angliss
2014). There are no observer program records of bowhead whale mortality incidental to
commercial fisheries in Alaska. However, some bowhead whales have historically had
interactions with crab pot gear. There are several documented cases of bowheads having ropes or
rope scars on them. NMFS Alaska Region stranding reports document three bowhead whale
entanglements between 2001 and 2005. In 2003 a bowhead whale was found dead in Bristol Bay
entangled in line around the peduncle and both flippers; the origin of the line is unknown. In
2004 a bowhead whale near Point Barrow was observed with fishing net and line around the
head. A dead bowhead whale found floating in Kotzebue Sound in July 2010 was entangled in
crab pot gear similar to that used in the Bering Sea crab fishery (Allen and Angliss 2014).
During the 2011 spring aerial survey of bowhead near Point Barrow, one entangled bowhead was
photographed (Mocklin et al. 2012). The minimum average annual entanglement rate in U.S.
commercial fisheries for the five year period from 2007-2011 is 0.4; however, the overall rate is
unknown (Allen and Angliss 2014).

Bowhead whales are among the slowest moving of whales, which may make them particularly
susceptible to ship strikes although records of strikes on bowhead whales are rare (Laist et al.
2001). About 1% of the bowhead whales taken by Alaskan Inupiat bore scars from ship strikes
(George et al. 1994). Until recently, few large ships have passed through most of the bowhead
whale’s range but this situation may be changing as northern sea routes become more navigable
with the decline in sea ice. This increase in vessel presence could result in an increased number
of vessel collisions with bowhead whales. Increasing oil and gas development in the Arctic has
led to an increased risk of various forms of pollution in bowhead whale habitat, including oil
spills and contaminants. Noise produced by the increased number of seismic surveys and
increased vessel traffic resulting from shipping and offshore energy exploration is also a concern
(Allen and Angliss 2014). Exposure to manmade noise and contaminants may have short- and
long-term effects (Bratton et al. 1993, Richardson and Malme 1993, Richardson et al. 1995),
which compromise health and reproductive performance.

Status

The bowhead whale was listed as endangered under the ESA in 1970 (35 FR 8495). They are
also protected by the Convention on International Trade in Endangered Species of wild flora and
fauna and the MMPA. Critical habitat has not been designated for bowhead whales. The IWC
continued a prohibition on commercial whaling, and called for a ban on subsistence whaling in
1977. The U.S. requested a modification of the ban and the IWC responded with a limited quota.
Currently, subsistence harvest is limited to nine Alaskan villages.

WESTERN ARCTIC. Woodby and Botkin (1993) summarized previous efforts to determine a
minimum worldwide population estimate prior to commercial whaling of 50,000, with 10,400-
23,000 in the Western Arctic stock (dropping to less than 3,000 at the end of commercial
whaling). Brandon and Wade (2006b) used Bayesian model averaging to estimate that the
Western Arctic stock consisted of 10,960 (9,190-13,950; 5th and 9th percentiles, respectively)
bowheads in 1848 at the start of commercial whaling (Allen and Angliss 2014).

From 1978-2011, the Western Arctic stock of bowhead whales has increased at a rate of 3.7%
(95% Confidence Interval (Cl) = 2.8-4.7%) during which time abundance tripled from
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approximately 5,000 to approximately 16,000 whales (Givens et al. 2013). Similarly, Schweder
et al. (2010b) estimated the yearly growth rate to be 3.2% between 1984 and 2003 using a sight-
resight analysis of aerial photographs. The ice-based abundance estimate, based on surveys
conducted in 2001, is 10,545 (Coefficient of Variation (CV) = 0.128) (updated from (George et
al. 2004a) by (Zeh and Punt 2005)). Ten years later in 2011, the ice-based abundance estimate
was 16,892 (95% CI 15,704-18,928) (Givens et al. 2013). See Table 6 for summary of
population abundance estimates (Allen and Angliss 2014). Using the 2011 population estimate of
16,892 and its associated CV= 0.2442, the minimum population estimate for the Western Arctic
stock of bowhead whales is 13,796 (Allen and Angliss 2014). The population may be
approaching carrying capacity despite showing no sign of a slowing in the population growth
rate (Brandon and Wade 2006a).

Table 6. Summary of population abundance estimates for the Western Arctic stock of
bowhead whales (Allen and Angliss 2014).

Year Abundance estimate Year Abundance estimate

(CV) (CV)

Historical estimate 10,400-23,000 1985 5,762
(0.253)

End of commercial 1,000-3,000 1986 8,917
whaling (0.215)
1978 4,765 1987 5,298
(0.305) (0.327)

1980 3,885 1988 6,928
(0.343) (0.120)

1981 4,467 1993 8,167
(0.273) (0.017)

1982 7,395 2001 10,545
(0.281) (0.128)

1983 6,573 2011 16,892
(0.345) (0.244)

The current estimate for the annual rate of increase for this stock of bowhead whales is 3.2-3.4%
(George et al. 2004a, Schweder et al. 2010b). However, it is recommended that the cetacean
maximum theoretical net productivity rate of 4% be used for the Western Arctic stock of
bowhead (Wade and Angliss 1997).°

The count of 121 calves during the 2001 census was the highest yet recorded and was likely
caused by a combination of variable recruitment and the large population size (George et al.
2004a). The calf count provides corroborating evidence for a healthy and increasing population.

The potential biological removal (PBR) for this stock is 103 animals (10,314 x 0.02 x 0.5) (see
(Allen and Angliss 2014)). However, the IWC bowhead whale quota takes precedence over the

° The net productivity rate value of 3.2-3.4% should not be used b